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2.1 Bundle symmetry sections

In case of hexagonal bundles, with the original version

described in /2/, it is possible to perform ca t

only for (1) the whole bundle f section, or (2)a ha it,

or (3) 1/12th, the type of the symmetry section be fixed

the value of the input parameter NSEL (see /1/, Par.3.1, 9th

card). In that version of SAGAP~, automatie procedures are

included to estab sh indexing and connections of rods, channels

subchannels, and to compute the subchannel and 1 f

areas equ ent diameters.
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culations. However, approximate calculations for a reduced

number of channels can be carried out with SAGAP~ also, by de

fining a"fictitious" bundle which includes the interesting

channels (see Fig.1).

2.2 Shroud shape

The SAGAP~ code was developed with the purpose of modelling 

with the best possible accuracy - bundles having angular

corner channels and blocking triangles with straight sides

and base angles of 300 in the wall channels (see /2/ and Fig.2).

*) A description of the necessary new input variables is given
in Par. 4.2.

**) However, the input preparation is considerably more compli
cated for C~BRA*GCFR than for SAGAP~ (see /2,6/).

***)Assumed to be disconnected from the more interior channels.
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the way previous described, shroud wetted perimeter values

different from the real ones are assumed automatically in

SAGAP{2S.

At the time of Benchmark 111 calculations /3,5/ due to the

complicated shape of the AGATHE bundle to be computed (see

Fig.3), an improvement of the SAGAP{2S procedures became necessary

to allow an accurate analysis***).

The calculations showed that, in normal situations, sufficient

ly correct results could be obtained by simply introducing

correction factors for the hydraulic diameters in the axial

momentum equations****) (see /3/ and Par.4.2.2. in this work).

*) These distances must be equal to one ?nother, for a
external channels.

**) The assumption of not correct hydraulic diameters has an
effect on both pressure drop and mass flow and temperature
distributions.

***) For the AGATHE bundle, the assumed wetted perimeters cor
responding to the modified shroud were 3% too high for
corner channels and 3% too low for wall channels.

****)The effect on the friction factors due to slightly in
correct values at the shroud wetted perimeters is negli-
gible /3/.
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calculation of the friction s of the two portions
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example
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(1.66) of /1/:
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not a severe ion. a similar

ictle~u.v~.ation of the wholetheion

from the channel values, also, one obtained exactly the

original equation (1.71) /1/.**)

*) About IGRAV see Par. 4.2.2

**) In /2/ Eqn. (1. 71) of /1/ was modif , according to the first
method, introduced at KfK, for taking account ion
/3/.
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portion, or - in case of calculations carried out in more
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CE) Impossibility of assuming in input values for the length

of the axial sections in the unheated axial portions, such

that more than one spacer is contained in one section.**)

(F) Impossibility of neglecting the spacer effect on the

Nusselt numbers.

The elimination of limitations (A) and (D) was cuite important,

because calculations in two or more steps are very useful and

often necessary, especially for bundles with a large number of

*) WSP is the spacer width.
**)In case of unheated portions, all sections have equallengths in

SAGAP~ and SAGAP~-2.
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assuming that the correction factor for turbulent mixing rate

exchanged between two flow zones due to the spacer effect is pro

portional to the arithmetic average of the correction factors

for the Nusse numbers of the two flow zones*), i.e., the

flow zones 1 and 2, that:

T

[DoS NU, NU 2
1J

w'2
CY + 1, (5)

wTO == + -) -0 0
12 NU 1 NU 2

where wTO
and Nu

O
are the turbulent mixing rates and the Nusselt

numbers, respectively, in case of no spacer effect, and the

value of the constant CY must be provided in input (see Par.4.2.2).

Calculations carried out for Benchmark 111 have shown that the

assumption of CY == 1 instead of CY == 0 (which means no enhance

ment), brings only small changes for the mass flow and temperature

*) For the channels, the correction factor for the Nusselt
number of each channel is assumed to be the average of the
correction factors for the contained subchannels.
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***)Eqns. (7), (8) are valid for gases like helium and air /10,11/.
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pre-

as to com-

icate as 1ess as s e use and



its or 1 sion

concer-

ined for those

the

with re",npf""t

1

to other

have been increa

OTOnf"'°S between the

2 1 new data

DATA statements in

<'>""'P'-fi..:>. In this

have

more than one

which were

means

in

new

some

e

has

to avo

s which are

some

in 2/
, the sizes

2 7) • To min

of

in

,,~'u~>kication was neces

No

some

var

new var .................. ,..

(see Par.

are

DATA,

one

var ....... JU ...,,.,s

ion, however, does not mod

s (see

s.

are

the

va

in

for

<:>n,.,.,,", e Fer the

fication was

pr .............y

were not printed in /2/.

In the next paragraphs

and C~MM~N B~CKS will

not discussed in

are still id.

s cons /2/

4.2

es

versionto the

/2/ the

, were:

to the case that a

the preparation of the data

the var NSEL (see /2/, 9

has to be

t,

1 H::Z.ClY '.,I HOl 1

section)

NSEL, in case of

NSEL := 1 (whoIe f

NSEL := 2 (a )

NSEL := 3 (1/12th),

in 2

NSEL := 4

i8 also

f

to the mean

wh

Moreover, this mod ication



the ones i a see Par

the

DATA,

s that the same

2

the 12

in vers

les, whi in /

connections,

-LU.u ....c:s, concern

in the version

and

12-rod

ins must

so. This is due to

w~~-~, which is not as automatie

6/)

IND3/)

1/) *)

nexaqolnal

NPIN, JPIN

NTYP

NER,NIS

In 2, values

DATA, in case of

proced,ure used in case

as se for NSEL=1,2 or 3, but is s to those eady u

in /2/ for the 12-rod bundles (see Par.2.1). It must be noticed

that, in case of NSEL~4 also, input s must be provided for

NPIN, JPIN, NTYP and NER (because of the features of BL~CK DATA),

which, however will not be used in the calculations (thus all ,'s

or OIS can be assumed).

Moreover, the new data described be must be provided in

DATA for SAGAP~-2 (both in the version for hexagonal bund-

les in that the 12-rod les).

....................
, if Eqn.(10) is applied the energy ba ...au~c

IENE =

if Ean. (9) is applied the energy JUCI...I.Cl.u-..e.

2) C~MM~N BL~CK /GAAG1/

FC~PW1 (3)

*) see /2/ for the meaning of these variables.



ITYP =

ITYP= centra ITYP=

3)

::::: the e

flow section.*)

4) 11

== total channe

section.

in asc=nm~rl

• • e • • • • • • • • • • • • • e • • •

RAPPAI (42,3)

RAPPAI (NS,M) ::::: ratio between the flow area Mth

channel ..... Hu....cI NS (in cons

bundle symmetry the f

the entire subchannel (i.e. as

area

in the e bundle flow sec ) . **)

FSYMM

FSYMM ::::: ratio between the area of the entire flow

section and that of its symrnetry

*) These variables have been introduced to be to per
a correct analysis in case of shroud profiles different
from that originally allowed in SAGAP~ (see Par.2.2). Ob
viously FC~PW1 (1) must be equal to 1, because a modifica
tion of the shroud profile does not affect the wetted peri
meter in central channels.

**) For Benchmark I11 ca ions (1/6th of a 37 rod bundle)
151 the RAPPA1 values were 0.5 for the corner channe and
1 the other channels.



IDISP1

numbers due to

t on

conta

on, the

into account;

an

Nusse

it must
=-.:;;:.~

IDISP1 = 1

IDISP1 = 2 if the

(see Par. 3. 1) •

1 must

9) /"'U"'LJ'''''
• • • e e • • • • • • • • • • • e • • • •

IDISP2

IDISP2 = 1 the eventual effect the last spacer of an

axial portion on the Nusselt numbers in the first

axial sections the next axial portion must be

taken into account;

IDISP2 = 2 if this effect must be neglec

(see Par. 3. 1) .

10) C~MM~N BL~CK /ISM~/
e • • • e • • • • • • • e • • • • • •

= exponent of the ratio 1/ the temperature

correction for Nusselt numbers of smooth walls

(see Par. 2. 7, Eans, (6) - (8) ) •

11) C~MM~N BL~K /ISM~1/....................
ITEC~

ITEC~ = 1 if, in Eqn. (6) , TG =
ITECj2) = 2 if, in Eqn. (6) , TG =
(see Par. 2. 7) •

inlet gas temperature TE;

bulk temperature TB



"" s

4

ent flow or

must be

IV 78

eorreet s (superp,osit

- .. '--r-- e ) .

IN == 2

(see Par. 2. 7) •

ment must not be ied

13 ) ....................
NSTR

NSTR == ehanne in assumea

seetion.

14 ) 1/

Cy

CY == faetor for the enhaneement of

to spaeer feet, the

(see Eqn. (5), Par.2.6).

ent mixing due

ellCl.HU,O:::

15 ) /SUBDI/

IDIV1, IDIV2

ne central c ls

wall channels.**)

is ired

r channe

for central

IDIV1 == 1 the subehannel

1 channelsi

IDIV1 == 2 it is

IDIV1 "" 3 it is

IDIV1 == 4 it is not requ

channels, nor

*) 5/ is not a new C~MM~N BL~K. In /2/ it was already de-
fined in the main program and subroutine

**)As mentioned in Par.3.2.4, in case of IDIV1=3 or==4, the cal-
culation of the two portions the wall subchannels is auto-
matically not performed.



= the the

=

It must final not that - in

>J""Uu. ... es also, va ean

ues,real

s

beeause

the

2, with re to

ients YH

between a

.5

YH(I1,I2) = 1.14 (_I.::..:... _
( ~R ( 14 )

1, 2 are the numbers of gaps for ehannels I1, I2; the

areas 6A, AI, Aare defined in Fig.6).*)

YH values are

the spaeer

by the subroutine INGE, immediately

faetors (see 4.1.8 in /2/).

4.4

of the new BL{lSCKS have defined to introduee

new varia.bles, the meaning of whieh has already been des-

eri in Par.4.2.2. Anyway, order to provide here a presen-

tation similar to that used in the original users' guide /2/,

eomplete list of the new C{lSMM{lSN BL{lSCKS is included in this

paragraph, together with the lists of the subprograms in

whieh the single C{lSMM{lSN BL{lSCKS are defined. However, the des-

This equation was not included, by mistake, neither in /1/
nor in /2/. It must be remembered the real channel mixing
coefficients used in the code are obtained by multiplying
the YH coefficients by the factor PC{lSRR (see 3.1 21st

in /2/).



not

the mean

here.

the new

1

IENE is in DATA in BALA,

2) 11 (3
@ • • • e • • • • • • • • • • • • • • e • • e $ e

ANGCA1. BALA RECCA1

inDATAin

SUBBAL.

s arevaThe

3) 1 (18,2)
• • • • • • • • • • • • • • e • • • • • • • • • • e •

(111, = the wa

ion of the Mth

channel.

sulbcllarmel of IIIth

s are in subroutine RECCA1, in

case wall sUbcnann.elsi in case corner

are set equal to (3) (see

subroutine ANGCA1. The values are

and RECCA2.

1/) in

in RECANG

FC~PWT

FC~PWT is defined in BL~CK DATA is used in main

gram.

5) C~MM~N IGAGRI DPSI...... ............

isitation. Its va

= average channel sure

to a the new

account

It.Pavl
DPSI was

DPSI ==

The variab

for taking

in the main program. DSPI is then used

RECCA 1.

CEWA, RECANG

6) C~MM~N IGAMARI CXX

CXX = factor for the cross-f exchange channe

depending on the type of the assumed bund

section.

symmetry



The e CXX s correct a small error

ined in TMCF for t ex-

s

DATA and

in

in1 is present on

Themainin

DATA is in in case see

Par.4.2.1 . Otherwise, this va is not and t

real value is like in /2/, in subroutine

INDEX.

8) 2/ RAPPAI (42,3)

subroutines HEATI and .uUHU..JI..es)

DATA, are used in the

llc....o.yv'Hal

ues de ned inRAPPAI

in case of NSEL=4 (see Par.4.2.1).

9) 3/ FSYMM....................

uc....a.yu,Ha.l

(version

NSEL=4 (see Par.in case

DATA and is used ininFSYMM is

for

4.2.1).

10 ) "".n..JiJ"" / I GAS

IGAS is

and

in DATA is used CP, ETA, KAPPA

11) /ID IDISP1

IDISP1 is in DATA and is used in AXSEC.

12) C~MM~N/ IDISPB/ IDISP2

IDISP2 is defined in BL~CK DATA and is used in the main

program.

13) C~MM~N /ISM~/C~TW

C~TW is defined in BL~CK DATA and is used in RTSI and TELIN.



is in DATA and sed in RTSI and

15

16)

TELIN.

/ISUP

is def

TEMLAM.

XS1/ CY

IN

in DATA and is used in RTRI RTSI

CY is in DATA and is used in BAh~.

17)

CCY = factor

2/ CCY

the enhancement of ent to

ef , for the e between subchannels

the same channel and between the two ions of

1 subchannels (see Eqn. (5), Par.2.6).

In SAGAP~-2 CCY is set equal to CY in BALA.*) It is used in

RECCA2 and SUBBAL.

18) C~MM~N /PRSPA/ DISTOO
• '" •• 0 e </11 ••

DISTOO = distance from the inlet section of an axial ion,

or from the section at which the ca ion is

started (in case of calculations carried out in

more than one step) , to the middle section of

last preceeding spacer sign DISTOO is

negative) .

The variable DISTOO has been introduced to allow the

ments of the subroutine AXSEC for the spacer effects on
7Nusselt numbers. The value of DISTOO is set equal to 1

at the beginning of the main program. Then, for the first

axial portion, the appropriate value is evaluated in the

main program, in case that the calculation step starts ter

the bundle inlet (if spacers are present in the bundle part

computed in the preceeding step). Por the succeeding axial

portions the appropriate DISTOO values are evaluated only

*) If required, a more sophisticated correlation between CCY
and CY can be easily introduced in the code.



eI

is usedD1

= see

the

= index the axial sect

The iab KK has been ined a -I- .... r.rln.-.ing the

spacer e ent mixing thout c

The ue KK is set 1 that

an

of the axia sec

for BALA .

in the subroutine BALA

KK is used in SUBBAL

is

K is not an

SUBDI IDIV1 IDIV2

1DIV1 and 1DIV2 are

SUBBAL.

ned in DATA and are used in

4.2.2

ind

to

~W~L\U, which were

in 2/, has been

some

some

The use

.::>nun.rllJ,-2. The are so mentioned, in wh

are now

1) / A (42)

in the version of 1NGE forNow

bes s in the main ... r,..,n·,...::om, BALA,

H~~~~~u~l bund s, also,

N0RMT, RECCA1, RECCA2, SUBBAL, TMCF and TR1CA1.

2) 1GRAV

Now in CEWA, RECANG and RECCA1, also, besides in

DATA , main r~nr~m, BALA , SUBBAL and RECCA2.

3)

Now in BALA, RECCA2 and SUBBAL also, besides in AXSEC,

CEWA, RECANG, SUBDH and WALLTE.

*) For the meaninq of the variables see Par.5.?? in /2/
**}In the list C0MM0N BL0CKS presented in Par.5.7? /2/ it

is erroneously written that /GRID2/ contains the variable
DIST (7), also. On the contrary, this variable belongs to

ID1/, with the variable EPSISC (42,3,3).



4)

Now

s

1 Q(37)*

in the version

s in the main

HEA1

in HEATR.

les, also,

5) I NPIN(42) ,JPIN(42,3)·................... .............
Now in the version of DATA for hexa-

gonal sand in TMCF and UA, also besides in the ver-

sion bundles, in the version

12- bundles, in AXSEC, BALA, ENFRC~,

ENTFR, , SIMLA1, SUBBAL, SUBC~N, SUBDH, TBFUN,

TMPUN, TWFUN and WALLTE.

6) C~MM~N IIND31 NTYP(42)
• • • • • • • • • • • • e • • • • • • • • e

Now used the versions of BL~CK DATA and HEATI for hexagonal

bundles, also, sides in the version of INDEX for hexagonal

bundles, in the version of BL~CK DATA for 12-rod bundles,

in the main program, in BALA, C~NNIJ, ENFRC~, INGE, INLC~N,

INQUA, KAPC~R, N~RMT, RECCA2, SIMLA1, SUBBAL, SUBC~Nt TBFUN,

TEMLAM, TMCF, TMPUN, TWFUN, UA and WALLTE.

7) C~~~~N IIJ11 NER(42),NIS(42,3)·.............................
Now used in the version of BL~K DATA for hexagonal bundles,

also, besides in C~NNIJ, in the version of BL~CK DATA for

12-rod bundles, in the main program, in BALA, INGE, RECCA2,

SUBBAL, SUBC~N, TMCF and UA.

8) C~MM~N IMART51 NSTR

Now used in both versions of BL~CK DATA, also, besides in

the main program and in ENFRC~.

In order to allow performing Benchmark 111 calculations 15/,

the sizes for some C~MM~N BL~CKS have been increased (see

Par. 2.7). These C~MM~N B~CKS are listed below, with the

*) Note that the sizes of this C~MM~N BL~K have also been
increased.



f

EPSWC

C

sc 4

DIST 7 + EPSISC 2 3 5 DIST(?

EPS + EPSIC 42,4

PGDPSC 42 3 3 -+ PGDPSC 4,3 4)

Q 9

2/:

+ (3 18

/:

IDPIN(2,12) -+ IDPIN (3,18)

-+ (4,30)

IND4/:

NUM3 ( 3) , ••• , 6 3) -+ NUM3 (4 , •• , NUM3 6 ( 4 )

Furthermore the dimensions of some var es, in the

mai means of DIMENS statements, had also to be

increased 3/

*) The variable EPSISC must be dimensional for a number of spacers
to the one + 1, to allow the possibility (intro-

duced at GA /3/) taking into account the effect on the
Nusselt numbers of an axial ion, due to the last
of the axial portion.
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some

the sers the
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inar calculations.
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ic out at GA had that, the

of the ions is to ict

1 iction tors and pin

not to assess I azimuthai pin i )-

I ion can avo the central

ls, the corner channels the central tion of

wall can be r the wall

of the wall • In the s for

/3/.

of a not too fine
ion the wall subchannels is

convergence in case flow regimes
ical f

flow

a
near

**)It must be that the
ivision of the wall

to obtain



tem

s. 7-10)~ on the con-
t

y (of a of

s

ifsIs are on

the calculation time decreases s~r~Mn

average subchannel friction

2 case 1 11 see

In conc sion we advise to us

with 2, the ues

normal ca

the

ations

de-

the ivision (see 3.1, 9th card in

/2/

NSC = 1*

NSC30A = 1

NSC = 3 or 4 (normally)**)

5.2 Axial section subdivision

The of the axial section subdivision on results and cal-

ion time was also invest ted at GA. Most of the calcu-

lations were carried out by neglecting the spacer effect on

Nusse nurnbers. This allowed assuming equal lengths for all

I sections over each axial portion. This parametric study

was performed by varying the value of the input parameters XDE1,

which defines the approximate desired length of the axial sec

tions where no spacer effect on Nusselt numbers is present

(in terms of XDE1 times the equivalent diameter Dc of central

channels; see 3.1, 19th card, in /2/). As a reference the case

of XDE1 o=2.5 was taken/which was the value assumed in the cal

ions previously performed at KfK /1/. This parametric

study showed that, normally, the number ofaxial sections does

not need be very large (no important changes in the results

cauld be noticed for case 1 of Benchmark 11 - excent for the

corner channel with the larqest solidity, and, for the other

channels, near the spacers, see Figs.7-10). However in case

of too long axial sections(for XDE1 > 3·XDE1 0 in case of the

*) In the original version of SAGAP~ /2/, due to a small error,
occurring in RECCA1 for NSC30C=1, if the angle for the cen
tral portionof the wall subchannels is smaller than ~/6,

the assumptions of NSC30C=1 is not always possible /3/.

··)The value of NSC30W which can be used depends on the shape
of the wall channels also. For Benchmark 11 calculations
/3,4/ the minimum value at which convergence could be reached
was 3, while it was 4 for Benchmark 111 calculations /~ 5/.



invest test), there is ic
ion time, to the increase of the 1

. Of

some axia

and the results

(see F

the 1

deo€!nds on the vas

ha

the number of

the XDE1

the axial subdivis

are solved

increassections,

are more af

course, the choice

the ent case of Benchmark 111 ca

tions /3, a value XDE1=10 could assumed, se of

smaller va of Dc with re to Benchmark 11 ca~~~~.U~~U!H~

Similar considerations are val for the s XDE2,

fining the axial section subdivision in the reg spacer

effect on Nusselt numbers (see 3.1, 19th and /2/),

in case that the spacer effect is taken into account.

the choice of the values XDE2 also s on the distri-

bution of the spacer blockages in adjacent f zones. Fur

more larger values of XDE2 can be as a

cription of the pin temperature profi near spacers is not

required. For example, for Benchmark 111, XDE2 (i.e. the

maximum allowed value; see /2/) was assumed the part

(since the pin temperatures had to be computed only at axial

levels far from the spacers, in the rough part), while XDE2=2

was assumed for the smooth part (the axial level was in the

spacer region, for the smooth part) •

5.3 Central subchannel subdivision

The modification described in Par.3.2.4 allowed investigating

the effects of the central subchannel subdivision. As it could

be forseen, in case that the central subchannel ion is

not performed (IDIV1=2, IDIV2=1, see Par.4.2.2) the fect

is that the central subchannel pin temperatures are equal to

the average values of the pin temperatures obtained with the

central subchannel calculation. The effect on the calculation

time, for case 1 of Benchmark 11, is shown by Fig.11: the cal

culation time is normally less in case that the central sub

channel calculation is not performed, partly because a calcu

lation step is eliminated (see subroutine SUBBAL) and

because less convergence problems normally occur in this case

(however, there is an exception for XDE1=7.5). Anyway, for

those XDE1 values which can be assumed without considerably

affecting the results (i.e. up to XDE1=5t7.5 for the case of
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laminar calculations in
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t to

fects
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Since the re s for the invest nar

test not show any systematic d

cem~leI~a1~u:res in the corner in the wa channels

is certa a conauction in the az 1

as average values of

adjacent channe

) .

ion), the possibil

coefficients ~ = A

was introduced in

ied

this simpli

the indexied, together

it ends to be

'--HGu,.H""l atThe index NS1 of the

fied procedure starts to be

NS2 of the external channel at

must be provided in BL~CK DATA (see Par.3.3, C~MM~N BL~K

/MART2/ in /2/). If the simplified procedure has not to be

applied, NS1=NS2=O must be assumed /2/.

Moreover, correction factors were derived in /1/, to be used

for the Nusselt numbers and the dimens ess shroud tempera

tures in case that the described simplified procedure is used

for the K-values. These correction factors were obtained

"considering that the average wall temperatures in the whole

external channel (corner + wall), corresponding to the assump

tion of equal K/D 2 values for corner and wall channels, are

smaller than those corresponding to the real K/0 2 values, be

cause the wall temperatures must be averaged by means of the

wetted perimeters" (cited from /1/, Par.4.6.3). Usino these

correction factors a verV good aqreement was obtained in /1/

between measured and computed temperatures for the external

channels, also.

However, this so good agreement was only the result of coin

cidences, as shown with a more correct analysis performed

later /10,17/. In particular it was thought that, if the

measured pin temperatures are practically equal for wall

and corner channel channels (due to conduction in the azi

muthaI direction in the rods) their bulk temperatures cannot

differ very much from each other, also, and thus, at least

for the investigated test, it is better not to use any

correction factor for Nusselt numbers and dimensionless

*) In case of equal values for the bulk t~nperatures and for
the coefficients K/D2, the friction pressure drops are
equal for both corner and wall channels.
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es '* Thus the ion ISIMPL was intro-

in the

orocedlu.r e descr

s, allows to

in Par.4.6.2 /1 wi

the s lified

correct

the Nusselt the

(case ISIMPL=1, see

136 in /2j) •

Vo.L.H'''''H",ionless

S"'L"l-UnJ.·'

temperatures

note of

Furthermore, the ion IEXAV was also in the code,

al the assumption of an average rod temperature value

and an average shroud temperature value for all external chan-

nels, instead of the single subchannel values (case IEXAV=2,

see C~~1~N BL~CK /EXAVTW/, 2nd note of Pag 162 in /2/>.

Calculations performed at GA have shown that, if IEXAV=2 is

assumed, no convergence problems occur for laminar calculations,

also in case that the simplified procedure described Par.4.6 of

/1/ is not applied. This should confirm the expectation that

the convergence problems occurring in case of laminar flow

are due to the fact that conduction effects are neglected in

the present versions of the code.

In conclusion for laminar calculations with SAGAP~ or SAGAP~-2

we suggest to assume:

ISIMPL = 1

IEXAV = 2

NS1 = NS2 = 0,

except for the case of unequally heated rods, where better re

sults can probably be obtained with:

ISIMPL =1

IEXAV = 1

NS1 = index of the first external channel

NS2 = index of the last external channeL
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Fig.1: Definition of a "fictitious bundle" (1!12th ) in the first phase
of an optimazation process for the design of the shroud dimensions
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Fig.2: Geometrie parameters needed by SAGAP0 as input information for
the definition of the flow section geometry (for the symbology
see also Par.3.1 in /2/).
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Fig.5a: Subdivision into subchannels and Dortions of wall subchannels.
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central subchannels

SUbdivision of the
wall subchannels

1.st step 2.nd step
subdivision of the corner
channels

Fig.5b: SUbdivision into sub-subchannels.
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Fig.6: "ivIixing areas" for Eqn.14

* f'= center 0 gravlty
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Fig.9: Effect of various parameters on the pin temperature of a wall channel
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C ••••••• ~ •••••••••••••••••••••••••••••••••••••••••••••• ••••••••••• J00008
C 0000')3
C l-RE,I\[l\NC wR ITE INPUT Ln t 000')1)9

C 000109
TIMEO=O. 000009
T I ~ E1 = l E n n lf~ ECl,)0 0 t) 0 ')
DI5100=-1.E07 100009
PEXOUT=O.. 000':))9
COlA"1B=l.. O())O'J9
SQ3=SQRT{3.) 000009
PIG=3 .. 141593 JOOO'J'j

1 FORMAHEI10) JaC009
2 F(~MAT(EF10.51 JOOOlO

REAC{5t1)NEXCC~,NRn)S,l\srACT,NSPAC lOGG10
REA[{5t2IC,l,Z~C,RH,FLEN,~CIAM 001110
REA[(5,2IAREF8.RMIST~,RII\T,RTIP )00010
RE AC« 5 , 1 IN DV, INS EL , '1 SC:; Cl C, NSC 3 0 ~ , \l SC 3 [) A a~)) n1 )
REAC«5,2.?E,PEl,TE,TEl,~fL(~,XLDMl 000010
REAO(S,2JCOlAMA 000010
RE AC ( 5. U I pt" ST, I PA END. IRE AC 1 ::)) 0)1 ')
REACIS,2JSTlEN 000010
RE A( ( S t 1 ) IN 0 PR, IN 0 Y (, '}(J J 1)
REAC(5,lJ NEXPR1,NEXPR JOn~11

R EAC ( 5, 1) N E XT \; T, NEX H~ Q) I) 0 1 1
R E AC« 5, 1 I IT CM. 11 ( 1 , n C 2 , 1'1 SL 8 0 H (l CJ 0 0 1 i
REACl5,2)XDE1,XOE2 J)0011
RE~[(5,2)FT.PCCRR,CTU1.CIU2,CTU3 000011
REAC(5,2ITWPRCF,TCPRCf 000011
REA[{5,2ICI~l,CCUT 000)11
RE Jl C l'5 , 2 ) f AR El ('1 CI 0011
READ(S,ZITWTIPA,T3TIPA,lEPIPA '))0'111
I f ( NE XP RT• GT • 0 ) RE AC{ 5 , 2 l 1 xExP R( I l , DE X( I: ) , I = 1 , f1[ XPR Tl, D E XC! j T r l ') 0 1 1
If(NEXT~T.GT.OIREAC(5,21(XEXTk( II,I=I,~EXTWll J~0012

If(~OVQ.EQ.l)GCTC 3 000012
RU C( 5 , 2 )( QP IN ( I ) , 1= 1 , 1\ R( J S 1 00 ,) 0 1 2
GOTe 5 )~0012

3 REACIS,2)QPlf\{1J 000012
oe 4 l=l,NRODS 000012

4 QPIN(I)=CPIN(l) )~OOI2

5 CCNTINUE 000012
REAC«5,2ICllf\MT 000012
IFCINCQ.EQ.1IG010 3ACO J00012
00 3199 l=l,NRCDS 0000L3

3199 QPINIII=CPIN(II/4.186 000013
QlINM1='lINM1/4.136 aGJ01]



80 ce
RE [ 5 i:JRH, DPPC;

F DPRCT.EJ 0 GOlD? 6
(AC 5.2) X2co~QIII.I=1,~CPq~TJ

REAO 5,1)t'.QDCO
RE CIS,4(J,Ol ( ODCOII,JJ.J=l,f\t;;JCOJ,I=I,,'\jOPRQT)
f'E~O 5,40)1 IQL'JCO(I,JI,J=l,f\QJCCJ,I=I,NDPRQTJ ')

4 1 Fe MATftE12.5 0000
3 16 CCf\TINUE uca

HEAlEN=PlEN 2 +PLEN(4)+Pl[f\{6J 00na 4
TOTLEN=PlEN(II+FL[N(3J+PLEf\(51+PL~NI11+HEALcN 000014
I F ( A8 S I PU? E1- 1 • I • GT .. 1 • [ - C5 IC U\l =) • 'J 0 0 0
PEO=PEI 0001
If« INOPR.C(J.lIGCfO ·S"2S 0000
PE=PE/O.S80665 0000
PCü=PEI/C.9806f5 J000 4

652q CCNTINUE 000014
PEBAR=PE*O.J80f65 000015
PEDRAR=PEO*O.S8C665 OJO) 5
WRITE(6.6INRODS,PEO,PEC2tR,TEl,~FLUW,C.Z.ZhC.TOTlEN.HEAlEN 000015

6 FCRM/\T( IH1, 5X, 14,' ROO~ flUNJLE :'115X,1 INLEr PRESSUR[=I ,Fl'),I,' KG»0015
l/SC:CM ='.FIC.7,1 PtR~1 O'JOOl5
1 15X,'Yf\lU TE'-lPEFflTUR[=',flJ .. 2,· C'/5X,erOTAl l"lASS FUHI RATEOOOJ15
2=',Fl2.t,' G/3EC'/1!5X.'CEC!"1ETRY n 2J DEGRcES: 'li OJ0015
3 5X,'RCD il!TCH=',FIIJ.6,' CM'/J00'115
45X,IorSTANCE CEf"TER CF RC[ - EX~GCiJ'\L H.'\ll=',FIO.6,' U1 ' 15X, JO')015
5'ZWC=',FIO.7,1 (/"//5X, 300015
6 ITOT4l LENGTI-=',rlC.~,' Ct>l'/5X,'HU\TEC lENCTH=',FI0.3.' C'''1'/5X, 000016
7 1 lENGTHAND VOl .. CIAf\'1EIERS FOR THE EXISTINC PARTS :') :):)0016

00 C,72 IPA=1.7 J00016
IHPlEN(ItlA) .. U: .. l.E-(t:)CCTC 972 ooon16
WRITE(bt'S71)IP~tPlEI\(IP!'),IPA,\icrVH IP/U ') Cl i) Cl 16

971 F [R MAT ( 5 Xt I L l: ~' GT """ ( I , I 1 , ' ) = I t F 10.6 t' c ~~, • 5 X. • VO l. DI '\ M. ( I t I 1 t' I =I. 000 i) 16
1 FIC.6,' (IV') 010016

972 CCNTINUE 010016
IfIPlENI4J.GT.l.E-C6) J00016

*WRITEI6,S80IRH. 000016
1 C16 ,C 17 , ( 4 f ( ':: , (U , CI, 02, 03 , (J 6, (] 7 ,() 8 • 09 :) 00 J 1 1
2,CIC,CII,C13.C14,J15 000017

980 FCRMATIIIIIII/5X,lhEIG~TCF RGGGHi~SS (RH) =I,FS.5,' C~'15X, 000017
l'GIH+1 * (R.2-RlI/R:-l,,\:1,Ff.~.·)*~\I,F6.3,' I (PR**·,F6.3.'*({Tw+-273.000017
2 1 5 I I (T ß" 2 7 3 • 1 5 ) I '* *' , fc .:3 , ' l = , /5 XI f = , • F 6. 3, '* (H1'4+ ) ~,,~d • F tJ • 3. ' +- , • F 9.3 'J 00:) 1 7
3,'/IHh+I**' ,f-{::..31115X. 0)0017
5 'RIH+)=(f, F6.3,'+-', F7 .. 1.'/IH~+I'**', F6.3,')**', F6.3,'+',F6.3, 000011
6 ' *L /\ ( RH! ( • f f 6 '" 3 • • * ( f\ 0- R1 ) ) , / 1 2 X• • ... ' ,F 6 .. J , ~ / i Hw+) **' , F b • J, • t,< ( I T }v + 27 [) ;) 00 11
73.1t) /llBl+273.16)-1)**',Ft..~I/) )00-)17

\"i R 11 E ( 6 , 372 1 ) J L I f\ ~H , ( I , G: F I f\ ( I I , 1:= I ,'~ r< 0 J S ) 0) I} I) 1 7
3727 FCRMATi//5X,'M~XI~U~ fCwER FR(~ TiE LINER:'IJ5X,'Q ~AX=',E15.5, )00018

1 I CAl/SEC*CM' 000J18
2 1J15X,'i"1AXP1I jCJ FCIIEH Cf RCJS:'//15X,'C MAXi',I4,'l=',E15.5,W0018
3 'CAl/SEC*C/,') I J00018

IfINJPRC1.EQ.CIGCIC 37~C 000018
WRITE{6.3131) 000018

3731 fCRMATIIJ5X,'CUEFFICIEi\TS FeR TH: PClYNCf>/lAl PiWFIlES OF TdE ROD P000018
10l<.ER ( C TAKEr,J IH HE RECINNIf\G (JF TflE !\CTUAl PART I:'f) 100018

DO 3729 l=l,i\JP~QT 100018
3129 WRITEI6,372BIX2JPPQiIJ.i'CCOiI 9 J),J:=1.NQCCC) 010013
1728 FCRI.AATU5X.'./IS FAR,.\S X =1,FICl.6,' C"1 :'/(5X.8EI5.5» ')00019

~RITE{6.3733) 000019
3 1 33 f ( Rr~ AT (J /5 X , ' CC EF r: I eIE (\ f S F0 P T HE P Cl YNJ '" I AL r R(] Fl LEU F TIi E LI NEq J 0 0 I) 1 9

1POwER ( J TAKEN AT HE ßECINNINC JF TH[ .ACTUAL PART ): 'n 000019
De 3732 I=l,f\ooR~T 100019

3732 WR. [ TE ( 6 • 3128 ) )(~ lJ P k r;; ( I ) • ( U lJ CC ( I ,J ) ,J = 1, i\J I~ JC UJ I) 0 0019
3730 CCNTINLE 000019

.......................................... _ ():)C)')lC)
))0019



2- l\ E
- 6 -

G AND C(~~ECTI(~S FC~ IhE Srl'NNElS o q

C

CA L NDEX NS[l,f\EXCef\, STi<,NST(T,nC;"HI
NSPER= SICT-NSH<

j-REHlINC 1/'iRITE INPGT [~H

". .. '* '@ CI." Cl 18 * '8 ..

) ,J=I,J} ,NS=l,NSTCll
) , J = 1 d I , NS=1 , ~ SIe Tl

I ,J= 1,21 ,K=l ,NSPE~~}
I.J=1,21,K=1,NSPERI

c
c
c
c
c

IF(NSPACT.El.OIGCTJ 7
REA 0 ( 5 , 2 1\"1 SPO, (DIS T( I ) • I = 1 ,f'J S° AC T)
Wf< Il E ( 6 • <; 70 I ;,... S pe. ( I , CIS T ( I I • 1= 1 ,,\I;? 'I CTl

970 FCRMA1(1/5X,'SPACERS (AT 20 OEGREtSI:'/15X.'wIiJTH=·,FlO.6,·
1ISX,'0ISTI'. 12,' )=',FIC.3, I Cf</.Ill
WRITE(6,83)
OC 11 I=l,i~SP.I\CT

REACI5.~8ll«GRI(NS.~,1

REAC(S,S8111IGRIPINS,J,I
REACIS,S81J IIGRIIIK,J,]
REA[(S,<;81)(IGRI2{K,J, 1

11 CCNTINUE
RE A0 «5 , <; E2 ) «( I RGR I INS, J } ,J = 1, 3 I • t'l S=1 , Nsr ( T I

981 f(R~AT(tFIO.51

CJS2 FCRf'JAIUIIOI
7 CCNIINUE

RU[,(5,Z)TIMEPU
REAC 15,1) IPUNCH

4-CORRECTICN OF ThE INPll [1~ENSI(~5 TC T~KE I~TO ACCOUNT THE
THERMAL EXPA~SICN OF T~E EUNDlE STRUCTURE

5Pl ENG= C..
~~EXPRP=C

NEXTWP=C
NSPACP=C
NCPPCP=O
DU 882 IPA=1,7
EXFTBP=l.+EXPCUlfl D Ipe I IP"! )*( TßP ll"'A( [P~d-20 .. )
EXFTWT=l .. +[XPCCITl'iTJPI I IPA) l'*IHHI?AIIPA)-20.»
IF(NEXPR(IP\).E~.JIC[l[ 1010
IEXPRl=NEXPRP+1
IEXPk2=t\EXPRP+NEXPfU IPAl
NEXPRP=IEXPR2
00 l:Og IEXPR=!EXPRl,IEXPR2

IG09 XEXPR(IEXPRI=IXEXPR(IEXPRI-SPlE~01*~XFTJP

1010 CCNTINUE
IFCN[XT~(IPA).EC.OIGCT( le12
I EX HH =f\EXT :~P+ 1
IEXT~2=NEXTWP+NEXTw(IFAl

NEXn~p=IEXTW2

DO 1011 IEXTW=[EXT~1,IEXT~2

L0 1 1 XEXT \~ ( I EXT ~~ I = ( x[ 1( T '<'i I I EX T~ )- SP LE f\ C I * C)( Fnn
1012 CCNlINUE

I F ( 1\ 0 PR r.: ( I 0 i~ l • t: rJ • J ) GCH 1C1 '5
[ CPR ,)1= ~ [J PR, 6: P ... i
IePRQ2=f\CPRCP+NilORC( 1Ft I
NDPRr:p= IC D RQ2
DC 101'* IDPRG:=IC?RH,ICPFr,:2
(ALL r~ODFQDIIDPRc:,~;JrRCT,[\cnC(,QCCiJ,[fT.H)
(All MOCFQD( ICPRIJ,NJPRCT,I\CJCC,CL.JC'], XFT\~TI

IG14 X2DPQ( [DP~QI=(X20pg\:(IiJFR(J-SFlE'J)l* )(FT\I-;T

1015 CCNTINUE
IF(NSP/J(II-"'.[C .. OIGCTf E82
I SPAC1=1+"JSPAcr
ISPA(2=f\SPACP+t\SD.,\( [Pß)
NSP4CF= I SPAC2

0(' ')20
o O)ZJ
)')0')2J
üornZJ

Ci-1 ' I I ) 0 Cl:> 2 1
OJ002
00002
10,102
')0002
):):))2

~)()!J021

000021
J00021
JO')02
ClO,)022
~)(i 0122
J00022
OOOf)Z2
oe, 0022
)')0022
000022
000')22
JO J022
OOY122
00U023
Cl )(1123
J ')00 23
')00023
000023
100,)23
lü) 02 3
ce Jl2J
OUOJ23
))0023
DDJ024
))0024
OD U,2/1
) C"JO 2 i ,

)(""\)024

'}OOJ24
))]1]24

C) J;)!) ') 4
JC))24
)~l:))24

nUO)Z5
J ):)(125

J,))025
(nlO()25
J J )J? 5
:1))')25
O~:)O)2j

:' ) ,) I) 2 5
0,)0)25
'J"CJCl25
Je ),126
(1 ,Je )2 I)

J );)026

C' () 0:' ~ 6
:)CJJü26



WS? IPA)=VlSPO"'Cl .. +;::XP(C TBTIPA IP~) ;$: TBTIPA(IPA)-20 .. 1
De 881 SPAC=ISPAC dSPAC2

881 DI~1(I5PAC =(OI~T(ISPA(I-SFLE~(I*EXFSP
882 SPlENO=SPLE~O+PlEN(IPAJ

E XC CN= NEXCO r,~

00 933 IPA=1,7
EXFP)P=l .. +EXPCLlTEPIPt (IPA) 1*(TBP IPIH IP/\)-20"l
EXFTWT ~1.+EXPCC(TWTIPtIIPAJl*(TWTIPA(IPAJ-20 .. 1
PlENO( IPßI=PLUH IPA)
PLE~(IPAI=PLENIIPAI·EXFTEP

RMISTid IPAI=RMISHd IPAI*EXFTI-IT
RINT CIPAI=RINT (IPAI*EXFT~T

RTIP cl IPß}=RTIP {IPAI*EXFT\-,T
vC I/u'H Ir,., I=V[I'IM( I PI'lI*EXFHT
C I P A( I PA) = C~« 1 .. + EXPC C ( I e1 I PA ( I PA J I*nH I PA ( I PA 1- 20. 1 )
lIPA( IPll)=(l+fl«(UJ:l<C*SC;3~C.,)I*EXFnH>-EXCCN*CIPA(IP"I *5Q3*0,,5

S83 CCN1INUE
SPlEf\=O.
NEXPRP=C
NSP,bCP=C
NDPRCP=C
00 885 IP4=1,7
[F(NEXPR(IPi\}.f::f~.1IG[JT( 1020
IEXPRl=f\EXPf.~P+l

IEXPR2=f\EXPRP+N[XPR(IP~1

NEXF~P=IEXPR2

00 1019 IEXPR=IEXPR1,lfXPR2
1019 XEXPR{ 1EXpr..(I=XEXPRIIEXPRI+SPlEN
1)20 CCl\TII\UE

IF(NSP~((IDAJ.[Q.J)G01( EES
ISPACl=l+NSPACP
ISPAC2=~SPACF+~SP~C(IPtJ

NSPACP=ISPAC2
Je 884 ISPAC=ISPAC1,ISFAC2

884 DIST(IS?4C}=DIS1(ISPACI+SFl~N

885 SPlEN=SPlEN+PlENIIPAJ
00 8 IPA=!,?
I F « P l E N( 8- I PA I .. l E• 1 • E- Cb J GC T(J '3
IPAr-;=3-1PA
GeTe q

8 CCI\HNLE
q CCNTINUE

PLEI\(IPAMI=SPlEN
IPAl=IPAIV-l
oe 10 IP A." 1 , [PU
P lE 1\ ( I PA 1= P l E N0 ( I ?~ ) *( 1 ... EXpe C I LU I j.JA ( I PA I ) * I Hn I PA ( I P J\ ) - 2 0 • I )
PL EN ( I PA,.., 1= P l E r~ I I j:,A~ 1- F l Et\ (.I PA I

1O CCNTINLE
00 e86 I PA= 3 , 5
IFIPlFNIIPA).LE .. l.E-(clGClC 82(;
RH I PA ( I P A- 2 1= RH*{! .... EX P CC (T WT I P A{ I;> All *(TWT I PA ( I PA 1- 20 .. ) I

886 CCNTlNLE
SPLEN=O ..
i\JOTWP=O
00 1013 IPJ\=1,1
IFINDPRC(IPAI'OEC.OIGCTC 1(17
ILPRQ1=!\[;PR'P+l
IOPRQ2=I\CPRQP+NCPilQ( 1Pn
NDPRQP=IC?RQ2
00 1016 'CPR~=[CPRG1,I[P~C2

1016 X20PRQ( ID1)R,)J =X2DP~CI HilFe; J '-SPLEN
X2CPRQ(ICPRJ2)=X2D0qC(ICP~~21*1.1

1017 CCNTINUE
IFINEXThIIPAI"EC'OO)GCTC 1022
I[xTWl=~El(TwP+l

IEXTW2=NEXThP+N[XT~(IFAl

aJ0026
')0 'J026
000026
000026
000026
)00021
000027
::)0027
0)0027
000027
OU0027
)00;)27
000027
JJ()OZ7
(10027
000028
000028
000028
0:'\0028
:>00023
1'00028
000128
J00028
C;JC! )28
)00028
000029
J00029
000029
000029
000029
000029
')00027
000'129
000029
000)29
o J0030
000')30
rJOJ 30
0)0030
')0003')
J00030
J00030
000030
():)I)030
800030
oJO')) 1
J00031
J:),)i)31
)00031
000031
000031
:))0031
')0)031
000031
000031
000032
000032
0)0032
000032
000032
000032
000032
100032
,)00032
000:132
0(0)33



c
c
C
C
C

EXTWP= EXT 2
DO 102 lEX W=IEXT IEX1~2

1 21 E TW IEXTW =XEXT~IIEX +SPlEN
l022 ce T NUE
10 3 SPlEtj=SPLEN+PlENI P:\}

UNHlE=PLENCll+PlEN(3)

5-REARRANGEMENT OF ThC CEC~ETRIC ßX!AL JATA IF THE CALCULATln~ DO[S
NCT START AT T1-[ ßUlWlE II\lET

ISTßI\\=l
SPlHj=O ..
IPASTl=IP~ST-l

NEXPRS=O
,~EXHjS=C

NSPACS=O
\jDPF<QS=C
IFIIPASll .. F:l .. OIGOTC 2122
DC 6532 IPA=l,IP;\STl
SPlEN=SFlEN+PLENlIPAI
PlENIIPI'JI=O.
NE XPRT = 1\ EX P~T-~! EX D r~ I I P ,~ }
NEXPRS=NEXPRS+NEXPRIIP~1

~~ EXPR ( I PA) = 0
NEXTwT=f\EX TWT-NE'(n~ ( I F ii)

~EXIWS=NEXTWS+NEXTWIIPtl

NEXTW( IPt'!)=ü
NCPRQT=\\DPRQT-NCPRCllrtl
NCPRQS=I\DPRQS+~OPRC(IPAI

NCPR~1( I Pßl=O
NSP AC T= N5PAC 1 -1\ SPli C( I P t I
NSPAC S= l\ SPAC S+ 1\ SPI\ C ( I Pt I

NSP1\( { [P A I = 0
6 53 2 ce N T HI UE

[ F ( I PA ST "E () .4 J".. RE F P, =t REF [1 '" ( Pl [1\ (4 I + V L [j\J - ') TL E,'l) / PlU I { 4 I
2222 CCNTINUE

PlEN(IPASTJ=PL[N(I?~STI+SflEN-STLE~

IF(ABS(STLEN-SPLENI.Gl.l.E-04IIST~IN=2

IF(NEXPRT.EQ.OIGOTC t~~4

IEXPRl=C
00 eS33 I=l,NEXPRT
XEXPR(!)=XEXPR(!+NEXPRS)-STlEN
I f( XE Xr K( I ) "U: ,,0. I I EXPF 1 = IE X0 PI H

6533 PEX(Ij=PEX( HNEXPRSI
NE Xpp, ( Ir AST I = NE XPR ( I PAS T ) - EX FR 1

NEXPP1=I\EXPR1-IEXDRl
lf(NEXoRT.EQ.OIGOTO t~~4

[Je <;73 l=l,!~EXPln

XEXPR {I }=XE XPR ( [+ I EXPR] I
973 PEX(II=PEX(I+IEXPRll

6534 ce NT H.JU E
IF(NEXT~T .. [O.OIGOTO t~3t

IEXTW1=O
oe t535 I=l,NExT~r

)( E XT~ ( I I = X[ )( TI; I I +- ~,! EXh S ) - ST l E !\
If(XFXHd II.LF:.O.1 IEXTid=IEXT~l+-l

6535 ce!'. TINUE
t~Exnl{ IP,oST )=NtxTld IP,IIST }-It:xn 1
NEXTkT=NEXT~T-IEXTWl

IF(NEXT~T.EJ.CIGOTn {~:t

Je S74 I=l,NEXTI"T
9 14 XExhJl I I~ XE )( T'" { I + I EXH. 1 I

0536 CCNTINUE
IF{~DPP'T .. EQ.OIGOfJ C53S
ICPRQ1=C

:::luOOJ3
00033

0[1)033
0(' 033
0001133
000033
)(1')033
)~1{)033

)00033
0)0034
OJ0034
QJ l)() 34
J00034
000034
0(' [) 134
))f)iJ34

JJOJ34
)" 0 Q 34
J:) 0 ,)34
000035
'JJ0035
)00135
0')0035
OOQ035
000035
)Ci:) D3 5
0·')0035
)00:"135
001)035
0000"6
)00036
C00036
)'0036
))0')36
'))0036
OClJrl36
Cl00036
J00036
'JO i) J3 6
OD 003 7
))0037
J)(),J3 7
DOQ037
'),)0037
JOOO?7
800057
J}I)037
1)00037
JJon37
~O'V)38

)jOD33
}00138
)00')38
Oe)!)33
}:"(, 1313
Je ;))38

J 'I ,-j 'll3
):)')038

CYH1 03'i
::'J003()
0)0')39
};}:):)39

00') )39
000039·
)U 003 9
)01)1)39



J (1

OJ0J42
J ') 1:)4;:'

,1+1 = 100,142
oe,'\J43

NSP~CS.GT.OJGRllNS,J,NSPACT)J)43
010)43
:1 )())43
IC!ChJ43

C JovtJ
CI,):) 43
)C, on43
JO CJ () tt3
8)))43
JO')O/+4
0),),)44
0)0·')44
00)044
('00')44
J:YhV.4
('(I J )44
JOOJ44
1J)')44
CJJ0044
)J)04j
(100145
0:)0045
r ClJ()4c;
)00045
~JC! rW4 5
10 [) )45
J0004')
J J 'V)!t5
(J JOc)45
h' 1J4,)
1]()J46
00004<'>

ereo
es C:JCO

(~c Cf]

[PRQ cecn I

p es

SPA S
~PACS EC.O;JTO 653'3

00=C ~ NSFA(S -sr E

eR JJ=GRI(f\S, 11
GRI NS J=GRIIJ\S,J ,I+NSPACSJ
.!\f\j;) I.CE.!\SPACS .H40. NSiJI\CS.GT .. :)GRfL~S

.. AND.

SP AC T GR I P ( f\! S ,,j , r 1= GKIF I .~ S , J , I + NS P ..~ es)

NSTR OR. [.CT.~SDACTJGnrn20Ca

TR,
=1 ,2

I } = GRI 1 l'~ S ~\ , J , H NS F ,\ es)
I ==GRI2INSh,J I+NSFACS

S= NSTcr
=1 3

CS.GT.)
• E .. NSiJ '\CT
.. E .. NSPACT

00
G

=GR CO
F L. E ..

(ON N E
F S E
Sh=NS-N

00 20 2
GR NS
GR 2 NSII
CON INUE
C(I\T !JE
NS?AC(IPAST)=~SPAC{lPASTl-ISP~CI

NSPACT= SPACT-ISPACI
NSP 00= SPACTtl

F sr AC 1 • GT.. NSPA () 0 l 1\ S PA ( 0 == r s PA Cl
I NSPACT EQ 0 ~ANO. ISPßCI.E~ .. ClGOTJ 6533

00 9 7 !=l,NsoAOO
oe 2003 1\5= NSTC
00 2004 J=1,3

f ISP Cl.GT"O GRIO)=GRI II\S,J 9 [

F .. LE .. NSD,c\CT lGRl'~S,J, I ):::::GRI 11\5,J, 1+1 SPACU
f " GE SP ACl. M, J " I 5P ACl .. Gr .. C • A'J') " I .. L F. " NS PA CT) GP I { \~ S , J , I +- l} =

=GRlüO
IF I GLISPACI "AND. ISD,~Cl.GT.. C .ll'n. I.GLf\,JSPACTlGRIUJS,J,

~NSPACT+ll=GRIOO

If I.GT.NSPACTlGC1C 2C(4
GR I P (N S d f I l = Gk I P Pl S , J , I -I- I SPt\ C 1 I
CCNIINIJE
IF NS .. lE NSTR .GR. LGLJ\SP,'CTICCfl 2003
NSVi= ~J S- " STR
00 2005 =1,2
GR IINSW,J,IJ=GRIIINSk,J,I+ISPACl

zoo

20C4

2Q 2
20')0
653



RT P 4 -R

s=0 S1

FCCFLA=/\LCC
2 >lP G""PLE

S J S P 1

c s

• [-)6

+PLt~J 4 PLEN6
FN 3
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I PA= 1
IPt\=2
IPA=1
IPA=4
IPA=5
IP."!,=/',
IPA=1

INITIAL UNr[AlfJ S crTH 0\~T

FIRST HEATE) SrvCH1Th PtlRT
FIRST UNrEAlEC FCLGH PAFT
PO~GH PART I~EßTEC CR U~H~ATEJI

LAST UNHEATED FCLGH P~Rl

~ECJND rEAlED 5~((TY PAPT
LAST U'JHU\TEC S:-I\(C1Ii P~RT

D0 8~ 8 dIP 1\= 1 , 7
I F ( I PA .. [C .. I P AE~.~ Ct 1 I ::: ALL T ~J PJJ rl { N ST ,I T , iJ STt , T ( LI, P ( L 1 , PPA;; { L 1 ,

*T Ei 'f PE J • PE 0 ~ 1'\ k ~ I N)P P • i'J H C ~. , r FA. I P\ Ern •2 • Xl A~ 1 • X( LI ~ S TL Eh ::.. '42 I
IF(PLEN(IPAI .. LE.l .. E-CtIGCTC tES3



00052
SDlEN(=S~LEN-srLE~ lC)053

C=C A (J0053
Z= IP ,)00)53
0= C )00053
LENGT =PL[~4 'J000')3

AM =X A 1 OD0153
SPAC=N5P~C PA) 001053
DEl=XDEl IPA) 0)8051

NOE2=XOE2 [PA 000053
FREL=FAREL IP I 0(0)53
Z CIPI\=ZWC *ll.+[XPCC TEPIP/\lPA )*(TBPIPA{[PA)-20.)I )00054
POBAR= O*C.S80tt5 JOJJj4
irJR TE (lt'191l TITLElIdl=L~ld=lp4},C.~,Z:,~CIPA,D,LEf\;GTH,\1Sflt\c.r).pl)0001'54

1,POE R 010154
SI 9 eR j\<1 T ( 1H1 • 5 X , "t /~ 9 I / I 5 X • f C= , , F 10 .6 " C"P / 5 X • I 1= • , F 10 • 6,' 01' /5 X • 0'] 01 54

• lW C= ,F 10 .. 6 " CM. '! 5 X • ' \j [ l. CI A'-1 ET E r<. = I • F 10 • 6,' C ''1 I / 5 X, 'D /l. RT L [!'j GT0 0 0 i) 5 4
2 H= e F 10 " 5, j [,"1 I 1/5 X , $ f', U I'v [1 ER (r:; p \ C t: ~ S= I , [3 I 1 5 X , tINLET C,FFH T I J ~.J SJO 0 '1 54
3 • 5X~'I:\IU:T L\H'.:?ACE 1EHERATLPr:=·tF7.;~,' C'/5><,'Ii~L[T I)RESSURE='0001S4
4,FIO,,7,' i<G/S;;)Cf'': =',FIC.7,· B,~!{S'J/lln ::>00054

If MSPAC.EQ.OJGCTC S68 300054
SPAC2=ISPAC+MSPAC-l )00055

WRI T E ( 6 t S 6 7 ) ~ S P ( I D,\ ) I I ] I C ] S T ( [ J Ir", I sr> !\C ~ I S P AC 2 ) ) (I D) 5 5
967 r OR~~AT 5X. I S PAC ER S (0 151 MK [S ',RE E V,HUHE D FRml THE 8UNDL E El'JTRAl\lC1J0055

leE) :'/5x 'WIDTH=',flC.6,' Cf'Hj(5X,'DIST('d2,'I=',FllJ.1,' (M'») )J0055
I<jRITE(6.83) 000U55

S68 CCNTINLE ~00155

C2=(*0.5 OJ0055
E~1=CZ-2~CIPA*SC3 000055
XrlJ=HH 0)0)55
ODC=HHfLENGTH J0005S
SUR=PIG*O*lENGTH JOJJ56
I F { (P A .. EQ.. 5 ) [R HP l '" 2 D :::> ,) 0 ') 6
~CTO(qS3,9q4,9SJ,SS4.S~~,SS4,SS?),I~Ä 000)56

993 PlDHl=O. ~)005J

GOle q95 080)56
qq4 PlOHl= DlENrIP11/HE~l[~ 000056
~s~ CCNTINUE J00056

GOTOI9C;6,996,C;S7~<;C;7,SS7,SSc,C;Scl,IPA J~'J056

996 (RH=l 0)0056
CLASU8=1.JS76 100056
XMAXf'JU=1.6)00057
CHSlNU=2./3. OOO~57

GCTO 9e; 8 CWJ!S7
9S7 IRH=2 000057

ClASUß=l. J00057
XMAXNU=l. J00057
CHSlNU=.5 000057
RH=RHI Pß (I PA-2) 0)0157
WRITEl6,9gOJRH 000057

990 FCRMAT(1115X,'~EIGHT CF ~CUGHNESs=·,Fln.7,· C~'I/III 000057
S~Ü CONTINUE 1J0058

CC~ST=C~LSSIIRH) Oj0058
(HOT=O. 00005:3
00 Ci 9 2 [ =1 , 1\IR C0 S Cl '1 0;) 5 9
Ql r )=QP IN{ I) *PlCHl 0')0053

C;9Z QTCT=QTCT+Q ( I) ') )0158
C J00159
C ••••••••••••••••••••••••••••••••••••••••• ~ •••••••••••• ••••••••••• 1000~e

c OJO)58
C 8-SU8ROUTI~[S hEArr,TCT(EC,IN~U~, K~PC8R 000053
C 000059

CAll HEATIINSTCT.NSTR,I\SEl,f\EXCCr'\,If)'\} D::')()59
c: ALL TOT GE0 ( NS F. L , IJ, ( , Z , P I G, h~ E XC Ct\ • '~ 'W ') S • h Wf VI f\ , ZA • I: rH I PERl T , 0 ) 01 59

*RTIP(IPA) Jon059
QlIf\M=~l[~~T*PlCHl/PE~LT 000050



59

ClE"s s

:JEeile :JE.n[\lee[\, /.ITeIN "JSEl,NSTCT
LL KAPCOR ~SlC ~STP

9-DEFINlTHN Of H-E RECHt':': HEFE YJISTUFßED flUh IS
EVAlU TleN OF TrE SDACER :JARAMtT=RS

I) ')'1
0005''1

rOOOS9
;J 59

o 06')
10liOS)

DXSI =XOEST*OETC J 161
DXEND'= XCEEND *0 ET C )0 0 6 ,)
XSIARTIIJ=X(lJ.CXST ~ ObO
XENDIMSPAC+l)=XI11.lE~GT~-CXENC ~)0060

IMSPAC=ISPAC1.NSP~CS 00006J
IfUMSPAC.EQ.O .OR. IFfl.i\E.IP,\STl;iJTO 7101 JJO'06)
oe 70C2 NS=l,~STCT 000060
NP = NP I N INS) )0 [\ 0 6 ')
00 1002 J=l,NP )00061
00 7002 ~=l,NP 000061
I f { 1RG R I (N S , J ) .. EO .. J ;J IN I f\ S, fII } I EPSI SC p~ s, .~ , '4 5 P AC'" 1 1= GR I ( "1 S , J ,'~ SP\C Ti- J J,) () 01

+1) ))1)061
1002 C(~TINUE 000061
10e7 CCNTINJE 000061

HIIPA.EQ .. IPAST .. CR. II.EC.1IGeTiJ 7(09 )00061
00 1008 f\S=l,NSTOT 000061
NP=NPIN(NSJ JJ0061
DO 1eG8 J=l,NP ))0061
DO 7008 ~=l,NP 000062
I F I IR GR I I ~~ S , J I .. E(J " J PHI i\ S , r< ) I [P S ! SC ( NS , I\j , MS PA eH) =GR r ( \ IS, J, II - 1 I 0 J 0) 6 2

70C8 CCNlINUE 000062
10C9 C(~lINUE J00062

IFIMSPAC"EQ.OIGCIO 12 ))006?
JSP=MSPAC+ISPAC-l 010:)62
IPAfO=l 000062
00 4430 (=!SPAC,JSP 001062
11SPAC=I-ISPAC+l 000062
IPAfD=IPAFO+l 0J0062
XSTART( IPAFD)=DISTII )+C)(~1+~S?IIC>AI*'O.5 )00063
XENCI I PA f D- 1 1= lJI S T( [ 1-\\ SPlI °/\ I*0 • 5- J X::: >IJ rJ) 0 I) 6 3
PGDPT(llSPACI=O. )00J63
EPSIT(I1S DAC)=O.. )00063
oe 5601 NS=1,NSIGT (00J63
PGOPCIN~,llSPACJ=O. OJOJu3
EPSICINS,11SPAC}=J. )00]6]
NP=NPINlt\SI 8J')Gb3
00 5600 J=l,NP 2)0063
DO 55G9 ~=l,NP 000063
IfIIRGRUNS,JI.NE .. JPII\I1\5,tJ)IGC11J 5'jQ9 DJOJ64
EPSISCII\S,M,llSDACI=GR)(I\S,J,!J )00064
PGCPSC {!\S,M, I1SPACI==GR IP (f\S,J. I) '}C0064
EPSI C INS , I 1 S P AC I=EP S l C 11\ ~ , I 1 S F i:X CI + E? S I SC! NS , tJ, I 1 S P AC I ,~ f\ SC H( :l S , MI D0 f) 0 6 4
PGDPC(NS,11SPACI=PGOP(INS,I1SPA(}+PGDPSC(NS,~,I1SPACI*4.~ASCH(NS, OJ0064

*M)/OEINSJ 300064
IF(NIYPII\SI.NE.2IGOTC 56C( 000064
NSW=NS-NSTR OJ0064
EPSWCINSW,M,l,IlSPAC)=(kIlINS~,~,II$EPSISC(NS,M,llSPACI 0(0064
EPS HC {N SW,M ,2 , I 1 S PAC I;:: (; i~ I 2 ( l\ SW" /J, I ) 0): EPSI sc ( l\ S, 1"1, I 1 S P AC I J J):J 6 4
GOTe 56CC 000065

55qq CCNTINUE OJ0065
5600 CCN1INUE JOJ065

EPSIT{IlSDACI=EPSIT{IlSP/lCI+EPSICU~S,IlSPAC) nOJ065
P G0 PTl I 1 SP AC I = P GD PT( I 1 SP AC) + PG0pe ( NS, 11 SP/\ C) ) J 0 ) 65
EPSI C ( NS, 11 SP,\ C 1= EP S H If\ ~ , I 1SPA( ) Nd NS) D0,);J 6 5
PGDPC(NS9I1S?ACJ=PCOPC(\S,11SPAC)*JE(~SJ*O .. 25!AINSJ 100)65

5601 C(~lINLE )00065
EP S IT « I 1 SPA CJ.= EPS Ir { I 1SF/l eIl ASE ( () Ci Y)6 5
PGOPTI IlSP\CI=PGDPT( IlSPtC)$DETCH:0.?.. 51/\,SEC 00))6')
CSpT( I lSPACJ=GRIFlJNl (P~ I 1 (I1SFACII ):)0066
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u := ~

C =CR
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NP
SP C =GkI L~ EPS SC

NE 2 GUTe S7S

CAII I Nr; EIN EX C(: N, rJ S cL. ~ STl-I • ,l STCT
*CTU2,UEIC.DETh,E~1)

(All (EWACO(NSC30C,NSC~5,12,ALFACE,J9C2,A~C,DETC,MFL1W

DECw,MECI
CAll CEkACG(NSC30A,NS(3CA,?,AlFßCC,C,Z~,~AA

* OEAl,ME~l)

MA=~FlO~/AFJT

PR CV1= 1"'14* :JE rc T
PROV2=-1.E-J3*~A**2/S8C.tt5
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S64

lO-SUBROUTlNES INGE AND CE~~CC

S
NS

g 5 ceNTI UE
02 eON NUE

R TE 6,S60 I EPSIT I SPßC
60 F(RMAT I 5X ·SPACfF ~R

00 S6't S= ,!\JSTCT
NF=NPIN NS

R TE{6,S61INS , EPSIC f\'
*EPSISC(f\S,M rlSP C , =1

61 FORMAll 5X ·CH~f\f\EL f\R.
5X SLBCHANNELS 5X

2 Fl 1
1\ N E

TE 6,83
4430 (ON Ii'lU E

12 (CNTINUE

tl-INLET M~SS HCI'< RtlTES tf\[ TE'~r:;::RHdf~r:S ~[VALUATIm·j [)f- 0f\[SSJRE
UJSS i\f THE ButJlJLE I"lET

I F ( 1NLET. 1\ E.. 1) GO TJ4 Lj :3 ~

CAlL INLCCN(NSTCT,~FLC~,AT(T,lE,IRE~Dl,NSTR)

P I=PE
DOLt432 1=1,10
PO=PE+CINl*oRCV2/kHOIPI.1EI*O.5
IfIAßSCPO/PI-l.l.lC.l.E-(6IGCTC 4434

4432 PI=PO
WRITEC6,4433)PC,PI

4433 FO~MAT(lHl,5X,'CAlCJLAlI(NSTCPS
S TOP

4434 CCNTINUE
OPE=PO-PE
DPEeAR=DPE*ü.98C6tS
~RITEC6,1333JDPE,CPEHAF,(I~L

1 333 F ( RM AT« / I 11 30 ( • '*' );; 'j ;.: ,

* 'PRESSUkE lCSS OL[ Tl
*FIC .. 7,' E4RS C (Jt-,l=',f4 .. 2,')'/I)

If\LET=2
DPeßR(11=PEJBAR-PE9~R-[FEEßR

IFISTLEN.GT.1.E-06 OR. IFUNCh.[J.2IGOTO 4435
WRIIEI1,1)NSPACl
I F( 1\ SPtl CT• GT.0 ) WRI rE ( 1 ? 6 ( t: S {C IST ( [) 1= 1 ? 1\ SPAC T)

XLTCT=O.
WRITUl,lIIPA
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000079
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000079
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100J77
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SECT [

l~ CN CF tPltOLES

=1
p =p

BAR =PJ*C SEC665
i\jSEff)=
[ PbFIJ=

T =0"
PM=O.
lAM5DM=O.
REi''1=O ..
UM=O.
OEl} X=c.
T 1(=0
T BI (=0.
TBPC=O

NSTR1=NSTR+l
DU 5636 NS=NSTR1,NSTCT
NP=NPIN NSI
00 5636 =l,NP
Tl[NER(NS-NSTR,MJ=TSC~lII\S,~1

IFIISTAIN.EJ.Z)GOTC <78
00 56~4 JwC=1.2
TSC~Cl(I\S-NSTR,~,JwC)=lSC~l(I\S,W)

CCf\TINUE
005635 [=1.NSC90
DElTIO NS-NSTR,~,II=O.

TIC(NS-NS'R,~,[1=0.

C(I\TINUE
IF(IRH.NE.2IGOTC 4439
00 4438 NS=l,NSTCT
NF=NFINU\SJ
00'i438 ,,"=1,1',1>
HPlLSl(I\S,Mj=O.
HPlUS2 I\S,M)=O.

WAPJSd
'

=0.
QPlUSA(NS,f-1)=J.
P RB 1\ i, S , ~ I = 0
YDHlNS,f'J)=O.
YOOH NS,MI=O.
TE"1PB(NS,'V1}=TE
XMA SS5 ( i\ S,M ) = 1 •

OCHi'HNS,'ß)=ü.
OhAn~S,I',q=O.

T E'~ PB A { i\ S , '''1 I :::: 0 ..
MASS8(f\S,~I::::J.

TEMPTA{I\S,M}=O.
AMASST{I\S,M)=J.
ce TINUE
CCNTINLE
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Cf 78

5635
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0)0082
OO)f)j2
J~008.2

JC!!)Od2
OJ 0)·'32
),J1Jt32
O:J("J03~
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DJO,'I34
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00J184
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)OOJ84
000084
Ja Oi) 85
)C!OUS5
:))0085
:J 0 IJO R'j

)O()Oß5
,000085
JJ0085
)00085
)00085

EX fF Tl-L~ ~XI~L SEC 10k .::: IR Sco

K1= 1
NSUBDH:::O
((1\1 nWE
00 <N99 K=Kl,[~

-T E AX

TIME2=ZEIT(TI~E11

I F ( TIM E 2 • ;:; T .. r I ,v EP J I CAll 1 ~ l= U~, I l\ STJ T ,i\ ST f~ , T (:< I , P ( K) , t"J PAR (K ,
*T Ei f PE J ~ PE 0 RM;, IN DP R , f,A Fl C 1', , [ P1\, I) 'I "= \J J? 2. )( LA f'I 1, X( :< I +- STL Hl •.Q,. 742)

d503

ASEClA=ASEC
ClETOLI\=CEHH
l=K+1
H=XIL)-XIKI
QDt:V=O ..
ClLDEV=O.
INJP~Q=1

IF{NOPRC(IPAI.EC.)'GCTC ~IC2

XPRQ(ll=XIKI-saLENG
IF{XIU .. lTeX2DPRQlrCPF(,IICCTU leI;]
XPPU(2J=X2JPR(ICPqlJ-SDlE~G

INDPRQ=2
lOlrl XPRQ{INCPRQ+IJ=xILI-SPLEI\C

DU 3402 IQDEV-=ld~ur)RC

IQOEV1=IQDEV+1
IIQOEV=IDPRQ+I0DEV-l
00 3401 IQDCO=l,I\CCCC
Q0 CCI ( I CDCO I = () ce 0 ( I I iJO EV, 1(,; 0 ce I

3401 ,;)LDCOI (IQCCO)=:nccu{ I IC)[V, leece)
;,~ DEV= F Q DEVI Q0 CCI. NQ CC[ , XFF C ( I :;::; EV) • xPR ,~ I W J EV1 ) I + 'J 0 EV

Y. Ci 2 :) l 0 [V= Fee EV {QL C(C I , ~4 QC ce. x PR C ( I (~J :'V I , XPR) l [C OE V1 I ) + ) l DEV
CIJEV=QOEV/H
QL DEV= Q LDEV IH

3102 CONT INUE
QAl IN=',H If\M*ClCEV/L D~OI

00 6670 NS=NSTRl,NSTCJ
NP=NPINH.S)
00 6670 fot=l,NP

6ö7G OTIEAVI1\S-NSTR.~J:::J.

xM=(Xell+ XlK.lI*O.5+STli:f\
X"11- E=X:'1-LNHlE
IFINSUßDH.EQ.OlkRITElt.E~~41

a504 fC RMAT l I Hll
"iR I TEl 6, 151 K,H, xrv·

15 F 0 R;~ AT I 5 X.' A XI !\ L SEC T I C".J 1\ R • ' , I 't, ') X, fes ECTI GN
*I; HE I GI- T=' • F 1 r: • 5 .' I' J

H1=H/LENGTH
DElTAH=(CTCT*QDEV+QLIf\~*P~RlT*ClJ:Vj*HL/~FL[W

RHCl=P,HC(PIKJ ,nKI)
IFINSPAC1.EQ .. OJGOTC It
IFDIKI .. lLDISI(lSP/"CJ IGCle 4437
If(IPAFC.LE.MSPAC)IPtF[~IPAFD~l

IF(ISPAC.EQ.NS?ACTI~CT( 16
ISP,\C= ISPAC+l

.437 CO~TINUE

IF(X(ll.LT.:HST(lSP/\CI)CCTC U
DWSP( KJ=2
I1SPAC= ISPAC-II+l
WRlTE(6,4440IISPAC

4440 F(Rr>1AT(lHt,30X.'SP.!\CEP~R.·.r3,' IS r>i~ESENT',24('.'1I5X,21C I_I))

IFIK.EJ.1IGOTO 2501
GOTe 17

16 INDSP(Khl
SBMNS=~FlOW/ATOT*ASEC

Vi R Ir E { h .4441 J
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F M 5J 5X 2
C NT
00 "* STC T
S G NS = •

HI NS =0
P=NPI"J 1\5

00 444 1 ,M::: 1 NP
MSC~ NS.M =MSCH {!\S,~

lSCH NS~M}:::T5CH1(NS,~l

IFIK.GT.l .AI\O. I\SU3[~.EC.CJT~~IN~,~I=Tw(NS,~1

SIGMAI (1\$,/4)=0.
PHII{NS,MI=(l.
IF(NS.lE.NSTRIGCTO 444?
OC 4442 JWC=l,2
CHI(NS-NSTk?M,J~CI=l.

PSIINS-I\STR,M,JkC)=l.
4"142 CONTINUE
4443 CONT INUE
4444 CONTINUE

IIGlT=O
DElTAP=C.
T(ll=DEllAH/CP(P(KI,T(~1I?TIKI
PßT=P{KI
...... ........... .... - -$I ,. 'CI Je «11 .. '" 4& .

15-THE lcep ITCORR STARTS

oe 49 ITCORR=l.ITCM
IFCINOSP{KLEQ.2 .1\f\lO. ITCCF,R.GT.2IGOTO 45

lAM8DAIK)=L~Ml

ODDCT=u.
C*****CAlCUlATION OF CELTA? tN[ CiLTAT FOH ThE WHCLE BJNDLE FllW SECT.*

00 4448 ITTE1=1,10
Tl= T{ l)
TBT=(TIl)+T(K)J*O.5
00 4445 ITTE2=1,IC
T8T1=T31
TßT=OElTAH/CPIPBT,T3TI*C.5+TIKI
IFIABSIIEr/TBTl-1.J.LE.I.E-04IGCT14447

4445 CGNIINUE
WRITE(6,4446)T8T,TQTl

4446 FORMAT(lHl,'CAlOUL,HICl\ STOPS: IfT[2=lO fBT=',E15.7,">X,'TFHl=',
"" E15.71

STOP
4441 CONTINU E

T (U= DH TAHf CP ( PB T, Te T I .q ( KI
0018ITPR-=1,lO
DP=DElT ,DP
PBT=P(K)f-O.S*DP
Pll)=PII<H·DP
RHOBT(KJ=RHO(Pß1,TRTJ
RH02=RHOIPIU ,nu I
DElIRT=(RHOI-RH[2JJR~(eT(K)**2

DECCRR=CETOlA/ftCPwT
DElTAP=PROV2*(lAMeC!IK)*~/12.*RhJ]TIKI~OECORRI+UELlqTI*IASECI

IASEClAJ ••2+IGRAV*RHCRT(KJ*H*O.CCl
ETABTIKJ=ETAIPßT,TBT)
REB1€K)=PROVI/ETAßT(K)~CET(LA/OETJT*A5EC/ASECLA

If(INDSP(KJ.EQ.2ICElT~F=CELTAP+FRJV2*ICSPT(IlSPAC)+JSDJPF(EDSITI

1 I 1 S PAC} ,OE T[l A, LA"'1 13 U (K ) ,1\ S P € I F i\ I , P (OrT ( 11 S PAC) , R ER Tl K ) ,4) I I
2 RHOBTIKI

Pll=PIKI-+CElTAP
IF€ABS€Pll/PIll-1.).LE.1.E-05IGCTJ 20

18 CGNTINUE
WRITEI6,19)K,ITCCRR,DP,CElTAP

JOOD90
J00090
000090
0))090
)0009,
:)i)009)

)00091
)C"' 0:191
::)0)091
nl~vy.H

OJ0091
De'J;)91
JOO.Bl
Dong1
:) )Oi,Bi
001))91
}()(J092

00);)92
))'):)92

"(1)')92

00C')92



E
~ r::
~ J

c

T

25 RHO T K

R

ce ':<9306ö5.

)

H*J 0 * 0 65 -5 0 0

I -Cl FA

:1.,

c

)

SL2-SUBCHANNEl C~LCUl T O~

Ge c

S CF~

ce ,~5EC15tCL

*SCPT es L '1 0

I TH CU T S FA( ::: F 5ON S

S= SIRI N5TCl
S

/>1= t NP
1= 1 5090

S-NSTR,M,I =CFLTIOINS-1\5T~,

SECFC

00 667
NP=NP N
DO 66
Jn 66

OE
ASEC
DE TOL
00 29 :IJS-=l.\JSTGT
I F TC 0 RR• [J .. 1 ) S I GI,n 1\ S 1:= S I G'A ST

F NTYPINS .EQ.3IGCTC 25
NP=NPIN(NSI
DOCCNS=O ..
TNS=O.
AMNS=
00 24 =l,NP
IF rTCORR.EiJ.l SIG~AI(f'S NI=SIGf'sr
If NTY P ( S) [l-) .. 2 I Cf] TC:;: 2

c

c

c

9
094

) Li 0 'i4
0')9')

)00095
[r::)95

:) J 95
KiD )9:'
JJDJ95
UJr:n95
JO(:)9S
):)\)095

JJ!)J'j')
UDC'OQ6
000'1<16
8':JO)96
O()]09ö
)['0)96

JJ009ö
:)00096
:J:JO}()(J

) J (1):)6

CAll TRI ( AlK , NS f 1\ SC3 CC 9 I Fr! t P F [ \i , ,"1!) T, KH, ,~c l'Ii Cf O. r~ EC ,t> /\ C , ) E:: TC, D[ Tcl )u) q 6
* Hl,AlFACE H,~,PIKI .PILI.SJ0PG.TEl,SjR,~.AMT,DDJD,ATSCH,&85UO,C))0)97

AMSCH=L\MT*ASCHINS,Ml/f4C OL0007
GOlD 23 100197

:J:IOJ97
22 C[NTINUE 00007

C~**~'*SUB-SUßCHMji\jEL CALCULA1ICfI, FCR THE \<Jf,LL CHANf\ElS~-*:':~':<*:';"i<*****'~i;<*':<* :lJiYH
c tI L l R EC( ALK, NS , ~! sec; C N5(4 5, I Rh, P~ :J V, I:> ~), T, P. H, H1 , AL r A,j A , AC I1 , J I:: C\,1 • "') DI) J 9 7

*EC,AAW,CE ,ATCl.DETCl.MFLCh,kk,C,C.~,NSTR.h,PIKJ.PILJSQ)?G,TEl, )) n97
* S U:{ • LI "1 T • CJC 0 • ;\ T SCl-. eIL: :: , [ rv 1 dj5 0 0 ,'iL F /\ Cl} :i)(' ) 9 7

r~ S~=NS- 1\ STR ) er 0'-)7

IF(K.GT.IIGOTU ;455 010198
00 4451 JWC=l,? J00098
I F IrR EA [ I. • EQ• 1 .. C'{ • I S1 fj 11\ • EC • 1 I "1 SCi C UJ Si/i. \'1 , J ~"i( } =11 SC H 1 ( \1 S ."1 I ! !'l. SC H() [J 0 'J 9 9

* NS • t-1) *AseH \-J C ( NSw~ :'J, , J \;I C I I f 2 in 1 P ( !\~, '1 I ) ~: ');) 9n
44':1 ASCwCHf'.SW,'''1,J\>,CI=I\SCH.( (I\S\l,~.J"JC) JOO]ge
4455 ((NTINUE Donoryg

M'1SCH=Af"l 0[;)1'13
23 CCNTINUE JJJJ93

lJ ODe NS=(; 0 rn ,'~ S +- /v~ SC H! J\ VI ci< CD[) J +- AS [l-i ( >JS , ,"1 ) * (S I G"l AI ( i~ S, "1 } - S I Gl A( ~ j SI) YIY)'~9
*S~OPGF J10Qqg
AMf\S=AM~S+A~SCH 000099

c
C ****SUB-SU9CHANNEl CAlCUlAII[~ FOP IHE CENT~AL CH~~NELS*************

C



2

H

H

eR

C
L

H f":, ~

25

NS
C[ f\ S -\< F LA TI"'jS I I F :n I P r~ S

/'f'
AHASC f\S

50- S
flAA

C CU A (f\ Fe

s
s
p

DEHJL~

L E FOR T~E ~H[L[ E NDLE FRICTICN FACTeR

If ITCCFF.CC.l GGT[ ~l

JDOCT=DUCJT*IMFLOW*ASECI/ISB~f\S*~T)TI

L A[11 = ( (ß 5 ECl AI CSC,) T I h'f ~ - CEL 1RT l *2 • *J E TO LA*' kHein K
DPS!= CPAv/ABSIOPAVJ

2

25

6-NEW

29

c

c
c
C
c

r
v

c
c

17-CCNVERGENCE TEST rOR l~E lCCP ITCJRR

c
c
c
c

45 ceNT INU E
IfIITCORR.U:.lTC2IGCTC 41:
DELAM=AßS(LAMe[A(~l/lA~l-l.)

IfLN'lT.IDELAfII.U:.l .. E-C4 .(]H .. U:ELA'1.LE.l .. E-C3 .MD ITC'lRR.GL
* neu .. OR. {uEl"lM.LE .. L,[-02 o.\JD. ITCORRoGT .. IITC1+5»1~'JTO 48

fit e .. 1$. .. CI .. .. • .. .. • .. .. .. 111 * .



19-CORRECTleN Of T~E CCMPlTED SURFACE PIN TEMPERATURES FOR THE BlUT
EFFECT AND FüR T~E RA[IAL POSITIC~ OF THE THERMOCOUPLES

20-CAlCUlAIICN IN T~E ChANNElS, IN IhE SUßCHANNElS AND IN TrlE TWO
PORTIONS OF TrE WAll SUBC~ANNElS

::; ,NI
=' E12.3

S ,T NS
,Ic4,', ,14

S N S6
134 3

5 ce I E
TOT=)( l +SILEN

PBAR )=p l)*C .. 980665
CPBAR l)=PE08~P-PBAR(ll

IF(IPUNCH.EQ.l)wRIfEC1,1 IPA
IfC IPUNCH..EQ.llwRITE( h6U:9)Xl TCl,DP3lIRCU

000 05
00 05
000 05

0106
)00106
000106
)00106
::l00106
OClOI06

1@JlilI " OOOlC)6
OCl0106
000106
000106
000107

IF( QTOT.lE.l.E-06IGClC 5C OJ0101
00 53 NS=l,NSTCT 000107
NSW=NS-NSTR 080107
NP=NPIN(NSJ 0JOI07
00 51 M=l,NP 000107
TWINFeNS,M)=TWCNS,M) 000107
If(QQ(NS,M}.lT.l.E-C6)(C1C 51 000101

AR=QQ(NS,MJ*QDEV*HPCtR )00107
RVOl=D*C.5 000107
IFII2TIP(NS,M).EQ.l .ANC. IDA.EC.4)RVOL=RTIP(4)-RH 000108
FCORTW=I(RVOL**2-RMIS1~IIPAJ**2)*J.5+RINT(IPAI**2*ALOGCRMISTW«(DAIJJOI08

*/RVOU )!«RVOl**2-RINTIIPAJ**2l*SUR)*RVOl 000108
'RMDAR=~QINStMI*QDEV*F(CRlh 000108
IF( IPA .. EQ .. 4)QlAMR=QC(I\S,~)*QDEV*FCUK.L4 000103
CAll CORRTECTW(NS.~J,lS(~INS,MI,PJT, ~S,M,O,BIOTCNS,MJ,T~INFC~S,OOOlOO

*1'11) 03)108
(All CORRTE(TWSSC1{NS,~),lBSSCl(N5,M),PST, NS,M,1,BIOnl,n~I\lFl)O)Ol08

(All (ORRTE(TWSSC2INS,~I,TBSSC2INS,~),PBT, NS.M,2,RIOTI2,TWINF2)1JOI08
IF{NIYPINS).NE.2)GOTC :1 OJOI08
00 3121 JWC=1,2 000109

CA II ceR In E n wwC( NSW, fII , J j., C ) , TA ViJ C( i'J SA, .., , J WC) , PB T , NS, I"~ , J we , BHlT 0 [) 0 109
~q,jC, TWI NkO 000109

3121 CONTINUE 000109
51 CCNTINUE 000109
53 CONTINUE 0)0109

WRITEI6.86) 010109
86 FORMAT( 1/5X,'CHtlNNEl't312X,'ROD',4X,'TEMP'J'J0109

*ERATURE',5X,'HEAT PO~EF')/I 000109
IFIIPUNCh .. EQ.1)WRITECl.öC69JXM 100109
Da 88 NS=l,NSTCT 000110
NP= NP rN (N S) 0 )0 LI 0
Da 3723 ~=I,NP 000110

3723 QSECTCM)=QQINS,~)*QDE\~Hl ~JOlla

WRnE ( 6 ,87 J NS, (J PI N( NS ,M ) , TWCNS ,~ I ,JS Ee T ( M) ,1'1= 1~ NP I Cl) 0 1 11
81 FORMAT(I12.3(I5~2E15.5)1 J10110

I f ( I PU Ne h .. E \J .. 1 ) WRITE ( 1 tb ( 69 ) ( T W(1\ '), MI, M= 1 , /Il P J (j )011 ')
If(NS .. lE.NSTRJGCTJ 88 000110
NSw=NS-I\STR J)Ol1)
I F ( I rUNC H. EQ.l H<' R11 E « 1, 6( eS) ( Tl I i\ ER« NSl'I , MI, pi = 1 ,I'l PI J 00110

6069 FORMAT( 3EI5.5) 000111
88 CCNTINUE 0J0111

Goro 50 000111
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ODOl11

).)0111
(I )0111
000111
000111

48 CCNTINUE aOOlll
CAll BAl8(K,NSTOT,INCSPIKJ,ASEClA,H,LENGTH,PIKJ,P(LJ,OßT,FREl,FT, 000111
*ITCORR,ITCM,CPAV,ITER~,I1GL,&E50J,WSP(IPA},IlSPACJ 330112

ITGlT=IIGlT+ITGl 000112
CAll SUBBAlINSTCT,NSTR,INCSP(K;,H,lENGTH,C,PIG,P(K),Pll),PßT,FREl,JOOl12

C
C
C
C
C

e
c
c
c



21-ENO OF T~E LeCp ITCORR

22-DEFINITICN OF IrE INlEl ~tLUES CF CHANNEl AND SUBCHANNEl
VARIABLES FOR THE NEXT AXItll SECTION; SUBSEQUENT AODnI1T~S FOR
AVERAGE VALUES CF VARItBLES

C R,DPA ~85CO ~ PA SPAC
L ORMT NS C NSTR IS1 ATC ASEC MFlUw
IRH.EQ. .A~O. QTC1.G .1.E-OtICALL ALL E

* IK,NSTCT,NSTR,RH,SUR,C,PIG, TEL ,PßT,&85GO,RTSI
IfIIRH.EQ.2 .ANG. QTCT.Gl.l.E-OtICALl W LLTE

* IK,NSTCT,NSTR,RH.SLR,D,PIG. TEL ,PßT,&8510,RTRII
r~Sl:NSTRH

00 t4 N5=NSl,NSTOl
NP=NPIN(NSI
NSTVP= N1 '( P( NS I
NSw=N 5-1\ STR
00 1034 M-=l,NP
GOTOI1033,7033,1032J,NSTYP

7032 P~OVI(NSw~~)=~S(H{NS,~J*CE(NS

*/RHOIPBT,TSCH(I\S."1» )
GOlO 1034

1033 PROVIINSW,~J=MAWC(NSW,~,lJ*DEWCINSW,M,l)/ASCAWC(NSW,M,11*

*SQRHlAMWCINSW,M, IH'C .. 125/RhO(PBT,TAViflC(NS~"M, ll»
7034 (ON NUE

64 CONTINUE
49 (CNTINUE

o 3
DJO 3
000113
000113
OOOtl3
)00113

J/ASCH(NS,~J*SCRTILAMSCH(NS,~J*O.1250J013
000113

JO 113
);)0113
000114
JOOlL4
000114
000114

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ))0114
0::>0114
OJ01l4
0)0 lI/i"

WRITE(6,56JITC~,lAMBCA(KJ,LAMl,CELTAP,DPAV 000114
56 FORMATIIHl,'CALCUlATI(~ STeps: ITCORR=',IZ/5X,'1 lA~BDA=·,E15.7t5XOOOl14

*, 'lAfoIl=',E15.7,5X,'DEllAF=',E15 .. 7,5X,·OPAV-=' ,E15.7,' I'» OCiD115
STor 000115
9 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• JD0115

:))0115
OJ0115
)00115
)00115
010115

50 CONTINUE ClQOl15
NSUBDH=O)00115
INOTW=l 000116
PB~R(LJ=P(LJ*C.S8C665 000116
00 100 NS=l~NSTOT 000116
TEMF ( NS »= (2 • *;H V«NS J *TA V«f\ S J- 10' I ( NS I '*THW (N S) I I '1 M2 nl S) 000 1 1b

MI(NS)=~~2(NS» 800116
NP= NP I N ( NS I 0 J 0 1 16
00 97 ~=l,NP ))0116
PMSCHl=~SCHi(NS,MI J00116
MSCHIINS,M)=2.*MSCH(NS,M)-~SCH1{NS,M) 000116
TSCH1(NS,M}=(2.*MSCH(f\S,~J*TSCH(~S,M)-PMSCHl*TSCH1(NS,~J)/MSCHIINS)Jnl16

*,Ml )00117
IFINTYPIf\SJ.NE.3 .OR. INrSPIK).EQ.2JGDTO 6t47 000117
00 6646 I=1,NSC90 000117

6646 OELTIO(NS-NSTR,~,II=ITICINS-NSTR,M,I»-rSCHl(NS.MI)*TCPRCF JOOl17
6647 CONTINUE ClOOll?

IfIQQINS,MJ.GT.l.E-06ICC1C 5633 J00117
TW(NS,M)=TSCHINS,MJ J00117
TEMPB(NS~M)=TSCH(f\S,MJ JOOl17
BIOTINS,M)-=O. J00117
TWINF(NS,M)=TSCHINS,M) QuOlt?

5613 CONTINUE 000118
IfCK.EQ.l .OR. NEXHdIPAJ.EQ.C)GOro llaG OJOU3
IF(X(K) .GT.XEXHd IEXH.CI.AND.X(K-U .lE.XExnHIEXHlCl }GDTD 1181 00CH18
IFiK.EQ.N .AND. X(N+l).Gl.XEXTWII~XrWC) .~~D. X(NI.lE.XEXTW(IEXTWCJOOl1R

*» GOTO 1181 000 H8
Goro 1180 000118

1181 TWTH(NS,~,IEXTWC)=(T~(~S,~)-rWp(NS,MJ}/(X(K+l}-X(K-ll)$2.*IXEXTW())0113
*IEXTWC)-0.5*{X(K)~XIK-llII+T~PINS,M) 000118

INDTW=2 )00118

C
C
C
C

(

C
(

C
(

C



22
22

000 :~2

0022
000 22
:)]0 n
D[;0122
000122
0)0122
))0 22
)00123
000123
000123
000123
)0012"3
))0123
OU0123
000123
000123
0001 ~3

oeH) 24
OJ0124
D 012'"t
00')124
0'JrH24
1)0124
000124
oe) Ol~ 4
000124
000124
OJ0125
)')0125
000125
,-WO 125

000125

sc

3

1 '*T PP,C

E C=
JORQ=IDPRQ·H

H TC

GT.XENG PAFD GOTOeR x

23-PRINT SLECHANNEL V~RltElES

WRITE 6 E31
DO 8887 S=l,NSTOT
N PNS=NTVP{NS
NP=NPIN NSI

S =NS-l\STR
WRITE(6,8885 NS

83E5 FORMAT(5XfiC~Al\NEL NR$',I:)
UD 8887 !"=l,NP
I F I CQ NS ."1) • GT • 1.. E- 0 6 ) : CM SS= (; Q ( N~ ~ H *WJ EV,~ J EIN S) >\: F20 TI PO>J S • MI I

I SUR'*ITWINFINS MI-TS(~INS,MII~KAP~A{p~TfrSCH(NS.MII)*D>\:O.51

IR TI P« I P IJ. )
SCREß=~SCH(NS,~)*DEINSJ*F2CTIDINS,MI/IASCH(NS,MJ~F2ATIP(NS,~I*

*ETAIPST,1SCHINS,MJII
SCREW=SCREB*ET~IP~T,l~C~(.S,~II*~H~IPBT,TNINF(NS,MJJ/IET~[PRT9

'* Th I NF ( NS 9 M) ) *RH C( PR T , TseI- (/\ St "q ) I
JlINSC=ClIN~*GlOEV*PERll~TYPNS)*ASCHI~S,~J/ACHINTYP~SI*Hl

WR I TE ( (; , 8 38 6 ) 1'" • J P I N( f\ S , i~) , f'I S CHI (I\J) • '~J • TSeH 1 ( r-, S• t,j J , l/\ ~1 SCHUl S • "1 I

9 99
03

c
c
c



T1S

**0
05 0 6

R

PRB

F
6

SCH NS M

G:JTJ 3 26
TE ~p US NSs

2

3

3

C
8502 CAlL SU8DHIN,K,Kl,NS1Cll

TbE (~SE CF CCf\V~RGE"lCE PRCBlEMS ILOOP K ENDS

J00130
ASCWClJJ013D

00013 1)

:))013
:H)Q 30
o 0 30

o 30
o 30

•• ~.* •••••••• ~ ••••• e.~ •••••••••••••••••• e •• ~e.e •••• a •• •••••••• @0. 0)013
o 30

00013
J::JO 31
')0013
OOf) 31
'))0131
J0013

~AXI~J~ NUMBER OF SU~DIVISI:)NS F1R J0013
D0013
000131
0,)0131
00'11 32

24-POI~T RE~CHEC I~

AT LABEL 99991
CCNTINUE
"lSUßDH=f\SUBDH+-l
IFINSUBCH.lE.MSUßDHJGC1C E502
WRIIE{6,E5alJ~SUBOH

8501 FORMAT(/I' SInD CUE TC RfAC~E[

*AXIAl PUCH: NSLBOH='d21
STOP

(

C
C
C

8500



SE CTI H\Jr 0 Li: P, JiJJ l E r LGLUES Cf V,L1R[~ElES FC0 HE

GeTe 25 3

26-CVAlUAfICN ANO PRI'Hlf\C CF AVUUJ,C[: V\lJES OF V'\kI48LES f[Jf( THr:::
k. f: GIl ~J S ~ Hf. R E [ Nf) IST Uf\ '" E[ r L0 W I S "S S J\1':: )

Li l?
J10132
:})0L32

00132
)0 132

CfNTINUE 0 n132
DEPTnT=p L -p 1 0 0132
WRITE 6,8380 ))0132

d8SG FCRMAT( Hli-X VßRf;~Pl[S rCR HE ,,/L1'lLC l3U'H)l['JSXdH'_·l//11 [100132
*' 5 X, A) 1NlET VAL UE S CF Tf,\W [ RAT Uit t: 4'JOD RES SU:\ E I / / 5 X , • SEC TI lJN NRJ ::: 0 1 33
* .. ' ~ T26 • • hEl GH T I C"1) I ~ 1 i :? • • T E ~! PE K,n UR::': ( Cl'? T I) 3 • I P f; ES ~): JR E ( KGIS C,lC Cl J) 13 3
*-M)'.T86~'PRESSUPE (EtRSI1/) 001)133

RI T[ «:). E,39>]) ( I • X( I I , T ( I ) • P { r l • P~3~;{ ( I I • I -= 1 • U J J f') 131
cl ci 9 (1 F 0 RMAT ( 1 X, I 3 , I ') X, P; .. 4 I 13 X I F 7 .. ? • 1 1 )( , f 'j • 5 • 12 X, F 9. 5 ) :) ) 0 1 33

WRI1E(6.88911 810133
3'391 FCR~",\T(111/15X.'ßI V/\LlES /VEki\(':EJ OVER~XI!'1L SECTIrYl<;'115X,'SECTIy)n133

>/: 0 N NR,. • • T2 3 , ' D[\J S rT Y ( C! ( CM) I ~ T ~ 1, ' VI ') er) S I TYI ,; I C ~1 '*' 5 EC I I WT6 4 , ' V ::: Ln:::~) 0 0 133
>/:lTY (M/SECI',TG5,'REYNClCS i\R.'.TN,'FRICTIC'i FACTUP,'11 000133

vi R I TE ( 6 ~'~ a9? ) ( I I RH CCl T ( I I • ETel BT ( I ) , u n ( [ J • Rt ß TC I I • L ,'I, ~'1 BlJ ,\ ( r I , I -= 1 • "l J 'I:) 0 13 3
Li 8 q 2 F CRMAT ( 7 )(. I 3,1 7 X• F1 • 5 ,1 Z X • r c; • 7 , U X • F 7. J. 11 X • F9. 2 • 0 X , F 7. '5 I X' i) 134

WRITEI6,P873JDEF1Cl J~0134

l87!) FCIH,1Al(f115X, -rOLt\t PRESSV~:: CR['J=' ,[Cf .. !'>,' KG/S(lCM'1 ))01)4
.,. .. <$ .... .. .. .. • ..... • .. .. .. \& • • ... III • .. • ,e .. ... • .. • .. .. .. ...... '. .. .. • • .. -1/it ... .. • .. .. .. .. .. .. • • Cl .. .. •• • .... .. ..., 0) () 1 3 4

jj)134
)'):)134
)))134
)00134

IF(NSEFC.EQ.OIGCTO 8SS7 D00134
TM=T~/DELTAX r00134
PM=PM/JElT'X OJ0135
P~EAR-=P~*O.qBOf65 000135
lAMRDM-=LA~GJM/DELT~X JJl135
RHO "1= RHO ( P1\1, T"l ) ) Cl Cl 135
ETAM=ET~IPMfTMJ 100135
REM=REM/CELTAX J00135
UM=UM/CElTAX JJ0135
WRITE(6,BJ931 T~,P~fF~E~R.RHC~f[T\~,j1,~E,LA~ADM D80135

'{ 3 9 3 F CR~1 AT (/ ! 1/ 5X, ' C) TU 1 ,LI l H td\ \i!\ LUES4 Vr:.~A EJ I fJ PAK. TS 'i'o' HE f.), E U~JD IST) ') ) 13 5
*URBlD FLCW IS SurlPOSEC'l1 5X, TEf'APEf.ATU~~E' ,T22, '=' ,f9 .. JJJ135
*2 " C I I 5 X. ' PRF S SU ::< E' • T;. ? , ' -= I , FS .. 4 " K; I S (~ CM = I , f'? • 4,' l) LI. R S I Li J 11 3 6
>'.< 15X.'DEtJSITY',T22,'-=',:I)0136
4< FS.5,' G/CC!Vl'/5X,'\iISC(JSITY',T?~,'=',fS.7,'GI01*SEC'/5X, 000136
*'VElOCIIY'.T22.'=',FS.3,' :\A/SFC'/5X,'RfYNOL:JS ~JR.I,T2~·'-='.F'1.2/5X')JJ136
* ,'FRICTICN FACTDR',T22,'=1.,FS.511) :]J0136
If(IR~.EC.IJGOTC 8397 000136
WRITE(6,83) 000136
00 Ed76 NS=1,NSfnr ))0136
F'j P -= ~J P I N( f\ S I C") 0 1 3 (;
oe e374 ~-=l.ND J}011S
I F ( 12 T I P (N S , '-1) • EJ • 11 er 1 0 e p. c; 7 ) 0:) 1 37
WRITE(6,2SS5)NS 1)0137
HP l LS 1 ( 1\ 5 9 \1 I -= HPlU S1 ( f\ S , f.i ) leE LT ,~ X ) ')')1 37
HPLUS2(I\S9~I=HPlUS2(i\S,vJ/CElTAX )001~7
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C CCI-'i\JER CH~\J'J[lS'l!'JD CF TJ-L: • :HL)/\~'r' 'JF ,U'\Ll S'Ji'>C ,';;.iELS 1JC)21'J

C C UN ce PUTES T E AC GR
C T" E C '\j [S ULT S J E 1 t- [ T

RCCS C FU'J=

c l 'J 02?':"
))')221

J':'IfJ222
;):J0221
',1 I') /. 2 /t
]))225
JJ)2;~6

(YJ227
J:' J2 ;~l

JJJ22'J
0)023,
J00231
:I )02 -~2

)-1 )2.3 3
i) J 0234
"\1235
'"\);)236
)[iJ217

T2=TE
Tl=F2/F3*TgT-Fl/f3*T2
RETURN
::f\,O

RCDR22·=:~('JQ 2**2
klDR22=KlCk2**2
F 1=1 .. - R0 CR22
fZ=l.-K lCI~?2

f 3 -= R<) C< 2 2- R 1C;<, ?2
I 2= T W} - F F'« ( GH? 1 +;2.5/ r 1': ( r :2 *- '\ LC C (Y ).1 t-~ 21R JH 1- r.3 *A LJG ( YJ H 1- L. :> *! 1. +

+2 .. *PlOR2-81JR22-2.*RICF2*RCCR2IJI
Tl =F2! F:\ *T;n - F 11 r3 *- T.2
IFIIl.GE.TE .AN1. T2.(E.TFJ~ETURN

KfAl l~~,l4~SCH.l4~hC

C[M :"'10 NIIJt RT5/N ST[{

C( M"1 CN I SUR') / L ,1 'JI S(f- ( -'i ? , ~ ) / ( [r" 11 UJ ( ; 2 ) I r; ~~ r~ 2/ i\ I 't 2 ) I GE' I ':l I D;:: ( '+.2 )
1 I l .'\"i I f\J 1 I .'., K ll, Cl D,~ ( ~ ? l Il AIA I r, 2 I F \ T I ,J ( 3 ) ,F DT I P ( ;:r ) I I JD 3 I .H yP ( 42 I

c

c
c
c
c

c
c
c

c
c
c
c

;Jl~')2 3 '3
FUNCTIOi\ EI'jF([3ILJTI 2C}J230

C EINF EV4LUHES TH[ E Il\fIhnE VL'lLJE )JO~4J

c-----------------------------------------------------------------------0)0241
C ~IJ r)~42

CC .~ Me N I P1::;'\ T LI 8 14 • ,1 I ') • [-' I (; • CI 7 , B 1-3 , ,) r 9 , ß i L) J ci f) 2 '+ <3
1 f ( e H1 f • GI • J h ) ce Tel n); ;> 44
[INF=PI~.QI6~HICTtßI7*FI(T~*2 t~0245

RETURN JJn246
1. EUlf=QI E+8r?*3I[T+~HlC'HICT"-'*2 UJ.247

RETURN ))0243
END u00240

)')02501
'JJC!2,)1
JU 02:;,?

:--.F)25,)
SUBPOUTINE ~~fRCC ))02')4
-------------.---- - -.------ -----.------ --.-- ------------ ------- -------1 Jel'" 5 ')
ENFRUJ C('F).JTfS ,~f'J\V::::F,~Cf= ('\,VfI'l\ '/~LJt Furz Tl-,l: LlHI d\f.,~ )J:-\25t~

CAlCULI\TIPiS Ir i>,'\ll A1'C C(;(~i[!~ CH,\"!KLS t,k[ CC,"PUTED T')G~~rHE:?,:'JJ257

::JOZ5'l
J) '12::i':i
'} )) 2 6,-'
J0026l.
)):)26::'



2 (~6

261
bJ

C) J2

U-,0313
)'1)314
0(1 ')315
Cl eiD 1')
J ') ']3 1 7
l:vn 18
,hn 1 C)

)):)320
OC!u321
J8']322
:) ~I 'J 32-:>'
('')0324
))J325
,)0 :)3 26
n)0327
~)IJ32r3

r
)

J G U) c~

yTVP ~ CE ~s ~FJTI~

(;2 H tlNP r,
e 1R 2.2

T

.......................................... 0,. ..

,l CJZ :J
2 6

(11)217

)~l:rU8

)J0279
)I),)~ßC!

=, fJZ81
)JO?i32
80'1233

1)284
)) 35
)[")236
lJVR7
) J )288
)0128]

SUBkUUT Nt: [NTPfR 1<, t, ITY>:,fd,f i Q.'·C.b. r II.JJJ,UE,,'\. ~p T[', LA L f~ CJ 02'1
------- - ----.-.----- --,----- ----.-----.-------------------------------- () 291
tl\TRfR C("vjPUTL.:; H,c u.~'f/J r·'\CTUfi'; TlJ CJ,..(;.<.[(T THE fRICTHlf fAC fJRS 0292
Itl THE I-YDR(jDYI\I\fHC FI\1I,AI-,([ I~EGIC;l [;)')293

':JJO?'14
:J'J 0295
J ) 02 Yb

'»)207
')J)293
JJ129q
l.[i iJYlCJ
)(1)3·)1

Ci C' ()3 (1;:;
))0303
(,r) 0 3 .)4
r ,03J5
D)3J6
:'-10307

EI';'*3 ))030')
J))3 00
[')')31,
CI)rnll
))03P

C~LY FOR TH~ ~1Ll SJRCI-'\~~ElS

IF { I TYP .. E\~. 1 • L ~. I. E (:: .;: I k EA= H. t, ,~ ) i\ '\P P Ale KAP? AI I I >:< ( ,) Er, { I I1
PHI0X=4./IO~A(II~PEAI

PHI /\1=PI-1C'<';,X( K I
PI-IA~=PI-J)X~X( K+ll
'\ K A 1= A,<,O ( p t JR 2 • PH 1'\ 1 I
AKf\2=AKfo !f~1 :W.2 .PHI t,21
G1\""\ ;~A I I =1 • r 4 • leK r;, ') ? P ( I l 0,' ('\ rU 2- tr< \ 1 I I (P H1'\ 2- P rl lAU
IF(ITYP.E(;;.2IGCTO 1)
L'\Ml1\~~=lIl\lL:\fII"'GHAMfl (1)

I F ( 11 YP • FQ. 3 ) C :.; ),'1 ") 1\ ( I I I ) =,'; A '1.1 Ä ( 1 I
RETUR'j

REAL "',LA M U\1V1
ce W1UJ 1 CRI J 31 X I 10 Ci J I f< [ H i" /1lY IlA,4 I I J l/'\K '\ P P fI { 42)1 GA'v\ CIJ I C ;\ 'H A( 1 :3 )

1 1 E~n ~ 1 / CKp PD/I, ( 2 ) ,C ELI I 2 I ,G Ii \1 U ( 2 I • ~J G '\ I" .V A( 2 I , A1/ HF\ (..l / ' l P I' J 4 2
2 JOINI4?,31

k E= 1'1 '* C E I (1\:1: F. HJ I F • T'~ J 1* Fr C ( IJ • H\ Y ) I~T\ l P. T '\1 Y I
IF(ITYP.U.1 .LP.• I.F(~.21(/-\Ll l\E'i!T']J(n,R1,\~?1

f( lORZ=>< lIR2
P,OL)P 1=.{ C/:),1
CJEA( U=2 .. *1i'2-Fll
(KAPPA 1)=rKA?rA(Ol[~2J

CKAPPA=AK~?DfI(f\SI

I F ( I • E~ • 2 I DK .I\.'J D A=
REI\=ri.EHEA l1/C[

S=fJS1 f\;SZ
YF NS
CGi\, "1'1 /\ { N 5-'J 5 T k I
=L NS *PJCG

p= PIN 1\S
DC 120 '"=1 .J!)

l SCH f\S,~ =lA~SCHI1\S.

f I YP • 1::.-: 3) C; ':T C 12 <:I
DO 10 J\>IC=1.2

10 L WC NS-NSTR,N J~C =LAN
20 cr,in WdE

R(1URN
END

0)

10A1=1\
If{ I .. F~.1)f[TJ:~~
C1=Al*Cf:ß( tJ*""2/CK/IPf1t (1)
C2=A*OE**2/0K1PPA
Vi G;W'1 A ( J J J I = leI + C2 I I ( C 11 (~f/1 /\ ( 1 J +CU G"I "',1/'1{ ::' I )
Lfl~LA~=lA~lAM*~Gfl~U'(J~Jl

[F(JJJ.l'.~PIN(~SIIRFTl~~

c
c
c

c
c
c

r:
C
C
C



- 86 -

FUNCTI(~ FQJEV(A,N,Xl,)2J
C------------ - -------------- -- - -- - - ------- - - - - -._--------- -- - - -- -------
C F\~D[V [NTEGRHE:S TrE PF<CFIlfS CF a)~"E~

C

CGA'V1i"1/\ 11)=0.
NP=NPIN NS
DC 2 0 J Je:: 1 ,') P
C GA:A \1A CI I 1 I =CGI~ W1:', 1 I I H- k Gt M A J J
C GA '''l :'1 A( I I I 1= C.:;,~ \I r"1 A( I I I ) Ir LCAT NP I
RETURI\J
[NU

CCMMON/EXCATI/EX4171,F)5(7J,EX6(71/INPAR/IPA
EXPCl=EX4{IPAJ+[X5(IDAI*1~EX6IIP\I*T**2

RETURN
c:"JD

F KAP P A=6 2. 146'* I L - R ) * '* 2/ ( l.H\ -:)<" 2 +( 1 .. - R* *2 ) IA U)i'; I P, I )
R r: T liD 1\1
I" .... , ...... \" t

END

2

DIME1'JSICI\ A(t\l
FQOEV=O ..
XIAI=O.
00 10 1=I,r'J
AI=1
If(Xl.GT.C.IXlA1=Xl**AI

10 F Q 0 EV= FeeEV+ A( I I '" ( X2 O:d< .l\ I - x1\ I )
RETURN
END

c.
c

c
C

c
c
c
c

J 0 29
'J<J~30

D0033
)J0332
000333
DC!r)334
OJ0335
1:)0336
):)0337
C J0338
))0339

FUNCTICf\, EXoCL{ Tl 10,)340
--- ----- ----------- ------- ------------------------------- -------- ---- 0(' 03 41
EXPCl CCMDUTES THE EXP~f\SrUJ CCEFFICE:NTS FCR THE COF.RECTI )\1- DF )JJ342
T~[ GECMETRICAl DIM:NSI[NS OF T~E LINER 010343

000144
J:Jil345
0003'+6
010347
Jon348
) 00349
n )0350
0(,0351
,))0352

FUNCTION EXPCO(T) OJ0353
C---------------------------------------------------------------------- --- ----)) 03 54
C EXPCO CC!"'OUTFS THE EXF/\f\5ICN CCEFFIClcHS fCR THE C-IRRECTIJi\j OF THJC),")355
C ,; E( ME r R [ ( jj l [; I .~ Ef\ SIe NS C F TI- E P ( 0) J 0 03 56
C OJ0357

CülMC~JlEXf)I\TI [Xl(7) ,D2(7),EX3(7) II'JP'\RIIP!~ ']00358
EXPC0 =EXl ( I P i\ ) + EX2 ( Pt) -.> T -I[ X3 ( I Pi\ ) ,~ p* 2 I) 0 03 5 9
RETURN 000361
END 1~0361

J f) 0362
CJ;)0363
)J,)364
00)365

FUNCTrc~ FKAPP4(R) 000366
---------------------------------------------------------- - -------) 003 () 7
FK~PPA EVALU~TES THE KtPP4 VAlUES FOH THE CCRNEP CH~NNElS ~~J THE ))0368
WALL PCFT1C\J CJF H-E hHl S'J'3Ct-A1\f\tlS ( VAlluITY FOR C8-{~lER CHAWJt-(lC10369
L S 1.2< 11 10 < 1 .5) ) 0 0370

;)00371
on 03 72
)00373
JD03H
Q00375
JJ0316
'jCJ0377
),)0378
,)00379
1:)038:1
0) 03 31
'))0332
-"'(')383
} 0 03 84
0(1)385
0(1')336
'](0387
Q~,)383

)(1:)339
')U039G
'),)0391
)J 0392
000393
)00394C

c
c
c
c

c
c
c
c

c

C
C

c
c
c
c
c

c
C

c



Ci J3 5
FUNCTIC GHP USOWlLS T\;I BT ,'lR. Jrl R= .Rzr",ROH -; 3Ye,

C----------- -------------------- --------------------- ----- -------- ---- 1 on 3 9

=0.5*1 EPS*C .SHPSH2)f{ 1.-ePSI**2GRlfUN
RETURN
END

GfUFUN EVAlIJATt:S HE (CtFfIC1ENT KO/2=(KI+KCI/2 FJR TH[ LJc.~l

PRESSLRE LOSSES AT TI-E I~lET t~c ~T THE CUTLET OF A SP'CE~

FUNCTION GRIFUN(EOSI

C(MMGN/(AT1/~lfA2,A3.A4,A5f16 Al,A3, 9,A1J
GHPl =(Al*HPlUSW**A2+t?/HPLUS~** 4)
IFIGHPL.lE.A9)GI-Pl=A10
GHD lU S=GHi' L ,% PK'~ *,'J, 5'* ( I n 1- 2 13 • 16 I / ( T3 T i<~ 73 • 16 I I '* *1\ 6 I { ''\ 7"" ( YUH..- R2:.1 !-Z)H

*)**A3
RETURN
F:NO

GKAP PA= '5 4 • 2 31*(x**,2 - 1. )>> >I 3 '* X**:) •3':' 2 I :\3 S ( ~ .. '~ X"'" *4- 4 • ~< X'* '1' 2- /t. "" x**' 4*
*AlOG(XI+l.)

RETURN
END

C
C

C
C
C
C
C

C
C
C
C

C
C
C
C

C
C
C
C

c
c
C
C

G PLUS EVßLUATES He: rL!\CTICN G(H+=:'; 1-!d+,Pk I'WTL.LJ T3 V R.H Cl 03'1
OU ')399

."O'J4XI
,J0040
JO 0402
)C) 04()3
J)Q{t04

000+,1":
J) 406
0004J7
0(04)';
)00409
J004lJ

FUNCTICl\ GK~PPA(X) )10411
-----------------------------.------ ------------------ -------- J '}u 412
GKAPPA EVALJATES TH= K~PFA VALUES FOR THE CENTRAl SJOCHANNClS A~D ')0413
THE CENTRAl PCIHIUIS rf HE \o.,~LL 5d3Cb.c\i,N!::LS ( VALIJITY F'JR T'ic O)04llt
CENTRAL CHANN[LS AT 1.2< P/D <1.51 ))0415

:)00416
IJo0417
J'10413
J10419
(I Ci alt 20
) 8 ')4.21
YY1422
)(10423
)0 04 ;~(+

)J0425
))042A
::JCt :)tt 27
'1 "1 042 '1
))0429
JO')43(1
:))\.)431
J00432
000433
))0434
::\ 0 :Vi·] 5
)J 1'1436

FUNCTICN GSTtR(EPSI J00437
C-------------·--------------------------------------------------------)) 04 3F\
C GSTAg EVAlUlnES H·t FUI\CTILi G(EP3ILlrn 000439
C)c);j1+4rl

C(MMON/5UBl~/SLASUß )00441
GSTAR=(3.75*CLASUB+1.25*EPSJ/(1.+~PS)+2.5*AlnG(2.*I[PS+1») )J0442
RETURN J::)01+43
END ~ü0444

J) 044')
-Je ')446
0))44 7

JCJ+48
SUBROUTINE INLCCNINST(1,~FLCW,ATOT9TE,IREAD1fNSTRI ..,0)449

C-----------------------------------------------------------------------)J0450
C SUBROUTlNE If\LCCN fIXES Ti-'E Il\lET CO,iClTICNS fUR 1'l/\SS FLO':J >{··'\fCS )),)451
C AND BULK TEcWE~,öTURcS CF HE Cl-tJN"J::LS /\:'-10 n-r: SUBCI-l'\!'lnELS A'~tl FOPJ(\0452
C THE BULK TE~PERATURES CF Th[ n;c f3JR.TIO'r; CF TliC \"//\lL SUE\CH!HJICLS '1J0453
C OJ)454

REAL MFLC~.M[9MSCH1.MSC~Cl,~SCI- 000455
ce MMO N I I NO 3 IN TYP ( 42 ) f SLP 2 /T sc h { 4.2 .3 I ,"1 sei Het 2 d ) f SUß 22 f T W( 4 :2 , 3 I :) ) 0456

1 fGEN2/A(42IfG[N3/~11421/GE~4/rE~p(421 0(04)7
2 II-EA6HJPINI42J,JPI!'(42,?} OC045~

3 /SUB1/ASCH(42,31/SLR6/TSCH1(42,1}/SUBR/~SCrll(42f31 ))0459
4 I \<\ CSE2 /., sei", C1 ( lE ~ 2 f 2 ) /I, C SE5 !T SC"C 1 ( 13, 2 f 2 ) ) [1 046 (j

c
c
c
C



88

(,

[2U

CI C

fISel- ~S ATC

J C ::TE

GC TC 1

2 Ge -:a

NUr:
NUE
10(,

IRE A0 =2 I~, EAf\ S NC'l-t) N I fC P "'. CIS Tk IU T TC N S

2

~'J ')48
3 CCNTINUt )00481

R[AC 5 9 4HMI("lSJ HiP NSJ.NS=I.NSTJT (1C.104'32
0C 5 NS= l,NSTCT )00433

S =NS-NSTR )0'484
NP=NPIN NS 0004A5
Rf [ '). 4) MSCf n (NSf'" J , 1 SC l- 11 NS • ,"') • l= 1 •ND) )436
IFPnYP{NSI.E:J.2jRE~[I::,4l r;SCY\Cl \J)v4,'1,.L,C TSCW( [151,'1, ,~C , 01\1"1437

* ~C= ,2)f~=1 21 JJ048A
FORMAT EFIO.5 )00489
CCNTINUE J004QO
CCNTINUE J004Ql
001')(;1 NS=1,NSTCT )CI,)49;>

NP = NP r N{f\ SI rJ (10493
00 1,)01 /w=1,[,JP )),)494
MSCH(NS,MI=~SCl-lINS,M) )00495
TSCh(NS9~)=TSChllf\S.NJ )00406
TW(~S.MJ:TSCHI~S.~) l~0497

CONTINUE 000493
RETLRN )~1499

END O~)sJ)

11(5)1
)015 J2

on0503
))0504

5 UBRfJU TIN t K.4 P ceR. ( 1\1 S T[ 1 ; f\ STR l :::n .-15 J 'i

------------------------------------------------------------------~J0506

KAPCOR C01PJIES THE i<~FPt~ 'v/\LUES F;li~ THE L~i'iIi'j'\R CAlCULHI HJ5 ))0507
(IF [K/\PP4=l, CTI-'[RI<.]SE stVES H'~ VAlUtS iJF BlnCK ,JAT41'\'JJ (F)')S()C'
COkRECT5 THE KAp0A VALlES CF THE :C~NER AND WALL CHAN~ELS IF Ir 1500(5)9

DESIRED TO HAVE T~EkE AECLT T~[ S\~E V'lU[ CF IlAMRDA/~Q. JIAM. I ))0510
oJ OS 11

C ( MMn f\ L A"'1 I t\j 2 I FATl? ( 3 1 , F CTI? ( 3 l Ir \U 3/ H Yi' ! 4 2 J / G[ 1\ 2/i\ 142 J / GE\i 51 :' J 0 "; 12
1 DEI4ZJ/INPAR/IP~/l4~I~K/BKAD~A(1,~I/lAMINL/~KAPP4(42J 0005L3
;;> IM .4 RT 2/ NSI, N S2 1 ~ t!l L er: 11'1 f ce 1 { 1 :J, 2} , WFee ( 18, 2) h'i ALL K\ 11\ KA i~ C ( 2 IJ0) 5 I/i
3 IkAKA1/1KAPPA 2J0515
AKAW(lJ~8K~DP"IIPA.2J JJOS16
AKAWC(Z):BKAPP"(IP4,ZI J10517
I F I I KAP PA. t ). 1 ) CALL SELI', 1>\ ,1 y, .) ') 1 R
00 5 NS=l,NSTCT 00051 c

IFINS.lE.NSTRIGCTC 3 )~052J

00 4 1=1,2 JJ0521
WFCO INS-NSTR,II:l. 2Ju522

4 WFCCICNS-NSTR,I)::I. JJ0523
3 ITYP=NIYP(NSI J'0524
5 AKAPPA(~SI=iJKAP~!l( fPA, ITYP) J;}05?5

IFINS1.EQ.O .AND. NS2.E~.OJ~(TC ?5 )lOS26

4
5

lOGO

1001

c
c
c

c
C
C
C

c
c
c
c
C



52=

o

I}P 21:( lSE 1'.5 =

AND t\S

52NS=t\S

F

DO

6

Y =N1 P 0lS
ATIP=Ä NS *FATIP(~S

°P=PP+ATIP*IDE NS *rnT FI TYP **2 BKAPPA IP ITYP
10 ,H=AT+1l1IP

PP-=AT/PP
00 20 NS=NS1,:\lS2

TYP=NTYPINSl
20\KAPPAlf\S =(~E( I\Sl"'F81IP ([1YPll**?*PP
35 CONTI NU E

00 29 NS=l,i\jSTCT
I 1 YP= r~ 1 YP N S l

2J HRITEI6.30INS,AKAoPAINSl.EKAPPA(I~A,ITYpl

30 FCRMAT( 5X,'CHAtJNFl',I5,': LSEJ Kt\PiJA=·,FlO.3,·
* ,FIJ.3.'J@)

RETURN
END

DI"1ENSICf\ A{7,71
D(l 10 J = 1, NJ
AJ=J

10 /UI.J)=A(I,J)/{~J*f.XF*Y'i\J1

l{E1URrJ

END

r::

r
c

c
c

c

c
c

c
c
C
C

C
C
C

'J
000532

0533
053
0535

J00536
JCJ05
'1(J0535
Je)!)53<;
00,),)40
00054
)005 /+2
))0543
J (')544
) 0')45
OJ0546

I~PJT KA?PA='))0547
J 0548
[I 0')41
'l0055iJ
JCJ055
DJ055::'
)00553
J)0554

REAL FJ~CTIC~ KI~F(3r[1) 000555
c----------- - ---------- --,---- ---,--- ------- ---------,------------- --- ---- JO 05 56
C KINF EljilLUlI.TES THE K Il\fli\ITE VI',LUE ,),)0551
C )00553

C(MMCN/EICAT/ßIl,912~Elj 000559
KINF=ßIl+]I2*8IC1.~IJ*EIC1**2 OJ0560
~ETURN 0)0561
~NO 100562

)J0563
)J0564
JJ0565
000566

REAL FUI\(TICN K~[T(T~1 000567
C KMET EVAlUATES TrE CC~CL(TIVIIV OF TH[ DIN CANNING ))0568
C'-- -----,-- -----------------,-- ----------,------------------ ---- ------ --) 00569
C 0)0571

CU1 ;""C NJ [ AT Kii D1 { 7 j , J 2 ( i I I H'J PAR 11 ?!\ D) I) ') 71
KMET=Dl lIPA)+J2{ IPAI*n J00572
RETURN ))0513
END 100514

0)0575
J00576
))0517
))051d
')00519
)()(J53)

)) 05 81
::))0582
))0')83

)005134
»)0585
)00586
;)00')87
JO 0533
Cl) )589
))OS9Q
DO 0591
000592

sueRnUTI~E ~CDfCCII,NI,NJ,A,EXfl

C MCOFJO C(~PUIES THE CCEFFICIENIS ~ UF TH[ I~TEGRAL PRJFILES UF
C PCr/ER.

(------------------------------------------------------------------
c



[N SLER(LTIN[ ~E~TCN

RG-~ 1R2F=2.
l\=-0.5
ß=-AlCGIRl .O.ji hl/PCJ*~2

C= 2 .. *A
Je 10 T=l,20
F=AlJG(R2PI+A*R2P~*2·P

DF= 1./R2P+C*R2P
R2=~2P-FICF

Ir fAß S «R2 IR 2 P-l J .. L E • 1 • F- C11 IGer c z)
lO'~2r=R2

i4RITEf6,151R2
15 FCRMATU5X,·ST ?

STOP
20 RETURN

END

c

c
c
c
c
c

C
C
C
C

Ci 0593
SURR ~ E 1C RJ Rl ~2 Ci) SQ4
------------------------------------------------------------------J~O~95

NEW1JN F ~OS R2 IN T~E Lt I A (LCuLATICNS OF THE CENTRAL JJ0596
SUBCHANl\E S MJC' HE C[fIUAL pnRTIfJ~,IS Cf THE hi\LL '}dJCL1.tJ :::LS JüCi5'}1
ß ME/\ S nF n· t N EwT(r\ r 1 ER .1\ T rC1\ 'E: TH1 U ) C' () 5}

]J05()'j
)006()
)00601

:100602
0)0601
':'J )0604
J006D5
8)06)6
[)0607
)006'13
)0 'lA09
00001J
) J J611
l)CJ0612
O()0613
J00614
);)0615
}:'()616

800617
000618

SUßFOUTINE NORIYT(t\STCl,t,jSlR ,Tf3T,\TCT,,4SECl,iVFLLh) J~)0619

C----------- - -----------.----- - -----.--.- ----- ----.----------- ------- - -------:):) DiS 2)
C N(RMT f\J[RIvlAL UES HE Cl-A~f\EL TErv?c;~,iHURES TC TH[ TUTAl "lUli( 000621
C TEMPER4TURE,THE SURCbA~~EL TFMPER\TURES TO ThE TE~PERATJRE Jf THE ))0622
C CONT:'d~JING CHANNELS. Il !\CRI'1AllZE)~lS[J IHr:: VALUES UF THE )J')62-3
C T EMPER 4T UR~ S CF n E n r Fe RTI C1'; S :] F rH E \~ U L SUEs CHA: J~J EL '} IO TI-I E :) 0 0624
C TE~PERATURE OF THE C(~l~INING WALL SUlCHANNCLS )~0625

C 000626
REAL MAV,~SCH,~'WC,MFl(~ )0067-7
DIMENSICN A(4?I,ASCrl(?1 000628
CU~ WJ ~! I GEN 2/ n I 'i 2 J I S UP 1/ t SC Hl (4 2, 31 I S J3 ? If SC tH 42 , 3) • '1 SC H( 42. d I Ci Q 062 q

1 II~D3/NTYP(421/~EAt/NPI~(42J,J?r~(42,3)/MUR5/TAV(421 DJ0630
2 IMC96/MAV(42)/~(SE7/~4h( Ll,2,2J/~CSE8/4SCHWC(l8,2,21 0)063L
3 I~CSE1/T4VhC(lE,2,2J/LA~I~3!FIAT[P(42J,FIDTIPI42)/L4~1 ~41 ))0632
4 F2ATIP(42,31,F2ClIFI42,31 J0'1633
OE~=TRT.MFLO~*ASECl/tl(T 000634
ASEC=O. ))0635
oe 1,) NS=l,>JSTCT 10J636
!\INS)=/JZINSJ*FlATTPI\SI 000637
ASEC=ASEC+Alf\JSJ ))0638

11 DEH=DEH-TAV(NSI*MAVIN~J 000639
OEhA=CE~/ASEC 00064C
00 11 NS=I,NS1CT )80641

11 TAVINSI=TAVINS1+DlHA*A(NSI/~AV(t\SI 100642
00 5 NS=l,NSTCT 000643
NP=NPIN(~SJ DCl0644
SHSCH=J. 000645
De 1 M= 1, NP )00646

1 SHSCH=SHSCH+MSCH(~S,MI*lS(H(NS,~1 )1'1647
OEH=MAVCNSJ*TAVINSI-SHSCH )00648
oe 4 ~·=l,NP 0[\1)64<;
RAPPA=AS(HI~J/A(NSJ ))0650
T 5 eH PIS ,"'1 »= T SC HIN S, UI ) .. =: E l- *R 4pp, / '1')( rH NS ,,'''l)J:J06 51
IFINTYP(~S).NE.2IGOrC 4 000652
NSh=NS-~STR OU0653
SH~C=O. 008654
00 2 JW(=l,2 }J0655

2 Sh~C=SHhC+~AhCI~S~,rv,J~CJ*TAVkCCNSJ,~,JWCI ))0656
DEl-WC=MSCH(NS,~)*TSCHI~S,~I-SH~C ~JQ657

DO 3 JWC=I,2 )Q0~58



9
R pp AS 050-Mi065 Cj

"3 A Vl-. C N 5 C N 5h Jet- t HK '1' R/\ P ? i'fi, AC, S C J ö 6 '

4 CQ~T NJE r066
5 CCNTlNUE )()J662

RETURN J0b63
END JJQG6

C Je -)665

C JJ Ju6
C '00667
C )00663

FUNCT1 C 1\ RE L4 M( 1\, C, P , 1 E, T\\ , i' , TL I '11:: r:(, [T y f) , R 1Dk 2L, PH1W H} J ,) 0 {-, (-, c;
--------------------- ---------------.--------- -_.--- -'-- ---- -------- J ') 06 1 iJ

C REl A11>1 CC"'! PUT ES 11-- [ l 1\ fV 11\ ,HI REYNCL) S i'~ J''4 I) ~R S FJ R THE C~ L C J L '\1 I J )) 0 f- 7

C OF HE SUßCHAi,NEl FRHTICI\ FACTC·~S ))06 7 2
C )0)67'0

REAL M )11674
C("'1 MON I 11\ PAR I I P A/ l A~ I 1\ :; 1FT I r ( 7 I / C H / f) I ::; I ,] DA R 3 I PER l ( 3 I ! AYH I rT CfJ RP, ) J J b 7 5

1 IRETEM/TI\Y ]J0676
Tl=TlINER 0)0677
I f ( I PA I 2 *2. NE .. I PA. J R• [1 CGl< R .. E~ • 1 , T \~ = T '1 J :) i](-. 73
RENU =M*r IIA*RHC{P,TPI) )JJ67g
TNY=TW JnJ~30

IF ( n yP .. NE.. 1 .. MW • I P /'> I 2 *2 • ECo " I FA .. M,j ) • I TCJ RK.. GT• 1»)00 ') B1
* Tt\Y=T'Wlh,ll,I1YP f)'::RL{!TYP',PIG,~TIP{IP/d) )))082
RELAM=~E~U *RHGIP,TNYJ/ETt(~,TI\~1 1(0693
RETURN OJ0604
END Jon685

rF ROH-) TURB. )RHSf\I HE FLmJ 1S "HYORAULICAlLY S,M[r'IP1"

IF(RHPl.GT.RHS~JRHPL=R~S~

RHPlUS=RHPl
RCTURN
END

r
v

c
c
c

)) 06 RA
!Je 0637
Je )6,0,9
1))ö81

FUNCT I C l\ RH f) LUS ( HPLUSB, T \11 , 1 E, C PLU.~ , ,.P Li ,:)~; , T ,3 1 , Y[ j-q ) 8) '" S C
C-------------------------------------·-- ------------------- ------------).J 0[,91
C Je: J692
C RHPlUS EVALUATES T~C FL~(TICN R(H+) )00693
C IR HPl = 1 R ( H+ ) = K( fj',H ) ... C( t\ S 1 I {H" + I ,~ ,~ CJ \j S T* (L"ll Tb 1- 1 ) "'* CtVJ S T'" =<1 169 't
C +CC~jSl*AlCG(HR/(0.H*lfU-Rllll ))')695
C [RHPl=2 R(H+I=RIH3t) (F[R 1~E L\ST U~H:AIED ROUGH PART) )00696
C 180697

C( ~ MON / eßT 2 I B 1 ~ C2 , 8 ? , E~ , P 5 ~ 3 b , BI, 3 ~~ • r)<j , J 10 I T P. J\ h SIRH TU, RHS'1 i ::'1) A'J'"
1 !(AT6/IRHPl 0~0A99

CO~RT~~C. ~017)Q

GOTDC1,21,IRHPl ))1701
1 HPlUS=HPlUSW n0J102

C1W=(TW+213 .. 161/ITB1+213.161-1. 0007 1 l
IFCCTW .. GT.O.ICORRTk=CT~**BIJ 100704
G() T(1 3 ) ,HH () 5

2 HPlLS=HPLLSß ))'''17,)1)

3 RHPL = (Bl+fl2/HPlUS**l:'~ 1**e4+85'*'1LrJ;( 1./(Y:;H'~B611+R:3/HPL'JS*~f19* ')007.)7
* CORRTW :)07J8

RHTU=RHPl )0071g
RHSM=5.S+2.S*ALCGIHPLLSBI )00711

OOC)711
~I' 0712
)u071J
J'I0714
')J0115
O~1()716

JiCJ717
))Cl713

)OJ719
;)(J 0 7 zr,

c
c
c
c )00721

SlBROUr INE RNU (HPlU S~, 1W I, lAM I [l ,R::I • ~R I. 13 T, YJH. R lDRZ, R?~R. 0'1, U1 ,JU, ))0722
*REW.YYI,NUI,GHPll 100723

C-------------------·-·--- ------- - - -------.---.----------------------------)) <} 7 24

c
c
c



c
c

ES ~~ S E

T I TET PRI
DH ~2 Rlh

1251* Hl f
VI

CJ H P R

K JR2

)5
26

72
7?Q,

))1)72')

73
J 1)73

0)73;;>
:1d rn
Ci l0734
::;) 715
)) ') 73A
C' Cl 0 737

SUB R0 U TIN E S I 'J1 l 111 { T I':: , TI, Th I , T l I ,N' JI , T ~ T .\ I I I ,J J J , T f?, [Q 1 , T)::: J 2 ,I r I

\--.I\US IN H-[ C'Jr<'JERVJJ vJAlL CIlA\j'JCLS UJ niE ')('1')771
Ir HE KAPPA V\LU:::) 1·j;We RCUJ Cf)r:~RE:CTEJ I'~ C!J077Z

Ci ))773

[J)C774
JJ,]775
JJ0176
J80777
1'.J07h
0)077-9
:)U'173J
') CI Cl 7 31
')l '}7 H2

'1"0733
1 ~W7;34

0(\')785
J:'07'36
,)]07:37
)\1 0 7 3.'l
J,)078r~

:U079-j

S BROUTINE SELAkA ))0738
------------.-----.- --- ---._- --- --- ------.--.-------------------------.) CI.')7 39
SEL ce pures TI-E K,~PP~ \iALUCS F1fz filC SUf)CH1\I~j[lS I\'U T'-U: nn Je )74('
K pp ALUES FCP ThE He Fern IC1\S lFT'1C h~Ll SJBCH/'ltHICLS IJ THE lOJ? 1
L AQ, CALCU t\TICNS ))0742

o i)743
)l»744
0)0745
,)00746
) ') ) 7 ttl

)(H)74J

()'1n74Q
) (I) 750
ClDr)?51
0'0752
):J () 7 53
C )(1754
J)J755
)fl0756
::')0757
)CI0758
(1)075')
))0760
))071'1
'), in 62
)J763
::1(1076+
on0765
Ci.) 0 766
']J071-)7
'),)0763

------------------------ ..~~~---------- ---------------- -- - --- --------- 0 no 7 ö9
SIMlAI CCRRECTS THe ~l~~ELT ~U~P[RS ~NJ THE OI~~NSIONLESS T~~PERATJn0770

URES CF THE UN~EATE=

LAMINAR (AlCUL~TI[NS

SL8RiJU r I f\E KAPCCl(

co~ N L4If\6/.öNGL 1i"Ull<V,\i<A {21/\~l\K;\,)/P, ,Z,Z,/C,'I.P,,!
LA I~K/JKAPP~{7,31/r P4R/IPA

ßKAPP IPA,l =GKAPP~(1.C~CC75*P

RKAPPA PA,~J=FKAP~AIC.47f156/Z1

AlFA=ATAN 2.* l-ZWC IP
ß[TA=2ETAFIP k,lWCI

AU-AG= FA*0\ET
Af\GlA~=TAN ALf48J/TAN tLFAI

2=P**2*TANIALFARI*1.125-C.125*ALF'\B
;J~~2= FöP*O.5
Al=A-A2
P\f,l=Pk-Pl<I?
R=SQRT I ( 1• ') 7 0 7 C; f; -'ILr·~ P J I I 4 .1' Z*p- ;>:< -"2n'l:J I /\ L f 1'1 F )- () • g Z ~12 ) 4* Z\,' Cl< * 2 J I
X=P*SQ~TITANI1lFARl/ALFAEI

AKAWC 11=FKAPPAIRJ
AKAwC(2J=GKAPP~(Xl

BKAPPA( IPA,2J=A**]/IP~**2*{A2**J/IP~2**2*AKA~C!2JI+~1**3/!PWl**2*
*AKAhC I l} 11)

PETURi\!
END

REAL NU!
CGl Mmll ~ E A6 I N~ I N( 4 2 I • J ? r 1\ I 4 2. ? I / I -Jl)j /'H Y[) I 4 ,2 I !')P \ R3 / PER l {3 I

1 I SUB 1/ ASeH ( I" 2. 3 ) / ( ECCI A(H { J 1/1 1\ :<.1 21'" S 1. 'J SZ/I \j:J A()! P :\
2 ILA~[~K/aKApp~{1.3)/lAMI~J/~K~PP\(42)/hAlLCC/hFCJlI1~.21.

3 wF CO ( 1 8 • 2 ) I S U:3 2/1 ~ ( 4 2 d , ,P1 I;) ( 'i 2 • '3 ) I S I ',li LA'11 I S 1'1 P L
IFII .. GLNSl .UR. JJJ.CL.1IGCTC 20
TEAVR=J.
TBAVl=J.
PEKLT=O.
SAfJG=O.
AVRAKR=C.
\VRAKL=J.
DU Ir) NS=\JSl,'JS2
NI==NPTN(f\SI
[ T YP=N T yP p~ S)
oe 1 I) /lI =1 • ~i [)

c

c

c
c

c
c

c
c
c
c
c



T

s

J

KR
I< L

~~ F~ K R
"'P~Kl

;:: N PY S 2 T I ThIT I, l' LI, T:: TAl
2~) C01=1.. REi)l-TU I Hd-TI I

C02'=1 .. L3[=·J2-TU TLl-TII
F SI'Wl .. E) ?lGeTn 1111

ce =1.
c 0'= 1
CO T NUt:
NU 1= ('lU I lee 1
TEl I=TfTi\I"CC'2
n~ 1= n + ( 1 \'; I - TI ) ':'C Cl
TLI=TI+ lLI-TII*C02
RETURr~

E~, !)

11 1

c

c

c

O'B "i

) 3 6
,])')307

".)):,)80(1

))08,)9

:,) 1
.] (I OR
)a08 2
0')0813
::)))8

o 0315
JOS b

JO ~ 7
'10')818
0(10'31')
J)')SrJ
)[I O'L~

))1)1322

)[)JS:?l
000324
'1C'0825
JJJR26

FUNCTIC~ S~FJ~11~HOI.[TAI,J~TCr,0~ov,r,KVIA,qEAI,JAr,S~8lIA,R0 )00821
*G.CSI 000828

C---------------- ------- _.- --- - ---- - ----------------.------------- ------- J ') 01129
C FUNCTION SMFUNl EVAlLflES SWRTll~4ßDA/8J FüR THl 5~JOTH REGIO~ OF 0)0830
C CCPi'lEP SU9CHM"NELS ISECOf'L: CAl(UL;\TIC:~ ST~PI. J00831
C 001832

C[ "1"1 J NI 1\ NG11 R 2 I 3 i) I ,U f.' ( ? C) I C CL A 121 (.JU~ 1A ) J 0 Ü 3 3
RETA= RO/R2II} 000834
G= I G*' 2 • - 8 • 1 8 1 ') + 1 • 2') 7: JE 1 ;\ I I ( 1 .. f- [; ET .'\ I rJ a0 i3 35
If(KVI,\.E;.lIG[]TrJ J '>HFnö

c

))0839
JD083 Q

J)0941\
:J J ) 8 1~ 1

.. ,. !fil 0" 4Ii 4) '" .. lIIiI <B ,. .. ,. ., ". e ,. O' ,. ')00.342
AT THE FIRST ITCRATI[f\ If\ RECA~G

Ar HF TI- E F IR ST I Tr: ~H TI Cf\ IN RE Cn(;

S '~F U~J 1-= I 2 • 5 *' n cc( ( K~ ( I 1- Re) Fe ,,\ I *R. cA I1~)'i LI :\ I - G I * CS + 5 • 5 '" ( J l 41 'i
P ETURN

JAS T2= SC!=<T ( I 1 • - 8 Er V' '* 2 l/ ( 1 .- AL FA I I I l ) * ,) ,{ CVI ( CE TC-; T* S 'IR TI RHJ I I l
S r~F Ui'Jl =es" ( 2 • ':> "' AL C:; f { F 2 ( I )- R0 I *r; HlJ! I Er A I ~ U4 ST2 ) - G I + 5 • 5 ~< CJ l !\ NI A
kETUR~j

:NC

c..
<-

c

C..
"
C

3

)01)843
))')844
100845
"I:J f! 9 46
000347
)(;OS453
:I) )849
QD0i3S1
):)0;351
'Je' 0'3 '):2

SUBROUTINE SUQnHI~,~,Kl,NSTOTI JOO~53

(--- --- ------------------- ------ ----------------------------- ----- -------0003 ')1t

C SUßDi-J HALVES Tr.. E K.H ~XL\L Sr.::CTICJ IF CC;-~VERGEt,C[ DR:Jf1LE"S lOi855
C UCCURPEC IN Ir 0008'56

c
r:
c
c



UO)8'57

J:) 085
•••• ')0095'1

):]086)
)0036
1(,0(362
)')'1363
)(J 'J D64

10n965

o 42 3 GR 03 X IJJ HE 6 NDIN 42 , PI~ 42,3

IHLE OF 1I-E f:XIAl [f\C CES rs 1\':JO

F N. T.I00 GCTe 2
WR TE 6,3
FOR ATIIHL 5X U~q[R CF ~XIAl SECTIONS lECCMES TOD GIG·'
S DP

TSI=O.g6+0.54*12.*IR2-Rl'/XI**C.4~11 •• G.48*IR1/k2J**0.371

IFITSI.LE.l.JTSI=l.
TIS-=TSI
RETURfJ
::NC

CCI\TINLC
NI=N-K
'~= N +L
DU 10 1= 1, "j I
I 1= N-[ .. 1
x U+l)=X(II)
X(I!)=X([[-l1
D0 1 ~~)= 1 , t'l Sr GT

NP=NPIf'.{f\SI
[)n 1 f'J, =1 , ,~p

1 YYlII,NS",.q=YV(I[-l.I'\S,"q
10 CC!'JTINUE

XIK+ll=(X(KJ+X(K+2' )~C.5
D0 2 0 r~ S= 1 ? 'J S HH
Nf=I\PII'\ (I\S'
oe 20 ~=l.r~p

20 YY{K+l.NS,~I=YYIK.NS,~)

i'\l=K
~~RITE(6,301

3 0 F 0 fH.i\ AT ( I 130 ( t ~ , l/ I )
RETURN
END

c
c
C

3

C
C

2

c
C

c
C

C

,)())867
) [1')8 68
'))':')869

000370
"1')(1"111

JO(l>172
)[10873
l() '1'3 74
J))375
'JO ')'3 76
):)0877
) 0 03 7S
'))0879
0[;)3·3)

000881
())O;J 32

JC!OH83
~)() Oß 34
100'185
J.JO!=\86
·'))0887
J;)0888
))0'\89
:)00190
JO')WH
'n 'V~92

JC'J893
FUNCTICN TI5(Rl,R2,I~LI )00394

C-------------------------.------- ------ --------------------------------- ') ') 089 '5
C Tl<; EVAlUATES T~E COkREC1[(N FACTOR FJR TH[ NUSSElT NU~lE~5 I~ JJ0896
r: THE RE3IC'J ,-'lHEii,E Tl-E T[~JF[RlITU.([ ?fWFIlE IS ~\jOT vl"-:r FJLLY :lC!)Qg7
C DEVELooEO ( (t-l<;E CiF TLFf3LlENT Fl'~,J I )"J0398
C INU=1 : FOR S','CCTH Q[CS JOJ899
C INU=2 FCR ~JUGH Rces )00900
c [NU=3 FOR SMOCTH lINE? 000901
C 080902

CCMMON/lNITl/X 00')903
GOTO(1,2?3I,INU )CJJ9J4
TSI=O.86+J.3*(2.*IR2-Rl"X'**G.4*(~1/~21**O.2 OJOS05
G0 T0 4 Cl DCl Cl ') 6

000901
**$***** ••******~******•• ******.*******~******~******~.*******.***080908
NO EuU.\TWI'JS AiU!Wl\Il/ISlE /\T Tl-E1C'1E!\jT FCR TiiF UjLET EFF-Ecr ['J ])J9,)j
ThE CASE CF Q,CUGHENED ;;OC5: THIJS, I\T UW=2, HS=l 1S P.1DOSi~J )009lC
******* •• **********4~******************~*******:********~****~****Jl0911
iSI=!. J009P
GOTe 4 OO,)91~

) 01914
[')091":
-H' 0916
00091 7

J00918
)Ci ')91 9

00092,)
00092L
')( 0922

1

C
C
C
C
C

.~

L

C
3

C
C

4



LPIG=IIYP**2-IIYP
PbR=RTIP*PIG/lPIC*Z.
TNU=ITL*PERL+TW*PHRJ/IFEPl.PHRI
RETURN
':NO

c
c
c
c

c

c

C
(

(

c

c
c
c
c

c
C

))923
(, 0924
),),')925
0)"92":

FUNCTION TMEIPAT,Ml,M2,T ,T2,lb~1,L~~2,Al,A2,CTURB J10927
C----------------------- ---------------------- ----------- --- ---- ---- -- --::J~' nq:2 ~

C T;~E EVAlUA ES TH 'JlASS FlC\;, RtTES PER UNIT LEfiGTH EXC-1L\'IGE:O JUf:: JJC!CJ2'i
C TC TUR9UlENCE 1J0931
C iJJ911

REAL Ml,M2,LAMl,lA~? jJJg3~

T12={TIH'1+T2*'~2)/1 H+v2) Oi..F!33
RHOl~=RHCIPqT,T12) J')J934
RH01=RHC(P~T,Tll ))0935
RHC2=RHCCPBT,T21 )0003t
UA SHZ = ( SQ R T ( lA M1 -:-: 1. 1 2 ~ I *' 1'1 11 RH Cl+- ';) >{ T I L '" M2 ,,'c) • 1 25 I '" '12/ r< H1]2 ) I I :'\ 1 + /\ 2) y, J'} 37
TME=CTURe*RH012*UAST12 IIJO')3~

RETURN ))093S
END 1J0940

JJO')41
1[IJ942
J Cl 09'd
::iJ 0944

F UNe T 10 N nl U( Tri, TL , IlY P , P EKl , P I G, 'U [ P I Q'Y19 4 ':i
------------------------------------------------ ------ ---- -------- J ) 09 4b
TNU EVAlUlITES Tf-f T'::f'JHRiITUf<F n A'-lICH REY~CU)S fJUMo,[f"S "'lUST '1(!0947
CCMPUTEC FOR H·E CMCULAl I(N CF L \lIN.\P FiUCTIGi FACTJRS ()(jl'14~J

lC'0'14Q
(\('J')5:..1

'009') 1
:) C',)9 ) 2
JJOC/53
')(, 'YJ 54
J)(\955
)['')95 tJ

J)0957
CJ 0 095 (J

FUNCTICN TU1ENUIREI,PPIJ )jJ951
C--------------------- -------- ----- ---------------------- ------- -------) ') IJC)", n
, TUBE(\JLJ EVAlUATES HE f\lSSELT NUMdER UF .A Td')t: 'vJITH THE SA'1E REYN JLC'00961
C AND PRA?\CTL I\Ut~8ERS AS TI-[ Mf\LLH. SECTICI\ ;.rijSE (i-'.JSS SECTlO'lAL FJC)1b2
C AREA IS EQUAl TO ThE A(TUAL AREA I TJ~ßUlE~T FLr~, SMJOTH R~D5) )J0963
C ~rnq64

A=1.07+SCC./REI-O.63/11.+10.*PPI) )009h5
FTU=1./ll.82*ALCG11IPEI)-1.~41*.2 J809h6
TUB ENU= F TU*1) .. 1 2 5*REI • PRI I I A-+-1 2 • 1 'I< :)) {-Z TI F TU"< 0 • 12 5 I * I P R I ** (2 • I 3 .. ) - 1 • ) ) ') Y=I G7

*J )10968
RETURN 100969
ENDJ ,)()9 7'"1
FLNCTICN TUR~W((CTU3,E,PRA[,D,W,C9GAM~A,Al,A290[1,UE2,Elll 00J971

C-------.--------------------------------------------------- ---- - ----- --:) (\ rJg 7_~

C TUR8WC EVAlUATES 1I--E (f:O'ETRIC CCN)T~'HS FOR THL: TUP,iJUu::n :JC'!OC'l73
C EXCHANGE 8ETI-IEEN He H.e i=CRTICf\,S OF TH': "'i,"lLL SUßCHlVJNELS }C!JO,74
C Jono75

SINGAM=5INIGAM~A) J)J976
COSGAM=(CSIGAMMA) 00J Q 77
PERSEP=PRAO-O.5~C [(')'/78
Z=W-O*C.5 )Q197q
EM2=C*O.5-EMl J0J99J
lW(=EM2/SJRTI].1 120nql
A3=EM2*Z~C*).5 Jl~q9?

J3=D**3 O~Jll3

C 2 =C"'*2)() n H
E2=E**2 )0J935
Z2=Z**2 OQJQSh
YB3=C*O.5-EM2/3. 0))037
X 63= l- IV!(/3..)(1 )9 '3:J



['3 td (je; '1Q
)0 )9'-1

(; 09 1
1992

:)j'c) (13
~. I J Ci

(I (J

C;.Y1Q 7
C 101997
C OOJ997
C 8)0997
C 000997

F UNe T c TWC fE P ( Q-{ i~ Ct'R T \J\ :1))9 9 8
c·_- -------- ------------- --- -------------------------------- ------------.)iJ 0999
C C EP CURRECTS He: ce ?L TES F[J[ rr::v1oE~;,'\TURE TU TAI« PHi] i\CCUJ·H Y11Q.}O
CES lIl:~ OF H::: T EF'''CCfJUPLES I.'~)IOE THE CA\HlU!G)Jl()Clt
C 00 t ')\)2

ce rv'JN/CAfKN1 Cl 7l,C211}/HPAI-<IIIJ~)C)lJY3
D1=(1 IPA) 00t104
J2=(z( FAl üUl();)5
WCT[P=(-Dl+SQRTID1*~2f2.*C2*IDl*TW+l.5*D2*TW**?+QR~OAR111/12 OJluJ6

RETURN }J 11tH
~NO J01102

C JC111)]8
C ;):" 1'}Y'l
C ).)1JOJ
C 011008

FUNCTICN TWFUN(NRnn5,\5TC1,DIG,~1C,A\~1 )JIOlY
c- ---------- ---------------.---------------------- --------------- ------------) J 1 0 1 c-
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C 101112
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SURRUlJTII\E TMPUNINSTCT.NSTR,TE,PE,PEJAk,TEl,PEl,PE1ßAR.
*I~DPR,MFLOW,IPAST,IPAEI\[,IREACl.XL'Ml.STlEN,*1

10TH ('\RC:
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NSk=NS-~STR 0111sr
tJP==I~PININSI Cl y1l51
\''1 R1: T[ ( l • 4 I ( ,.", seI- 1 ( '~ S , ,"1 I , T SCH1 INS • '~ I • v. = 1, '.~ P J J ;) 1 1 ') 2
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0)1157
0)115"
))1158
))11'>8
J) 11 ') 13
JD 11 ') r:
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13TIP#1: THE TUR9ULENl CßlCLL~TI[' 1u;r rE ?EkFUR~[O

HdftV=C).
A,I.lT=O.
11=0.
0000=0 ..
HPLlSl-=C ..
HPlLS2=O •

I3TIP=3: THE lA~[NAR (~lCLl~TIC" ~UST BE Alse PERFn~MED

All SUß-SUßCHM,NElS I-I1\<E "lEE"! (('PillE]; "VERAGl: SU I1-SUf-\(;HAiJ'll'::L
V'RIABlES WIll EE ~CW ((~FUTE[

IhIAV=lkIAV*12./PIG
ATSCH=ll/A'\.1T

RhOl=RHCIPß.ATSCHI
l AM SC H I " S , M1= ( (& T/ J f) [C ) '* >t 2 ) *2 • '* CET'I: RHlJ T / H
121 I P ( NS , "11= 0
F2ATIPlf\S,M)-=1.
f2DTIP (f\S,f'I)=l.
IfII31IPINS,MI.EQ.2JGC1C 30CO

IFtITCCRR.GT.IIGCrO 2SS9
1SCHCNS,~I=A~T*ASCH("S,M)/~T

ISCHINS.MI=A1SCH

REAL MEC,l~ SCH KAPPA LA~LA vSCH
vi ~CN S Uß 5 IL -'lV1 SC I-: 4:/.,? I CE'111 Cf 5 / S J n Sc ci 4 L • U 1') ;\ R. I A

1 ISU86/TSCI-:1l42.:? CLRRlI:;r; II~2] .F'HI<42 J

2 Il MH ~J '5 RT I P ( 7 I I [ A1 / P I G SUi~ J / rl PLJ S ~~ I I; 2, 3 ,lW L !J ') 4 2. 3
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CD=OE(IJ 001100
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TRSSC2(NS,~ I=TI n012'JS
T~SSC21 I\S,M l=lhl )012J6
If II.GI.ll GOTU 1 OJ1217
T35SC11 NS,M 1=11 JJIzns
lWSSCll ~5.~ I=TWI )J1219

1 CO~TINUE 00121 n

IFIM"GT .. l)G(JTU Zggg
FIATIPINSI=O.
FlPTIP-=C.
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12TIP(~S,MI=I3TIPINSt~)

IFI I2TIP(NS.~I.CQ.IIGJTJ 2S71
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L ~lA~=AKADOACN<;)/Rf.LA
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FCR lA"Hf\lAR AND FiJR TLRßLLEfn Fl'li ( rltk[ CC"'tS THE CALC!JUHIY~

IN IHE CASE DF TURßULEI\T Fl[~ 1

(CNTINUE
FlA TI P ( NS1= F1 ATI P{i'J 5 I+t SCfe ( 1\ S , v. )1\C IAUJ S I*F2AT I P ( NS, 'I)

FIPTIP=FIPTIP+ASCH«(\S.M}/ACH~(1\51*F2ATIP(NS,~)/F2DTIPINS,~J

F 1DTI P ( 1\ S ) = f 11\ T I P INS 1J f 1 PT I P
I F ( I RH. [C • 1 • 0 R• J 2 T I P ( :'; S , '" I • [ 'J • 1 IRE T,J RrJ

~PlUS8{I\S,MJ=HPlUSl/AT

HPl~Sh(f\S,MI=hPlLS2/AT

CPl=CP(PE.ATSCH)
QPlLSINS,MI=QC(~S,MJ*Al/(SUR*AMT·CPT*IT~+273.. 16JI
pp~ {NS.~I=ET~(P3.ATS(h)*CPT/KAP~~(Pq.ATSCHI

YODH(~S,~I=J.5*(SJRT(D*~2fCET*CJ-JI/RH

RETLJR~J
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END
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lA~SCH{~S.M)=lAMlA~
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F201[PIf\S,~J=FDTIP(lJ

HPlLse (f\,S.t'1) = 1.
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QPLUSINS,MJ=l.
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SSCHF~=1q.OS86*ALFA
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C 001314

2 CCNTINUE JJ1315
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j LA~I=8./SQ3LI**2*rClA~p

SSS=4A/SCRT(LA~I*~/(2.*o~C[.[C) I
S OD PG I =SQR T ( AP, S ( S (J '"Ip G* *2 t: '= PSI - I (:"\ \V "'R. IU I *9 ;'30 .. 6 c., 5 *11 I I
AM2=SSS*S~DPGI+SIG~A*~J

IFlIT.EC.l .ANJ. ITW.EC.ll(UTC 5J
IF(A3S(OLA~1/lA~I-l.l.l~.1.E-C4JGOT~0

PlAMl=PlA'4!
AfJ3=AMl

50 °ll\MI=l1\~I

I t c\M 1=AM2

C
r

"C
C

30

")
L

C
3 1

c :JJC):J7C:
C END fJF Leep I T )]'I')1C:

C ].},Yl]';

}~ RI TE ( 6 , 5 I I , " S • K, I T ti , I 1 CeR P , ~ A• [ c , '\ l F.'\ , L A'1 I , PL ,/)" H 1., 413, i\ '12, Tl. T r F., ') C') ') 7'
1Th [ ,P H I , S I G,"1 A YJ Cl J7 C

') FCRMATIIH1,5X,'CJ\LCUl/11ICN STCPS: IT=I.] FOR SUJCH.',IJ.?X.IICHArH·j:::O(I))7c
*L NR. ' , I 4 , 2 )(, ' AXI ,\ L SEC T IC r\JI'~ f; • ' , I 3 , t I I • 2 X, I I T \,1= i • I 2 , 2 X• ' I TCIJ ~ k =• , :"'~' ,j 0 1 C;

* I 41 5 X, ' AA=' ,E 1 ') • 5/ '5 )( ; • [ C= I I E I. 5 • 5/ :> x, I Ä Lf= A=' ,E I. 5. 5/ S X, I L ,~ 'H =, , [; 1:; • '5)U ) 7 ~

>'< / Ci X, I r L AM1= I • E I. 5 .. 51 5 X, I !\ IJ I. = I , [ 1 5 • ') I 5 '(. I ,0, '1 2 = I , E 1 5 • 5 / 5 X. ' TI = I ,C I 'J.. 5/ 1)') () f)( J(

*5 X• ' TI E= I • E 1 5 • 5,1 j X, • TI, I = I ,E 1') • j / :5 i(, • ;> HI = I , E15. 515 x, • S I '~ 'lI'. =' • E 1 5 • 71 :" ) ,) (l 'L
RETURN 1 0)")i)SC

C OOOOJ~



))0084
oe l JU 84
000')84
,)(OJ34
))0084
JO 0034
::n n f)!14
,)00J84
:)[,J035
))0)85
000085
1')CJ085
]C,) 18 '5
CJ (} 0:)85
)C,)Oq'j
JC())85
):)0,)85

J )0095
y,)) 36
)00,J8"

) '3
') )

)U Oll
CJr 031
))'J081
Ou,);)81

• ))OJ131
) C,' 0) d

000081
o ),)"! ~

=1,))0082
(! e, () 'l '32
CJO J82
10 1)82
000)32
Y")i)H2
oe'JO,-32
Wl0P,2
0:1 VH2
')0)0 8~

00 J 083
UD ')0'13
OCJ)08~

n000')?
OC 0'18?
)OO)8~

e' J0083
)0):)83

)(Jn08?
))0)83
0)J083
)OW)d3
)0 ,)083
)00084
0[' 0184
C' OÜ 184
OOOO'J4
000)84

Ky

[ Cf. C[ [J 12
:3

(N TC) F 1\0 :lee TE Ptl<ATURE FJR HE FiCUGlj PART

=K PPtl ß,T
pp =ETAI*CDIPG,TII/Kl
CA l r~u HPlLS" T I d ~ I t DR I[ Y]ii R Dprj 0

JJ i\jU.GHPL
lFA =\LI*K CC~F~C~[

THJ=T 'h~A/!\lFA I
I F ( AJ S ( I I \Ai I r ,i ! - 1 • ) • L ~c. ] • L- C ~ I i~ C T=1 ,-~

Tj<, =TI

[NJ rJF lcor n v1

HPLUSl=bPLUSl+HPlLSP*tt
HPlLS2=HPLUS2+HPlLS~*AA

RETURN
EI\D

CCi'4MC NI GAf\1AI~ IC Xx
XYT=(Xl*Yl+X2*Y2l*CXX+,Yl
YT=(Yl+Y2l*CXX+YT
RETURN
2ND

13 TW[=TW ~S.JJJI

12 AMT=M'T +/lM2
TT=TT+Tr*A"~Z

DCDD=DOCC+S'}S
I F ( I P. H• ;:: eIl REr UH'J

WRITE { 6 dill, J J J , :'~ s
11 FCRMA ( 5X,'C~lCJlATI[1\

~~12,2X,'~S=',I5,' 1 ' 1
RE TURN 1

c
c
c

c:

c

c

CP=1.242
Rf:TUR!'j

c

c

Dp= P

20 CCNTINUE
C CASE GF (02 CJCLA~T

c
c

F UfK T I C 1\ CP ( P , T )
C---------- --~--.-------._- --- ------- ------- ---------------- -----------
C FUNCTIC'~ ep EV'~LU,\T['S HE SPECIFIC HUT CF THE (UuL/\~JT IC1\l/G K)
C

s U'3 RCJ UTIN E CF 1 ( Xl, X2 • Y1 , 'y 2 ,J P 1 , 0 P .2, IT VI '\ , X'y T , YTl
(-_._--------- -------------- --- ----._------------------------- ---- -------
C CFl IS LSED IN IHE CAlCULAII(1\ CF ThE AVERAGE CROSS-FlOW TE~P[kA=

C TURES AI\C VELCCITICS
C

c

c
c
c
c

r(~MCN/(ßSD4/1(AS

GCTUlIO,20,30,401,IG,6,S
10 ce NT HIIJ E

C C AS [ C F r EL I U,~ (C CLAn
c



ETA=18.A4E-Jj*{{T+213.1fI/273.161**J.~6

!<ETURN

,Jr=p
11=1
P=PP/1.C333
T=T1+273 .. 16
TC=Z73.16
TF=TO/T
i::TAC={ 1.':4E-7*SQRTITI JJ{ 1.+122fl.lf) l
ETAr=ET~C*(1.+4.73~-?*(P-l.)*{Tr*~31)

E T 1\ = ET ,H*9 8 .063
p-=pp
T-=T T
RETURN

T=
;3= P @ C333
T=TT+27~ .. 16
TO=27 "':3 .16
TF=T'J T
I F p- 1.. I 1 9 1 , 2

1 ECP = P -1.
;0 T() 3

2 ECP = {P -1.1~*1.C5

3 cpn=.11E+3.51E-4*T-2 .. ?4E-7*T*J+f.OJE-ll~T~T*T
CPF = CPC*(1.+1.~SgE-2~[CP*(Tf**3.35JI

CP=CPF
T=1T
p=pp

~ ElUR',]

30 ceNT INUE
Cp=o ..
;1.E TUR tJ
CGNTINUE
cp-=o.
RU URN
-:NO

\~ 0 C[1 N TI ~l UE
(ASE CF C02 CCClA~T

30 cun INUE
ETA=O ..
K.[TUR~~

40 ((NT [NU E
ETA=O ..
RETURN
END

c

c

o Rb
JJ )86
W)OR6
') Jl.YFI6
')ClOORf:,
OUI)86
)00'186
JO('()16
000037
)OD)<}7
0(1') )'31
,) (l') ,) '3 7
00,)087
0,)0)87
00(\'J87
000087
OD,)087
00')]87
)(10')8'1
J JC)3rJ
000089
0(1')188
C' 10083
'J00038
c,on!J3
)0 JO J 8
)00')'38

FUNCTIO~ ETA(~,TI 000088
C-------------·----·------------------·--·--- ---.---------------- ------------ J) 0 O.'~ 8
C l::T4 EVALUnES Tl-[ [lYNA1'IIC \tISCCSrTY i]f THE CO(JLI\~n (G/e, )) )0008 1

C )0" Be
CCMMON/GAS04/ICAS 00)088
GCTO(lO,2J,30.401,I(tJS '1:)008S

1) CCNTINUE Don1as
CASE nF ~ELIUM CCCLANl 00018;

')(\ oose;
00008S
ClOJ08:;
(Jooa,E
JJ01'h
JJ 0 '):3,
OC!f, OWo
JOU)9,:
'):)on9C
:) 00CJ9r
JJOiJ9":
,)Jü Yj;~

00009,:
)JOOl)C
J)ClJ9C
(0)1)9;:

lCl009,:
,'je JG9 1
"00')91
:) C1(l·)91
J)))91
:)00091
J ))191

JJ0091
DJ!Jü91
'-' Ci i):) 91
0)::):)91
000091
o::;'on91
JOJO'i1
JO}091

c

C
C

c

c
c

c
(

c
c

c
c

c



E F C ON KAP A P,
9 -

------------ -------------- - -- --------------------------------- - ------- De! 'I 92
C KAPPA E\lALUA1FS HE THP~~L CCHLCTlVITY cr- THE CCCLA~n r 1(!)j(r

CA C~ S K) )JOJ72
C JJOOq~

CCMMCN/GAS04/lGAS ))0092
001o(10,2J,30,4('1) [(1\5 ')00)9:

10 CO~TI~UE JJJ092
C CASE oF ~ElIUM CC[l~~l QJJOg-
C U )09::

KAPPA=35.1E-05*(CT+213.lfl/?73.1~1**a.J6 J201g~

RETURN Doan9~

c
20 CCNfINUE

C CASE CF CC2 CCUL<'\NT
C

pp=p
11=1
P=PP/l.C333
T=T1+213.16
10=273.16
1F-=HJ/T
I F CP- 1 .) 4, 4 t :>

4 [Cl = 1'-1.
GO TO 6

5 ECl -= (P -1.)**1.25
6 If(T-TO-125.) 1.1,2
1 CA=3 .. 4943E2

C8-=1,,07<:8E5
CC-= Z • 7 3 3 lE7
GO TO 3

2 CA-= 4 .. 04 UE2
C8=1.5';;(4E'5
CC=-1"gZC6E7

3 CLAMC-=( SQRT (1) 1/(CI\·HCPIlI·HCC/n*TlI )
ClAMF-=ClA~O*(1,,+2.14E-:*f(L*(Tf**2.3611

KAPPA=(lA~F/360.

p=pp
T=T1
RETURN

C

)( ')09~

) J ()Oq""'
)JO')9'
')CJ09_
nnn()9"
))009':
J CL'J 0 'i ~

'))009':
DO (J09i.
iU(I)94
::.<,0'")94
:) ') ')"))4

00e))94
):J(\;J94

)J0094
lC./C)094
r"10 ill94
)(3(>,)94

)J nn95
non)9!~

:) Ci ')095
J;)00')5
) iJ i)i)q ':

jO ),)95

}']009S
Je )1-15
nnC)95
:n 0')9 5
) ') (1'196

T001=21~.16/(273.16+T)

RHO=0.112823E-JJ*P*TCC1-C"SC4002E-J7*~.*2*TCDT**2.2

RETURN

20 CCN11NUE

30 CCN1lNUE
KAPP/\=O.
RETURN

40 CONTINUE
KA?PA=O"
RETLRN
END

C

() eH.)<) 96
):iJ09 l j

:) )0096
OCl0CJ9j
,)) (\.) fl6
),)')096
ue ') )96
J:J0096
000096
JO 0096

FUNCTIG~ RHJ(P,ll J'l10Q6
C-------------------·-- ---------------------.---------------- -------')) 0 096
C RHO EVAlUI\TES 1H JEI\SH'r CF Tl--E ClOlMH lG/CCMI rJe')(\47
C J10)97

CCMMON/(ASC4/ICAS '))0097
GOTC(lO~20,30,401,IGAS 0001 e 7

10 CCNIINUE ,)~J097

CASE CF ~ElIUM CCCLANT 00)097
:J (\ ')1")97
))ongl
000")97
)8·JI97
):])09'3

OOOD9i'

C
C

C
C
C
C



I 0
000'J9
'Ir') 'Ja;

:l 01<] 8
OY) 11
(, 1)) 9 i1

ODe) )98
CO!) 8
"\ ;)99

) Cl 99
C1C!onqq
)OlOCi
)00 YYJ
")r' n 99

Je' ;JJ'l9
));)]'j9

:) 'I r)(-i q'-j

.e333

E CF

T= 6
TL= 2 3 b

T-516 1 2
C = 0 34
Ge 10 5

2 F T-7 5J "I 3, 4·. 4
3 CK= 650.-11* 1.E-4

Gn 10 5
4 C = .01
5 TF=T,j T

ROF=1.Sf:35*'P*TF*11.+CK'*P>l Tr**::ll
RHC=ROF*C.D·)l
T=T1
P=PD
RETUfH~

30 CCNTHJUE
:{ He =;).

RETURN
40 CONTINUE

RHC=O.
RETURN
END

c

C
C
C
C

r)) IIJ qy
oCl IJ 1 ,)~!

G )rj1

c) JU 11)
:1):')10')
'.JJ 0 l)()
J)()l").J
\))0100
('))10e

(1 ,) 0 1)~"

,. JQ 1 0)
O)Olfl(

J aCH ilJ
J(I) I. (I)

i)'Xl1JC
S UßfW UT I. NE ~ EC 41\ G ( I ,~, I • i\ ~ • i< • I VI f", { ,{t-J .~ LF~ , i\ MI\l • TI. P lJ • D, l'i. F\ ,~ ,JE T] T CJ ;] lO 1

*. PR OV • C AI. C'3 I • A /j r • Aß I • C• 5 5 54, S S S 3. ~'H I • r\l T YiJ • H 1. H • pp, I. • DR2 • S )D P G • J J C' J 0 1 J I.
*J • TE. S UH • T I-. l, AM Ar, T~ I • AfJ EI. T i3 T• I I I , T I t • T TA V, HP LUS fh HP L j S~e.J .\ \IG T • E"'11 n J 01. ')1

*,XCl,XC2.*.DE?A.CSI 01~1.01

C·------------~--·------------ ---------------------.--------- ------------ 100 1 J 1
C SUßRDUTIN[ RECAr-.,G E\/ALl'\HS Ff~ICTrr~ FACTORS MID APiJfUXI'1i\TE -'1:'1.55 OJOlli
( F l (W k\ TE SA 1\ 0 T E t~ P E KAlL PES r CR \,n L L- rv PES L8- SUt'. CIl :\tl Ne LS • e)') :) 1 ')1

C C' ) i) 1 u 1
Q,EAl LMHI\.LA"'I8,KI, K~Pr:i\~\UI.f\U) 1)),)1)}
CD41"lCJ NIe OR R 11 SI::; "M I ( l.j 2 , 3 ) • PHI I (4 2 • :I I I C() LI\ "\1 leu Lt, W31 C0 L\ \121 CCU\ ',11\ ) J 0 1 ,) I

1 ICCRR::'ICHI(1(3.2.~).PSI( 18,2,2.)/~RliJ2/YY( 110,42.31 ):101"),:
2 IANGI/RA21601/~Eß5/CC(42,31/JAT/PIG/REC1/0vERTlq0J,?{hO(gOI G)01}~

3 /SU320IDRCVI(lE,;)/GEfJ5/DE(42)/SU322/T~(~2j3)/~1ART/ITCO~R 1)010:

,.-' 1& _ ,. ,. :0. '* e 1& ü)Ol Q?

c

c
c
c
c

4 1 5 U "= 2 11 T S0-6 I I. E • 2 ) • 1 seI- '3 { 1cl , 2 I I C) Pli, R 11 ,,; J [ VI \J PM~ 2. hR I 1"1 , \) L J EV
5 11'1 SSC ~11 1 0 ELT I f ( 1t , 2 •9 J I • C1 r E\ v ( 18. 2) 1 r. s SC H2 1 T I J ( 1 '3. 2 • cf I) I
6 /I-.SSCH/T1SSCll lE.2I,T2SSC 11 1d,2) ,T lSSC211e,21 ,T2S5C21 lU,21
1 IW 5SC HO I T BS S C1 ( 'i 2 , ~ ) • Th S SC 11 ':t 2. , 3) ! TB SSC2 ( -l' 2,] I ,Ti: Ssc 2 142 • 3 I
R IGRAV/IGRAV/GASP/LPSI/GAAC2/FCJP~21l8.2)

I C S= 1
IfII.GT.IJTWI=Tkl
If ( IT CO RR.. E ,) • 1 I PR r; \I [ I I I I , '" J J 1= H Cl
Dl-<C\i I I I I I ,JJJI =PR=V
OEPI\=DETCT
akOO=QC{~S,JJJI*~JEV

Q=QROD*ALFA/(2.*PIGI*~1

~A=CRCO/SU;~

JLIN=Qll~~*Hl*]lCEV

AMABI=Ai"AI.

UCP ITw1 5TIIQ,15 IC;\lCLL~TIU\ Cf Li~3'JLK TEMPfFATURES 01-' THE
TWO ZC~ES DIVIDEC HY T~E TAJ=O LI~E, TAl A~~ THI I

DO 20(IC Ihil=ldO

()OO l;)~

~)oo 1 )~

OJDlü;:
();::1)1G;:
QDOlJ;:
))01 u:
JC)C:l)~

Cl) 01 ):
ClJOIY
) n 1;):
;):»)10::
(I) I) 1 J:
J}'llü~

I') r) 1 D:
c. JO 1 ,):
J)Cil)~

)';01\)'
:) ) 0 t 0 4

fJ ) ,) 1 JL;
,:\')')lu""



c

c

800107
(i) 0 1 J7
\JOGl(),
C'IOJl :)7

010~

) 1 '
OJ') J'
0001 :
::JOD 10"

25();IO O~

~\:)O 0'

OJO
00010'
:)101(J'
00011(
,))010,~

(101)c
0')1)101'
OJ01 I.

D 01')t
)O)1I)t

'lJ010(
I))OlQe
OOOlOe
)O~)J. nl
JOOI07

CN

= 1 20Cf) 4

IF!IVIA.E'J .. 2 .Ci<. ITl<l.GT.llCCTC 1

00 7 TIE~P=1,6G

IfIITw .GT.IIGtnr: lr:Sq
IF ( IT C[ 0" f{ • GT. 1 .~'u. ']J \J S y J J J .::; T.. 1.. [ - I) 6 GU r 0
TA 1= TI
TRl=TI
GOTC 26

~5 CGNTHWE
TAI=TSChb III,JJJl
TßI=Tsc~e III,JJJ
f[=HAV

26 CCNTINUE
IF(IT~.EQ.l .A~C. I.EC.lllhl=TGI
IFIITh.EQ.IJTWO=Twr

1';<;8 ceNTINUC
ETAlI=EfliIP"l. Tl\1 I
ETAß=EH (PR T8 I)
RHOA=RHC IPFi. TA I I
RHOß=R HG I P'1, Hl I I
ETAIW=ETAIP3,TwII
RHCIW=RbnIP0,T~II

QPlLS=QA/IA~AßI*coIP9,T~I)*ITE+211.16IJ

c

Gur ITTE;'1 D ST/lfHS CAlCll,\TICi\ er THt: FRICnmJ FACTUP,S
C THt= ASS FLJ i{ HS F[r~ H[ T\\C Z: iC:S JIVICE~ GY TH[ T,~

\\j;J OF TI-r~~Jli< TC iJFRtfli~[ TI fJ~ T E HOLE SUfi S'JI:3C

r:;

c - ):)01C'1
C CAlCUlATICN CF T~t aCSITICN CF T~E TAj=) LINC 000107
C C;' ') I) 1 ')7

Ct\ l L TL 1 NE I I, A [ , I T T ;:: Iv'! P t ~'I ~ , K, !\ LFA, ) ,,~ , I{ H, JE? ,4 , P Rn v I ( I Ir, J J J I , I 1', H, !) Cl I) 1 01
*DAI,CßI,n~I,A3I,R~PL,C,T~I,TE.CPlUS.ETAA,RHOA,FTAß,RHOß,ETAIW, D0010~

*RHOIW~A~GT,[Ml.XCl,XC2.TBI,~E5CC,CS) 0001Q~

C DJ010f
1 CONTINU~ OJOI08
PAI=4.*A~I/JAI 0)0108
RO=O.5*SCRT{G**2+C~[Gr} OlQI0E
YDH=lRJ-C.5*OI/RH GJ0108
IFIITTEMP .. r:J.l .tHlO. ITv..:':C.1 .~i'J). IT.-H.EQ.llCCTD 3,) i))0108
'!!'@ ,')00102
AF1Ef< lHE F[f~ST ITE'n1ICi\ HE: FRfCTICi\ FACTCRSARE EVALU,H'::O
t3y ~~EANS CF Tf--[ REY!JCLC'S I\UM8Er<,S -'\;U UF THE FPICTIC'! Ft\CTDRS
CCMFUTEC ~T T~~ PRECEEC]i\C ITERßTIO~

c
c
c
c
c

)01.0E
::1:)01.0'1
GOOl!)<:;
'JJ01'JC?

REAI=A~~I*OAI/(AAI*ETP~1 0001J9
REBI=A~AI~nBI/(~AI~ETßEI J)')109
RE IW = ( E T,4 5 *' R Hel 1\ I / lET t:. ! h 4 PI- ce) ~ FEH 0 J 0 lOg
IHREAL.Gf.J •• ~~\L:. PEt LCT .0 •• /\'1). )~J8L1J\ .. GT.O • .. /ltlJ. S;;)8LIß.GT.JJOIOS

*O.IGOTJ 700 8J01J~

WRITElo.69SI\S. JJJ,I,k[tI.Sr:2LI~,RcjI,S~8lIR,ITCORR,ICS 000109
699 F 0 Ri"1 AT ( I J 5 X, ' tJ S=' , I.:> , 5 )< , I r- =• , I 2 , ') \(, I I = 9 , I 3/ 5X, 9 KE A= 9 I [ 1.5. 5 , 5 X, • S:l <] ) J 1. 0 SI

*R T ( 8 I L A~ 8 JA )1, =I , c 1 5 • 5 I 5 X , ' R[ A= I ,E 1 ') • j , 5 X • I S,) .~ T ( 31 L I\'~ ß C'\ I ß= I • E 15 J ;) (j 1. 10
*.5/5X,· ITCOFR=',I5,'5X,' les=', 12> 000110

E5CO RETURN 1 :))011Cl
c 1JOIIJ

700 CCNTINUE 00011J
IF(IRH.E!:;).2IGUT~ 27 3)0110
SQ8LIA=2.S*'LOGIREGI/S(3LIQI+S.5-G JOJ11)
GA=6.C7~7 000110
GOTD 2S J0011)

27 ijPlLSn=RI-/DJI~'RE:1I I')CEL 12 ')0011J



22 -

HPlUS =HP US9*REI ~f2

RHPL=RHP S HPLUS6.TWr TE C;:PlGS H:JLJS~J.r]I YDH)
SQ8lIP.=2.5*~lCG([nI/~~J+RHPL-G

GA=5.S66
28 IFINTYP.EQ.3 .A~O. [Vl~.EC.2ICCTn 2S

S~8lIA=CS*(2.5*ALOGIREt[/SQBlIAI-S~I.5.54CGlAMA

GO 0 :3
29 SQ8llA =SVFUNLIRHCA,ETtß,CETOT,PRJV,[,2,~EAI,OAI.SQJLIA.RO,GA.es)

3 CS=CSFUNIIRH.REAI,sa8l1A,SC8LIB,G~)

GüTe 6

:')0111
JJJlll
r' oen 11
J)Olll
Q JOlll
:))1111
J00111
100111
::'JOlll
)))111

c •••••••••••••••••••••••••••••••••• ~ •••••••••••••••.••• •••••••••••• 000112
C FIRST ITF[{ATICN : THr:: rRICTlC h, HCTJRS !\RE EVf:llUATED BY '1E\NS »)nlP
c OF ThE EQUATICN IL\1E'UI'*PHCI**Z/JII = Il~~JJA~~RHO*d**2/JI roT. OJ0112
c 080112

30 IF(IRH.EC.2JG~lC 2 )00112
') Q 8LI R= 2 .5'* AUJ G« PR CVI E1~ 1: '* S JP. T ( (J H I LJ r:: TOT j ,*,:4: '3* I~U1O RI ) +- 5. 5- G Cl ) 01 12
GA=6.C737 0)0112
GOfC 4 J)0112

2 HPLUSB=RH/O[fOT6PpnV/ETAE*SQRTICgI/JETOT*RHCßI 1D0112
HPLUSW=RH/Di:TCT*PRC\JIETAI~*SQkT(C3I1JET:n*KHGIAI ):)0112
RHPl=RHPlUSIHPllS3,T\>;I,TE,crlUS,'-j;:::LUS,.;,TßI,YCHI '»0113
SQBlIß=2.S*ALCGIOBI/Rhl+RhPl-C 0)0113
GA=:.Sbc D00113

4 I F ( NT Y P • ErJ. 3 .!~!\ Ce r v I~ • EQ• 2 ) GO T0 5 J JJ 113
S Qß L I Ä= CS*(2 .. 5'* 1\ leG I PF( \i IE TA ,H S (,: '~ rl I D;H J DEr 0 T ) '* '" 3 '*R Hf) AI 1-GL\ )+ 5 • ':) J ) 0 1 13

**CClAMA )J011~

GOTe 6 000113
5 SQ8llA =SMFUNIIRH04,ET44,CETCr,pQUV,I,1,REAI,JAI,SQ8lIA,RJ,GA,es) ))0113

e OOOll?
c 00011~

b CGNTINUE 000114
LAMIA=8./SQ8lIA**2 000114
lAMIS=8./SJ8Llf**2 000114

SSSA=A"II/SOPT{lAr-'Ik~l-/(2.*HHCA':<["II)I :)):)114
SSSB= A[3 II SQKT(l\MI ß *l- I (2 • *RHO ß *C3 I ) ) ) J 0 1 14
SQOPGß=SQ~T1ABS(SQD~G*~2*CPSI-IGKQV*~H00*98C.665*H) D0011~

,.. I Fe LJ Ph 2 ( I I I , J J J I ) ) ) 0 1 1 ~

SQOPGA=SQRT(ABS(SQonG*~2~CPSI-IGR'V*kHJA*S3C .. 665*HJ 000114
*JFCOpl,l2( UI ,jJJ») :JJ011'1

M18 I = S S SB*SQ0 P G8 -+ AR I '* S I GtJ ;J. [ (1\ S , J JH *'CHI ( [I I ,J J J , 1 ) ) J 0 1 14
MI A I = S S S A*S J CP (;,Hb l\ I "S I C/-I A 1 ( NS , J,j J ) *C rl I ( I I I ,J J J, U J 0 I) 1 1 ':
AMTI=AMAI+AMBI J0011~

IF( TTCCPR.GT.1 .. MU. QfJPJS,JJJI .. GL1.E-)6 .. VJO. ))01l:
*IT~I .. EJ.lIGJTO 43 DJ011~

C ))Oll~

DE: L TA T= ( Q+0 L IN*'? A 1+ PI- 1 I {NS, JLJ I*i"l S I ( I I [ ,J ·LJ , 1 )* ( '\ Ar +!\ i3 I }) I)J 0 1 1 ':
*(AMTI~CP(Pß,TI 1 1 ~)Oll~

TI=Tlf+C.5*0ElTAT+DElTIEIIII,JJJ,IJ 1~Ollr

T IO I II I • JJJ, I) =T 1+'). 5»LEl TAT 0001.1::
C ))011:

4:} CGiH IN UE J J 0 1 11'
I F ( IrT E~ P. EJ • 1 I GU T0 ") C 0 Q 01 U
I F lAß S« 'H~A I I M1 AI 1- 1 • I • l E • 1 .. E- C3 .. '\'u. Af3 S I M-1 ß I 11 Ä '·Hi r- 1 • I • l E • 1 • E- 0 3 J ) 0 1 lt

*JGOTO 9 ~J011~

50 AMAIl=A~~( QOOllf
AM3I1=Ar-'RI ))011c
AMABI=A~er/ABI JOOllc

7 CONTINUE OJ011:
c _ -........................ ••...•........ }~)Ollt

C END nF lCCP ITTEMp: l=C INT Ri.:/lCHC HI THE CASE Cf cmJVERGENCE [l')Q1lt
C PROBLE~S ))0111
C JJ011i

'I R( TEl 6 , 8 I I , NS , K~ I Tti , I1 C( f~ R :' 0 ) 1 1 i
8 FORMAT( 5X,'CAlCIJU1 1I(r'I SnJrls: ITTEMP=10 FOR SUeCHA'·H\JEL'd4,2X,JJ011i

""'. Of eH AN NEl ' , 14 ,2 X. ' (/l XI ,~, L SEC T IiJi'l ' , I 't, 'I I HJ= , , 12, 5 X, • I TC J RR =' , 15 J J 0 11 7
*) 0)Oll~



23 -

c
c
c

c

RETURN 1

CCNVERGENCE 15 K~AC~E[ I~ 1HE leer ITT~MP

g CCN1INLE
[F I nw 1. h). 11 T1'11= Hd
I F ( c: Q( NS 9 J J J I • L E. 1 • E- U: I GGT'J 2 C0 2
ATI=,,\A HAßI
DEI=ATI/IAAI/CAI+4ßI/[PIJ
If<IRH.EC.IIGnTC !Sec

...... 'J8C11 J
]:JOl 7
))')1

')r, '11
J JJl P
')0011
C'J [111,:
':lOH l(

J.J01lJ

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 000123

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• JJQ122

:1')01';>3
:))0123
l0012j
))0123
'})0123
))0123

=' YI122
OJ0122
~001~2

:)),]122

SUB-SU3C~.',I3,2X,'1~1J0122

)J0123
~1)0123

DFH1 C

000111:
C)01U
JOCHlc
Cl () 11 c

l\ S = @ , I 5 9 ') X, • J J J '=' • I 5 I 5 X, 'r .~')=' , E 1 5 • J :) r) 1 1 .:
WQ11(
J)OllC
JQIHl':
'JCiOll'~

:))011,
o() 01 1;
()OllC
:')OlZ~

')}012C
'1001Z r

j)012,~

r)001~C

J)012~

J J 0 1'- ..~
C"]012C
)V)lZ-:
J )0 l~:

JJJ1Z1
,))0121
('00121
JJ0121
O)Olll
000121
0)0121
)00121
OD 0121
:)00121
000122
:'YHn
)00122
)00122

5TGPS=ITW =10 FOR

CAlCULAIION CF T~E PI~ TE~PEQ4TU~E CNlY FCR HEATED kOUGHEN~~

SECTIONS

END OF loep ITW : PCI~l REACHEC I~ TH: [ASE CF CCNV~RGE~CE

PROBLEt>1S

CCNVERGENCE I S REAC/-EC 11\ HE lCOP lTw

16 CCNllNUE
IFIITW1.GT.1IGUTC 1]~S

TW1=lWI
IF{ITCO~R.EQ .. 1IPETURN

WRITE{6,1S) I,JJJ,NS
15 FORMAT( 5X,'CALCUlAIICN

*= I. 12, 2)( , • NS= I , 15 , I ) I I
'-{HURN 1

IFlAßSITW1}.lT .. ]Or:O ... ,ll!\D.Aß5(LHl.LT.1)OIJ.IGUHl 2):)5
WRITE(6,20041!\S,JJJ,1~C,1~I

2004 FORMAT( 5X,'STO~ I~ RECA~G:

*5,5X,'TwALl=',E15.5)
RETURN 1

20C5 C(NTINUE
IFP>nYP.U.3 .. 4ND. IT\iJA.i:Q.2lccrl 5YJ
R2=RO+C .. 25*DAI*xC2
GOTn 501

500 R2·=RA2 ( I I
501 CCNTINUE

R2~ROH=(R2-RO)/RH

Rl=O*O .. '5
R1DRZ=RI/R2
FACrE=lIS(Rl,R?,IRHl
KI=KAPPA (PB, 11 I
ETAI=[r~(P3,TI)

RHOI=RHCIPß,TII
CPI=CP(PR,TI)
PR I=ET AI *cp I1K I
REI=AMTI*OEI/IETAI*ATII
UIDU=AM81*ATI*RHCI/(~~lI*ABI*RH(~1

REWO=RElk*ETAIW*RH~(PE,T~C)J(R~C(W*ETA(Pl,T~C)1

HPlLSO=HPLUSh*REWO/REI~

CAII R~w (HP l US 1'\ , T", I , LA t- I B, RE I , P fJ I , TI, Y,JH , g 1DR 2, R2MRCJH , 'H DJ ,R EId,
1 YY(K,!\S,JJJ),~UI,GHPll

C ALL RN UI HP lU SO. T WJ , LA,. I F ,R EI, P PI, TI, YDH, R10 R2 , R2 r,1P!! H, ij 1 DU, RE\" J ,
I 1..,f\UC,G!-JPL)
ALfAl=f\UI*KI/CEI*FAC~E

TIw=n+CA/ALF~,I

ALFA0=NUO*KI/CEI
TI<.O-=TI +~A/ALfAO
IF(AßS( T~I/TI~-l.. }.LF.l.E-C~)GCT( 16

14 TWI=TIW

c
C

C
C
C
C

c
c
C

C
C
C

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 8)0123
CAlCUlATION CF TrE AUlK TE~PERATURES DF THE TWU IONES 01VIJEO BY 000124
THE TAU=O LI~E CNLY FCR ~EAIEC RCJGHCNED SECTIUNS AT ITCORR>l J~Q124



24
24

J )

c' :) 24
J 24

);)0 24
::hJ:) 2 ft

)J 24
'JJ0125
:::') <) 125
»)n125
'))0125
-LJ0125
)) 125
()O1.25
JOOL!5

:::)) 125
O()012C:
))')126

T '3 TE

............. @ C'Olj125
TI-E LG]P Ir 1

EtC~EC ~ T~E C SE CF CONVERGE~CE

GHH d:<QCfl2 I': ~ YOII ;~?:1;-{:)H FF
lE 1 E- 4 ecn 20)2

~z~lCR* ß
*u S t R

CCNVERGENCE XS q[1C~EL

R TE t 2001 NS.JJJ.I1CC;~R.ll:I.T"'I TI T~,I TJ
FCR iH 5)( ST:JP ,\j FEC4f\i~ lLep [Ln 1=' 3. S=. I 51=', 12

TCORR= .13/5><. TR = [15.5.:X 'T'\1=· F'15.5 5X. TI=8.ElS.5 5X
Z TW = .E 5.55)( eT (=' EI5 5)

RETURN 1

600 TwI=f N5 JJJ

20

,~ 0
C
C

c
c
c

C
2G02 CONTIf\IUE

TBSSC2lNS ,J J =TI
T SSC2{III,JJJI=TI"!I
1255C211 [,JJj =T~I

ThSSC2C NS,JJJ}=TkI
H(I.Gr llRETU,~N

c
TB S sc 1 INS J J J 1= T
riSSCl III.JJJI=TßI
T2SSC1IIII,JJJI=T~1

T~5SCl( ~S,JJJ)=TW[

RETURN
::ND

c
c

::"JUl2C
JJ012b
:}J01 ~C

r, 0 0 1 ?'l
))012f]
)))126

))012 t
)))126
10,)127
=;)012'
YH 127
000127
JJfH 27
~IYH 27
:})o121
J00121

C '))0127
C 0)0127

SUB Rn u r I NE q EC( t 1 (K , NS , 1\ , 1\ Sc 4 5, T,{ '-l, D I{ J V• P !-j , c; f I , fll • /}, L F '\ , A• JE • "1 [C , Ci) 01 2 ,
*AT.DET.AT=T.DET[T,MFL[~,~.C.c, JJJ,NSTR,H,PRl,pk2,s)npG,TC.SUR, JJ012~

*MH,CDCr:,HSCh,CTU3,EI'JI,'*.AlFACEJ :))012i
c-----------------------·--- ---------- ------.------------------ ------------) J D12 i
C SURRUU TI Ni:: REcCn CH CLU' 1 ES FR IC TI D;'l F!\C TOR SAN) APP R()X IA ''Ir E "0 (l12C
C DUlLET vASS HG\;, PATES J\I\C TEvlpEPHURES FOR ~JALL CH\I\I'IELS'\NJ SJGCÜ0012~

C JJ012'
REAL MEC,MFlCW.l~Mß,Ln~S(~,LAM~C.vSCHl,KOPPA,lA~L~M,~SCH, ]JQ12f

1 MWCll.~WC2L 0J012(
DIMENSlCN i\(<t51.(cI45I,iIIEC(451 1 )012t
C lJ4 MON I W~C(H I x. 1\1 SC H3 ( 18 • 2 l • X,,,\ SCh /d 11, .~ I / J '\ T I P I G/ C E~H I G( '+ 5 I .) .) .)1 2 ;:

C IRE C11 P VER 1 ( <; Cl. p~; Ä [{JJ )/;:< EC 2! E ('<;0 )/ REC J / P ( j') I C))(! 1 2 E

1 I SL R1 I Asc H ( /12 , 3 I I SL, 82 !T SC H( 't 2 d ) • IVI SC H ( 42 ,3 J1SUß3 .I AJ '\ B ~ 18 ,2 I • JJO 12 c

2 JET B ( 1 8 • 2 l 1 SU e'+ Il A fV P ( t 8 • 2 ) I SU [3 5/L'\ '~ SCH ( 4 2. 3 1 2' ) 0 t 2 ~

J ISlB8!MSChl(42,~J/SL223/hPl~SJ(42,31,hPL~SWI42.31 00012-
4 • r,: P l U S ( 42 ,3 ), PR P ( <4 :2 , 3 ) , y ) U 1 ( 4,2 • 3 ) I Hf: /\ 5 /() Q ( 42. 3 11 I 'J P ,\R I [ PA')::> ') 1 2 r

5 I SUB 2 21 r w(" '2 .3 ) n, CS Ll / CE lrI CI t'3. 2, 2 I , P HWC ( 1 tl 92 , 2 ) J ,) IH 2 (
6 IlA~I~O/12TIPI~2.31/lA~INl!~KAPrA{421 ILA~IN2/FATIPI3I, ~~n12(

7 FCIIPI31/lAMIN3/FIATIP("2j,FIJrIP(4~l/lAMIN4/F2ArI?(42,3), )J012(
8 F2DTIP(42,3J/LA~IN5/RTIP(71/LA~I~G/'\NGLAM/LAHIN7/FIPTIp OOOl~(

9 I'r< Ssc HliD EL T [1= ( 1 E , 2 • SC) • 0 TI E'\ \j 11'3 , 2 I/VI 5 S CH2/ T I 'J { 1 !l • 2 • 9'J ) ') ) 012-
C(M~O~/l~~INK/~KAPPAI7,JI/QPARI/JJEV/JPAR2/JlINM.~LJ[VIHEAL0! J)Oll~

1 Q SC H{ 42 • 3 1I\~ AL LC ( 1 11\ Fe Cl I 1h 2) , 'V'J FCJ ( Ul, 2 ) 11;; ALL KAI t\ K1\ 1'1 C{2 } 0 CJ 0 12(
2 I ~ CS[ 3 I LA jvlll ( ( 1 8 • L , 2J I V. C S [ld CfJ R i3 2 { 1H • 2 I HK, S [ 81 i\ S C 11v4( { 18, 2 , 2 I :' 'J 0 1 2 (
3 lilCSE'J!TSC\i\Cll 1E,2.21/hCS[HT{\v~Cll;3.2.2}/GEN2n,CHA('+21 ::JJ'H3(
4 I COR R 1 I S r C·"\ /\ 1 I Lt '2 , 3 J , PHI I { <i 2. 3 I I ce kR 2 ICH I I 18 .2, 2 J , PSI ( 1cl, 2 , 21 :' J n 1 3C
5 /1'1 S SC I j I T1 Ssc 1 { 1 [; • 2. I • T2 S sc 1 ( 18 , 2 I • T 1 S SC 2 ( 1 C • 2) • T2 S SC 2 I 18. 2 ) ) ) 0 1 3:
6 Ir.SSCHO/T3SS(1(Lj:2,31.n.SSCl(,'t2.3),T3SSC2(t2.J}.TWSSC;~C42,31 iJlO13·



3~

:l,

3
.3
3
3
3
3

[1')013
I)) 13

0013
000 :3
010 1i
)C) 0 13 2
000 32
') 0 13~

J0013:
[]013~

OD013i
0);)132
lJOCJlJ2
:)10132
00013:'
UJ0133
:J0013~

JJCH3?
:n0133
'JJCllr
J0013?
C-)0 13:3
1J0133
000133
0'J\1134
JOD 134
OJ0134
000134

25
'J q 3 I f) ( ;; ') 5 l- n 0 [ TI;:: R R 0

rw GR C; GF CPS GI\,~ G !F ([I G;\ AG2 3 2
F J J.GT.l GeTe 2~Q8

F AlP ~~ S
F PT P = C
CCI\HNLE

Ir= S-I\STF
I fITC 0 f~ K• E(J e 1 11 A-'-.1 C@ K L:'. 1 r- CCP _~ ( [ I I 9 .J J -= rc(] ? vJ 1 2
DHEAV II,JJJI=O.
12TIP NS,JJJ =I3TIP(I\S?JJJ
IF I2TIFINS,JJJI.[Q.l GOrD 2999

13TIP#1: THF TUPBULENT (AlCLl~TI(N ~LST BE PERFORMEJ

T IW=]
C S= 1.
A Al=MSCl-lINS,JJJI/AT
r Er A=ALF A
ANGT=O
AMT=O ..
A1'1.1\=0.
TT=O.
11A=!)"
coceA=) ..
HA=O.
DDO 0 1)= C •
SRMH 8=0.
SR lH'l Ui, = 0 ..
HPLUS8(NS,JJJJ=C.
HPLLSW(NS,JJJI=O.
f I =1 SC \'I C1 ( I I I , J J J , 11
S I GM A2 = S I G'J Ar ( NS" J I,) I *Cl- I ( I I I • J J .J , 2 I
PH[2=PHII[NS.JJJI*~SIIII[,JJJ,2J

/\ sc I- wc I I I I , J J J • 11 =") ..

IVIA=l
E r~A X= [\11
XCI=O.
XC2=1.
IFI IfCUkR.[).1 IDE;·<e (I J I , .....J,l I =CEf'JT

ZSSg

C
C
c
r:

c ." _••••••••••••••••••••••••••• J00134
C CAlClJlATICN OF HE 11~;HL-1YPE SLe-S'J3CH 4N~~f=lS [l= SJß-SJRCH,VJ~·JEL 100134
C INDEX) "10')134
C )J0134

DU 3 I=l,N )))134
AI=I ))0134

C 000135
1 CO~TINU[ OJ0135

ANGT=ANGT.TETA 0)1135
CA LL FEe AN GI I, 1\ [ , jJ S• K, I VI 1\. IR H. TE T\ ,,\ .~ /\ 1• TI. P'3 , J , w, RH, JE 1 0 1 • PRO IJ. :) J 0 13 5

'" 0 AI. CBI. A1\ [ • f\ RI • GG, S ~ S t • ~ S53 , A~~ TI, 2 •. :. I H, D R1 , P R.2 , S() J PG, J J J , fE. SUR I J Cl 0 13 5
*T WI ,A M,,\ I , TAl, AiIA S [ ,1 'j I , ! I I , T SC., C LI I I I • J J J • 1 1• Tt\ vhe ( I I I. J J J • 1) , ):) :) 135
*HPlU SI. HP LiJ S2, /'1 NGT • ::: rv 1 • \( Cl. XC 2 • 8 1 77 • JE iti C ( I I I .J J J , 1) , es) J U0 1 3 5

IFCEtIl"GC:.[IV:\X .A'\JJ .. IVIA.E:~.l)(:;Jr:.J j ))()135
C :))0135

TW[AV=T~IAV.lwI*TET' OJ0135
AMf=AMT+A~TI 000136
AM~=AIVA+A~AI 000136
RAM 11\= ~ IV T 1* 1'1 ~ II {tJ. ~ I + i\ [ I I ·':"H) 013S
HAMI8=AMT[*~BI/[AAI+A[II 010136
TT=TT+AMTI*TI ~)0136

TTA=TTAtR~MI~~TAI ))0136
SRAMIA=SR~MIA+qAMIA )00136
SRAMIO=SPAMTS.RAMIß )00136
OOC[A=~CCDA+S)SA )0013&
DJCCß=DCCOB+SSSR )0013b



) 37
)) 3
DJ0137
0)013
0,)013
010137
J)0137
JOO 17
000137
)00137

I =1. TIH·A
~\SCHiC [ 1. JJd =ASChC IIlvJJJdl+AA +ARI
DT [VeIII,JJl)=DTIElI IIIr,JJJHAHI*JElTE III,JJJd
IF IRH .. fQ.l GOTC 30

11 Pl USB I f\ S , JJ J I = r P l L S E ( " S , J J J I ir Fl'J S 1 *.~ ß I
HPLUSW NS,JJJ)=HPlLSk I\S,JJJI+HPLIJSZ*481

30 CCNIINUE
IFIIVIA.El .. IIGDTO 3
IF AßSCEMAX~2.IC-l.J.lE.l.E-05JGOrO11

............................................................................ ')0013Y

................................................................... OJ014C

....................... - _• ..................... J')014~

OJ014]
0)0141
)')0141
):)0141
000141
1:.1014]
,)0.]142
JOI)14~

),)JI4~

OOOl4!
JJ014~

000138
CI)(H 38
1')0138
)00139
))0138
))013 cl

000138
)00138
OJ013d
en 0139
J)0139

~1 )Q 14"
oJO 14C
0;) n 14C
~) )) 14C
J0014C
~iCl 0 1 /-t:
10,)14
1)014...
00014]
'),)0141
)00141
)80141

0)0139
o JO US
00013S
JJ013S

C))OlYJ
00013c;
J J] 13c

0J0140

All THE tl,~All-TYP[ SUE-SUBChA'mELS rl,\VE BEEN Cm;,PUTE[J: CALC:JlAnO~JC'C)014~

OF AVER4CE SLB-SUgCHA~~=l \ßRIARlES FCR THE hALL PURTION J)014~

)n'014;:
DOOI4::
))014=
,)OOI4~

,;J:)l4~

J)014:
)n014'~

("10014=

IVU=l
EMAX=C*C.5
XC1=1.!SQRT{J. J
XC2=2 .. *)(0
TETA=Alf.i\
E(lI=PH
PCI)=PP

~ CONTINUE

POINT REtlCHEC GY He ULCUlU IeN IF THE SHI~CUi) PROFILE H1.S
1lCCKING lRIANGlES

RECAlCJLATICN UF THC 5l3-SLcCHI\f\EL FGR i-JHICH IT WAS [( Il>E"lAX.
IN ORD~R TO fIT E'JIAX (I.E. [(II=E~AX)

5 CCNTINUE
I VI A= 2
11 =I
ANGT=A NG 1-1 ET i'\
OEE=EMAX-E( I-lI
P p= P ( I - 1 )- 0 F E ,~ I P ( 1- 1 1- P { I I 11 ( E ( I ) - i: ( 1- 1 I I
ßF.TA=ArAf\(E~AX~2./(?P*[I)

T EI A=E1 E Tt-lIt·JGT
PVERTI I )=PP*Y"C.5
PRAClII=PVERT(II/CCSI2ETtJ
PAI=DEE*XC2
~I J..l = YI- ( ( EM~ Xt-E ( r -1 I I >I ( .5- Crv 1 )*XCI
DAI=4. *' L~w-J.5*C C+P\I[Rl (I l+PVERT( I-tl I l/XC2
G8I=2.*IP(I-1)*Ef'~AX-PP~E(1-11 )/HTA-,J
PBI=TET.1 *0*0.5
AAI=OAr*PAI*O.25
ABI=CBI*PBI*0 .. 25
EPS=SQRTC1.+C1I/DI
GG=GST4PlEPSI
GOlD 1

I HAS REACHEC TJ-E V:\LUE f\. k~HrCH ',~'JULJ'1CAN N!J "CENTR·\l-TYPE'f
5 U8- SU3 ( H1\ ~J i'J EL S

WR I T F ( 6 ~ 4 ) ~J S ,J J J, E I I l , I T( CCI, n , (I , ;l vEk T I I ) , PR 1\ [) l I I , I = 1 , ,'J l
4 FORMAT(lH1,':iX,'CALCJLAlIC t; SHJ?S: flr} C[fHRAL SUECHMlNtlS IN io<lALl
~HANNEl', 14/5X, 'fJ=', 12, 5.><. IEI Il=' IEIS.5, 5X, • ITCORR.=',13
* 115 X, I 1=' , 13 ,5)( • • PV CR T= I , [1 j. 5,5 X, • P RA 0= I • E15.5 I I

RETURN 1

10 CCI\TINUE
DTI ["v ( I [ I , J J J I =DTI f= Av( I l I , J J J lli\ MT
TSCHAB=TT/MH
RHCTAB=RHO(PBtTSCHA~)

PHrlC(III,JJJ,11=ßFT~*C*O.5

PSHWC=(E~AX-E~ll*XC2~E~1

PH~CTl=PHWC(III,JJJ,lJ~PSHhC

C
C
C

C

c
C
C
C

c
c
c

c
c
c
c
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••••• 4 •••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••• JJ11~q

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• )J014 7

'))0149
CV)149
)) CJ 149
)))141

')0,1149
010141
J ,) Cl lid
[)JO 14<:'
OrJJ150
0Y1l5]

)r)014 C

)}014~

~.·)()14C

) '1 () 1 !t ~

)ü14~

10014:
),)U14:
):)014';

)'1 n 14':
)) 0 1l\ (

Sc))Ol4-t
J J 0 14(
Jj()14t
')fJ014e
JJ 0 14(
CLJ014 f

DJUl4C
'1 ClO 1 4t
))()l4?
(i))14i

))0147
')()'J147

-J)014:
,1 *)),) 4:'

])01.4:
)0')1 't~

) J 014 L

) J J 14Cj
JJ014 L

)) (I 1 ftL

)0014l;
)JCJUt L

) J 0 14 L

JJCJ14 l

J J) 14L

~.! 'h) 141,
~IJ014"

CALCULATICi~ CF THE CF:tdR~L SUP-SJ1CdMmEL OEFI"H::D BY A'\JL\t'lGLE
OF THE FCD SECTeR := Alf~l ( IF ALFA1>Q I

127 -

DEWC I J 1 =4 .. *1\5(h((111 JJI 1 PHWCTL
LAMWC(III JJJ ll=( I\SCI-i\C 11 JjJ ll/DDJ;) **21*2.*DE~!C III.J

>I< RhCTAß H
ATe=ASCh~C( I I I dJJ, II-tT tJ

A] ABI I I , J J J ) -= .f\ SC Hl'i C ( I I I • J .J J , 1 I I !\ Tß
OErB(II [,JJJI·=4.'*t\T3/PI-\'l( (111 .JJJ,11
DOOCB=CCCC-OCCDA
XMSCHA( III,JJJ)=A~A
X,M S ( HB ( I I I , J J J 1= AMT- X~" 5CH ( I Ir, J J J I
TSCHR=(lT-TTAI/SRAMIP
RHC1E=RhC(P8,TSCHR)
l Mi B{ 1 I [ , J J J }= ( {Al ß I [ C[ CE I*>i 2 I'" 2 • ~ iJ ..:r '3 ( I I I , J J J I *RHO PI/ H
AMT AB=.A"'H
1TA8=T T
DDOCAB=CCCD

):)0147
(IJ0147
) Jf)l 47

ALFA1=GAMMA-RETAl J001~7

El=C*O .. 5*TA~IRETA1) GJ8147
JELTAE:=PVERTIIIJ-E1 OJ014l
AA= C*0 ELTAE*Q • 25- i~ LF fj lo!< 0**2'* C• 1;:: 5 J );)1. 43
oc= 8. *AN ( AL FA 1*C ) (;) 0 14 .:~

EPS=SQR1{1.+DD/C) ))0148
GG=GSTfjR(EPSI J)0140
AMl=Mfl(~*AA/ATCT 0)0148
l=II+l ))0141
CAll CE wÄ (K, NS , IR H, iJF CV, FE, P.H , f~'\' JD, GG,'\"11, OET 01, H1, Al F,U, L , J J J, H, ') J 0141

1>< P R1 , PR 2 , SQ0PG, AMT , TT , [ CC[ , TE. SUp , ,~ , I 1 I, d PLLSe( 'J S , JJ J I ~ i-l PLd SrH 'l S , J J :1 C) 0 U" d
'* J J , 1 SC \'i ( U I I I , ,J J J , 2) , S I G t' A2 , PHI 2 , 9" '7 77 , 0 , TVI I , TI CU~ , C ) 1) {) 1 41
ThIAV=T~IAV+T~I*AlFA1 JO~14J

CALCUlAIICN OFTHE "CE~TRAL-TYPE" SUE-SUSCHANNELS

,UfC=AlFACE
GAMMA=PIG*O.5-3ETh
AN1=GAMMA/ALFACE
N1= AN 1
If(Nl.EC.OIALFC=GA~~A

IfINl .. EQ.OINt=1
IF(Nl .. LE .. NSC45'GC10 12
WRITEI6.11INS,K,ITCCRP

11 F 0 RMAT (l t-: 1 , 5 X, ' N1 GREll T ER THAN t\ SCit ') F I ) i..z CH,,\ 'J ~ JtL ' d 4 , ;2 X , ' (\ !( L\ l
*CTICN'9I3,' )'/5X.'ITCCFR=',I3J

RETURN 1

CAlCUl~TIUJ OF THE "CEf\TR/\L-TYPE SU-\-SIjBCHAt\~l::::LS [)EFINEJ GY'\~J

ANGLE Cf THE ~O[ SECTC~ := fjlfC

99 CCNTINUE
DO 13 J=l,Nl
I·=NI-J+l
IfINl.EQ .. 1IGCTO 100
A/l=A{II
DD=DE{ I I
GG= G( I »

12 CONTINUE
L=II
IIl=II+l
')0 1000 I:=IIl,N

1000 TIOOII,JJJ, II=TIOOII,JJJ,L)
AN1=Nl
ßETA1=AlFC1><,~Nl

HI ASS( eETAlIGA/II,"1A-l.I.LT .. 1.E-C6'·~JTJ 1j

c

C
C
C

c
c
c
C

c
c
c
c



0')03)

J 0 5
IALf( -J**2*~l C *0.125 JG') 50

LFC*DJ 0)015)
[PSE S=SQRT .+CC J J00150
GG=GSTAR EDSEPSJ nn0151

M =AÄ MEell Alll 2)0150
01 L =L J OJO 5J

C CE~ K,NS,IRH,PPCV,PE,RH,AA,DJ,GG A 1.0ETOT,Hl,ALFC,LL,JJJ,H )J0151
*PRI PR2 SQDPG,4~1,TT.[[C[,TE SUR,2,III,HPLLSß NS.JJJJ,HPLJS INS, JOJJ15l
*J ,T SC WC 1I I I , Jj J ,Z ~ S J( IV A2 I PI- 12.'\,7 7 7 • J , Tti I ,TI C[ N, C J 1) 01 51

T IAv=r~IAV+TkI*AlFC ))u151
13 ceNT NUE J00151

C -18 -I&@ 4I.'IJ0$'& :)(](J151

C THE CALCUUHICN OF fI-f flCF1\TR.!\L-TY';;fH SU8-SUeCHAWJELS Hi\S REE:j )))151
C C01PlErEC= CALCUlHHN [f AVEr~A(c Sd8-SUßCH!\f\I~1t:l Vi\PIARlES HJR THEJOotSl
C HOLE CENTFU\L t:CRTIUJ tt\[ feE H-t "j"ULE: ALL SU[(CI-ji\~j',IEL )301'51
C JJ0151

r AV=T~IAV*2./PIG 300152
PH~.j({III JJJ,21=GAM"1A*C*C.5 32·0152
Ase hiC ( I II , J J J , 2 I =~ T- A50- 'AC I I I 1 ,J J cl • 1) ) 0<) 15?
DEWC I I J: I , J .LJ ,2 1=4 • *'\ S( \-Vi ( ( I I I , J JJ , 2 I I? H,; C ( I I I , J J J , 2) 0 J 'J 1 52
TSCHC=ITI-TTABI/IA~T-A~lA81 )r11~2

RHCTC=R~CCPd,TSC~CI ))0152
DDDCC=DCCD-DDCCAß OJ0152
LA MWCI 1 I I , J J J , 2 I={I ~ Su- ,,( ( I I I , J J J , 2. ) / )J UD C ) '**2 ) * 2 • :6: Cl Evi C ( I I I ,J J J , 2 I ') ') 0 1 52

* *RbCl(/~ J00152
ATSCH=11/A~T 000152

RHOT=RHCIPB,ATSCHI )))153
DU 14 J~(=1,2 '])0153

14 1)1::; 00= 00[: [; .. Ase r W( ( Irr, J J J , J Vi CI *S r~1A I I JS, J JJ ) :« ( eH I { [ Ir. J J J , J.iC I -1. J 0 C, n l. 53
* (SQRT(A~SISCDPG**2*CPSI-IGFAV*FHcT*9aO.665*hJJJ JJ)lS?

L At~ scH { 1\ S, J J J I =(( AT I [ [ C0 I ** 2 J*2 • '* J E PR 11'] T I H 'J )'J 1 ') 3
CTU RB2 ( I I I , J J J I =TU R9 104 ( (C TL ~ • P VEPT { I I I • ? P, A[J ( I I J • D, \'< , C , G4 \P11\ • '\ SC Hvi C ) n'J 1 5 ?

*' ( I I I , J J J , 1 I • Ase HWC ( I I I ." J .. , 2 I • CEwe I I I I , J J J • 1 I , () E Iv C ( I I I , J J J • 2) , E'11 ) ~}) D1 5::'
12TIP(I\S,.JJJ)=O (JOOl')~

F2ATIPlNS,JJJI=1. ))0153
F20TIPII\S.JJJI=I. JJD153
[flI3TIPINS.JJJI.!:i:;).2lCC1C 3JJC JOOl':i4
IF(ITCCRR.GT.IIGOTO 2SSS )00154
MSCH(NS,JJJ)=4~T )00154
TSCHCNS.JJJJ=ATSCH 000154
TWINS,JJJJ=ThIA~ J)015'
............................. ,.. J)')l54
••• ~ 8J015~

c
C
C
C

21<;9

FCR I3TIP~1 C~ IlTIP=~

CONT HH.:r-:
ZWC=(C*C.5-FMIJJSQRT(?J
PPPP=(W-O.5*D-Zw(I*~N(lA~

CMEGA=ATAN(PPPP*2. lei
PHWC1l=(PIG*J.5-CM~GAJ~RTIPIIP~1

PH~C2L~O~EGA*RTIPIIP~J

AhC2L= C,jcC.25*PPPP-FTI)( P,\P*~;'O.j'~UMEG'\

AWCll=AS(H(NS,JJJI·FA1IP(21-A~C2L

PHWCTL=Pb~CLl+2.*Z"CiE~1

DEW(lL=4.*AWC1L/PH~Cll

JEWC2l=4.o*AWC2L/PHWC2l
MWCIL=MSCH(~S.JJJI*~~Cll/CßSCH(~S,JJJI*F~TIP(2JJ

MWC2L=MS(HINS,JJJI-~~(lL

R 10 R2l = 1. I 5J KT (l ,,'" 2.:U 't, ( lU ( P H, eIL -I: Kr I P I I PA I I I
R21hÄ=RTIP(I?AIJRIJR2L
R02WA=SQRT(RTIP(IPAI*~2+2.o*RTIP(IJ~I*'WC2L/PHWC2LJ

PHWCTE=l.
PHWCIE=I.
IFIQQINS,JJJlwLE.1.E-CEIGCTO 4444

l::li)I,)'!'
O,-JJljL,

JJD154
))(jl.'1~

J(:OI~_':

O)015~

=\)JI5:=
0)01S"
'))015"
18 rnS:=
C)JCJ15~

):)015:
JYH5':
)),')15(:

))015'
O;j!Jl 5 t:
)J:)15!~

)JOI5t
(lewI')!'
Fl015{
)J,)15:::



29 -
QFCD~üSCH S J *)JE
QLIN~Q I '*JLDEV*C*O.5
DHWC E= QRGO+QLINJ* ~~Cll+PH~C2L IQ~01

QRUDl=QPCO*PHwCILI P~~(ll+FHW(2L

PHWCIF.=I,RODl+ClINl/CR(CI*PHWCll
4444 FPROV=IOET'*FDTIPIZ) **2*Al*FATIPI2J/PHWCTE

.J Fe 0 1 I I I I ~ J J J I = i\,. K Ah'C { 1 I '* FH\-, C1 EH Cl ~ J V I I /H1 ClL*CE ~,c 1L '* *' 2 )
WFCnl[II,JJJI=IWFCDlIIII,JJJJ*P~WCIL+AKAwC{2J*PHWC2L**2*r~RJVI

IIAWC2l*OEWC2L~*211/1 (PH~(lL+Ph~C2ll*BKAPPA(IPA,2 )
l>11 f C01 ( I I I , J J J 1= 0. FCnIl I I I , J J J 1/ BK '\ D PA I? A, 2)

RE l A= RE L AM ( .l\ T* F eH I P ( 2 I • Cf: 1'* FDT I PI 2 I , P '1, TSC HIN S ,J J J l , hi I c'J S, J J J) ,

* MSC HIN S , J J J ) ,T LI NEP( I 1 I , J J J I , 2 , RIO R2l , PHtei CTL/( PI-j 'rle TL~

+PHWC2l1 I
lAMLAM=AKAPPA(NSI/REL~

CAll ENIRFRIK,1,2,RTlrIIFA),R02hA,~21WA,NS,[II,JJJ.DEWClL,~welL,

* ~.., weIL, PE, T SU- I l' S , J J .j ), Li\v1 L A"'I )
C AL l [N TRf R ( K, 2 , 2 , I< T I P ( I F!\l , P 0 2 h 'J. , R~ 2 .'j A, NS , I I I ,J J J , :l Evi C2l , AI-Je 2 L ,

* MWC2l,PB.1SCHI~S,JJJI,LA~lAMJ

Ifl I2TIPINS,JJJJ.EJ.l)~OTC2997

DCJ 15t
:JJ1)15f
)00151
0)'015"1
OCJCl15~

))015i
00015i
;)00151
000151
00015i
000151
)10151
J0015E
OD015::
)) 0 1 5'
)(10151:
lCl015 c

JOOI5!:
00015E

c - O[\i)15f
C 13TIP=3= SAGAPO CECIOES ~~[THER TiC FLO~ IS LAMINAR np TURBUl[~T J0015E
C a0015F

IFlLAW>CHP\)5,JJJj.GT.lAfvlAi'AIGCTC 3]:)0 ).)015S
.. ., ;& e .. 09 !illI )O(jl5f~

THE Fln~ 15 LAMINAR )J015 C

0)015':
CCNTINUE JJ015S
LAMSCHI~S,JJJJ=lAMlAv J0015S
lAi''hKIIII.JJJ,1)=LAr;Ufv :YJ1)15 c

LAM\t;ClIIIdJ.J,2)=L\'Hllf'/ ))Q15 c

DDDD=AT*FATIPI2l/S~RT{LA~LAM*~/12.*)Cr*FDTIPI2l* )J015S
*{HOIPP"TSUHNS,JJJJl) 1 :JJJ15S
A~T=MSCHINS,JJJI 00016C
ATSCH=TSCrlINS,JJJI JOQ16C
I2TIPeNS,JJJl=1 810162
F2ATIPINS,J IJI=FATID{21 J0016C
F2DTlPlf\S.JJJ)=FCTIfl(21 CJ00161
ASCHKIIII,JJJ,II=AilCIL ))OI6Cl
ASCH1C{ III,JJJ,21=,!\'vJC2L 1D016C
P Hit. C I I I I ,J J J , 1 1= I D I G'" C • 5- ( 1" EG,\ ) *C', ). 5 ) ') J 1 6 1J
PhWCIIII.JJJ,21=[\1EGA*C*C.5 J00160
DEw((I II,JJJ,lI=DEHCll Ci:J0161
DEI'IeIl I I , J J J , 2 I =I) EviC 2l ') J 0161
HPlUS81~S,JJJl=1. )00161
HPlLSWINS,JJJI=1. )00161
QPlUSINS,JJJI=l. 0)0161
PRBlNS,JJJJ=l. OOOL61
YODHn~S,JJJ 1=1. ))0161
TBSSCll NS,JJJJ=TSCH(~,S,JJJI ))0161
lISSC1( III,JJJI=TSCH(t'-S,JJJl 080161
T2SSC11 III,JJJJ=TSCHlf\5,JJJI ')0')1,'>1
TBSSC2(NS ,JJJI=TSCH(f\5,JJJJ OD8161
T1SSC2( III, J.JJJ=TSCH(t'-~,J... JJ ))0162
r 2 S SC 2 I I Ir, J J J ) =T 5C H ( f\ ~ , J J J 1 D')) 16 2
T~SSCl( NS,JJJ1=H,{f\S,JJJl )[10162
nSSC2( NS,JJJI=T\..,(f\S,..JJI )00162
X'''' SCHA ( I I I , J J J J= r~ SC H( f\ 5 , J J J 1*Ase H>Jeil I I , I JJ y 11 11 ASCH NS , J J J 1* ') ) 0 1 h 2

*F2ATIP(~S,JJJ) l*C.S '1)0162
XMSC HP I I I I , J J J J = XfII SC H ( I I I ,J J ~I \ ') Cl Q 162
ADAR( I II,JJJ)=2.)00162

C FOR lAMI~\R AND TUR3LL[Nl FLO~ )00162
C 0001ö2

100J C(~TINU[ )00163
fC UP~n ( I 11 t J J J 1= F CiJ [) \\1 I 2 ) i PH\'1 C { I I I , J J J , :2 1 I PHwCTL * I fC UP ~; 1 ( 2 I -1. I 0 Ci 0 1 63
F1ATIP(~SI=F1ATIP(NSI+tSC~I~S,JJJI/\CHA(NS)*F2ATIPlNS,JJJ) )00163
fLPTIP=F1PT[P+ASCHlNS,JJJI/ACljAI~SI*F2ATIP(NStJJJJ/F2DTIPINS,JJJIJOOI6J

C
C
C

2S91



30 -

000163
OJ0163

ONLY FOR TURBULENT FL[~ A~D RCUGH[~EU RODS

FIDTIP SI=flATIP NS IflPTIP
IF IRH.EQ.l .CR. 2TIP(~S,JJJI.EU.II~ETURN

ATB(=AT8+ASCHwCIIII,JJJ,21
HPlUSB(~S9·JJJI=hPlUS21I\S.JJJJ/tT8C

HPlUSw(~S.JJJI=HPLUS~(!\S,~JJ)/AT'3C

AMTRC=A~T-SkAMIA

TSCHBC=(TT-TT~I/A~TqC

CPIRC=CP1Dß,TSCI-ßCI
QPlUSINS,JJJI=QQ(1\S,JJJI*~TKC/rSJq*AMT3C*CPTRC*ITE+273.161)

PR ß PJ S , J J J I = Efll ( P'1 , AT SC HJ*C? I Pp. ATSO H I1 KAP P 4 I P f3, AT SeH J
YODHINS.JJJ)=O.5*ISQRT(O**2+1t.*~TßC/PIG)-CI/RH

RETURN
RETLRN 1
eND

I W= 3- I

PORTION 1 15 CCNNECTEO TC A~ EXTERNAL CHANNEL: PORTlnN 2 TD ~

177

c
c

c
c
C
C

c
o

o
c

))0163
000163
))1)163
0001.64
)~0164

D1J16/t
0)0164
))0164
JJ0164
OJ016,!t
))0164
000164
)10164
J00165
:)00166
000167
)00168
)J0169
')OO')QO
)(')0)0

OOO')JO
)000)0

SUBROUTINE REC(~2 (~S,III,~P,[N)S?,H,LE~GTH,PR1,PR2,PßT,FREl[,FT,DOnOOO

*[TCCRR,DIG,D,[PAV,*,~SP, I1SPACI OJOOOO
o------------- ----.------------ - -----.----.-------------------------- ------- OO:)OOC
o SUBROUTINE SU8~Al EVAllA1ES MASS FLG~ R~TES AND TE~?ERATJRES FOR 0001)0
C ThE HIC PARTS Cf '>'lALL 5UBCHANI\El 00000,":
o 000000

REAL LENGTH,LAMhC,MAhC,~IkC(2I,M2WCI21,MSOWC1,MSCH,~SCH1,MAVCF(2J,)))OlJ

* "A\I,MAVJT 00000::
[) I ME NSrCN \K F UC ( 2 ) "~ eHe ( 2 ) , h CF 1AC ( 2 1 , E P 1\-1 C ( 2) ,(J h Cl ( 2 I , r 11-1 C( 2) , r .) 0 00'"

1 TA WO ( 2 ) , T 2 W( ( 2 1 , PHe 1 ( 2 I ,R.IH ) ,W ( 2' , RU ASWC (2) ,A hC ( 2 l , ,);,) I) ') 01
2 T~OEXC2l,TA(F(2J,U~CF(2J,~CF(2J,WThC2(2),WTWCJ(21 000001
3 , XME \1 ( 2 J • DEl 1 11 ~ {2 J ,In ,,\ WC ( 2 I , I~ L I NVi C (2 ) , THEX (2 1 , DP \~ C( 2 1 , ) ) :) 0 J 1
4 UWC(21 0)0001
ce MI'1C N1 ce RR11 S I GA /'1 I ( 4 2 • ~ 1, PHI I ( 4 .2. 3) 1Ulk R21 CHI { 18, 2, 21 , PSI ( 18, 2 , 21 ')(»0 J 1

1 IGRlnO/CSPAC(42,~,4)/IJl/I\Eq(421.NIS(~2,31/IND3/NTYP{421 0(0))1
2 I ( EN21 A ( 42 JI'Ll 0, 2 I U t V ( 4 2 ) 1 MO) ') I LW ( 42 J1\1') B(, hL'\V C42) ;) 0 ') 0') 1
3 IMC38/DP(421/SUBC2/JCHC(l,2J/SU31/ASCH(42,3J/SUR2/TSC~1(42,3)OJ0001

4 ,~SCH(42,31/SU88/~SCH1(42.3l/SUB31/WCFNS{3J,D~NS{31.~TNSl(3,OOOOOl

5 3 J ,w TNS2 ( 3 , 2 I , L 1\ 5 ( ~ J , RU ,/\ S1\ S ( ") 11 HE ~\ 10 n SO H ( 42. 'n 0;) (, ) 0 1
6 I~CSEI/DEWC(13,2,~I,PHWC(18,2,2)/WCSE2/MSCwCl(lA,2,2JIWCSE5/00n002

7 T SO. C 1 ( 1 8 , 2 , 2 ) 1 nC S E3 /l ,,\ -'H, C ( U. 2 , 2 1I'tl CSE 4 JeT JP. 3 C1 <) , 2 J ) (1 0 (' ;) ;::
8 IkCSE6/ASChCl(lE,2,2)/WCSE7/MA~C(18,Z,21 00')002
9 1,~CSEe/ASCHhC(U,2,2J/~CSEJIT."IV\1CI18,2,2) 0)00112

ceMMeN ISUROllNCHCI31 ,JSCH(3, 3J/G~OO/ACH{31 OJ0002
1 1 GRI Cl 11 [ P S ( -'i 2 , 3 , :: ,0 r ST 5 ( 7 J1 G!\ I J 81 PG0 P C4 2 , 3 , 't J 0) nl) 0;::
2 ISUC33/AC/\B{ 18,21 ,J[Ee (lS.2Jh1,''\COl!XMSCHB(18,21 ,X.\SC1AI18,Z) ::))1):);)2

3 "P'/\RI/CCEV/QPßR2ICLI~M,QIJ~V/JPAR3/P[Rl(3) 000002
4 IGRIC~C/EPShC(1P,2,2,4J,CSP~CI18,2,2,4)/GKAV/IGRAV OJ0002
5 IGAAG2/FCCPW2118,21 OJD002
6 IEf\[OP/IENE/~RIC2/)~CIOQ,42,31/M[XS2!CY/SECIN/K 08000?

XX=l./S EC665. 00000~

00 70 [= l, rJP OJO,)O?
FkELWC=fRELI ooooo~

NCHCI=NCI-C(IJ )['100:=
0)000:

IW IS HE OTrER S,JPCl-tJf\NEL [f ,dIll CH"I'V~EL NS; NCHCI IS THE ~J'JIv1ßERJr1,)OO:

UF CHM;J',ElS CCN!\ECTED lC SURCHt\l\,~El I )DOO,):
00)'10::
noooo:
~nooo.;

) J0004
c
c

c
c
c
c



C
C----EVAlUATICN OF TI-'E CRCSS FLCII SOlUTIC'j

CAll CRf l 1 ( ITGl ,0 ? WCAV,F REUJ C, ,'\.s: H( i\ S , I I ,2 , iHK , ~1 11'1C, 0Ph' C, WCHJ C,
* wCF1~C.EPlwCI

00 5 JW(=1.2
WCF~C(J~C)=WCF~C(JWCI+~CFL[(J~C)

M2WC(J~C)=~IW((JWCl-H*WCFWC(JWCI

MAW C ( I I I, I, J \oi C 1= ( M2 vi ( L; hC) .. !" I W(( J.JC ) I *0 • 5
TA~C(JWC)=TSCH(NS,IJ

RU ASWC ( J" C) = MAWC ( I I [ , I , J ~ () *$:;) P1 {l.\ '1/'1 C I r I I , I ,J ~K 1*0. 125 )
5 CONTINUE

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ))000t

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• :l,JO(,):)t

I F ( n Cl .. GT • 1 • AN J '" I V I A• E.-;; • 1 I G0 T J 3 0

))0005
'10000,:
):J ')O-)f
:) )(10)('

()O)~

))0)04
JUOU:J4
):) 0 !)fit.

:))OJ04
000004
0)(') ,)L

JOOD)4
:JJOOO::
)) 0 1].) ~

OO)·):)~

::'J010:
-)OC )0"
0) 'WO:
10)(10:
'))000':
,CO:)i):

J Cl CJ) Oe
OC!OJ!Jf
o:) (\ CI ')f:
)J .)) 06
10'))0f:
,)) (lO!
I::'J 0) 7
')0 (! 0 0 7
1[1)007
,Je 1 )07
)0000

'))(,')01

'''(ion )}
))0,)07

JO ») 0 7
i):J QOOS

- 13 
PCR1I(~ [~CEX = IP~~C

ITERATICN ON THE RElAXATICN FACTOq (lOOP ITFREL)

De 50 ITFREl=1,S8
I VLA= 1

CEN TRAl CHAf\jN EL

CALCULATION CF THE PRESSlRE lCSSE5 (LGOP ITGl)

00 49 I1Gl=1.6Q

00 101 Kl=l,NCrCI
JCHCIK=JCHCI [,KU
J=~IS(NS,JCHCIK)

IPAWClKl)=3-NTYPIJI+Nl)P(JI/3
101 CCNTINUE

00 3 JwC=1,2
WC f LO ( J \<l C 1= "i CF NS ( I ) *1'1 SC\- ... ( ( I I I , I , J \-1 C I1 Ase H( "J S, 11
iH W1iC (J WC) =M SC ~K II I I I , I ,J \<I Cl
A~ ( {J h C }= ASO· WCI I I I , I , J r. ( I
oEl TA A ( J v-. Cl= 0 •
QWC l (J we ) =Q SC H{ f\ S, I I *P H'I ( ( I I I , r , J i~C ) / ( L E:'IJG Tr *).25 *p I G':<)j *;2 LI EV
(J LI NW C ( 3,- J~. C 1= Ql I M1 '* PE Fl (J I-< C I *0 .. ') *) l) EV IL UJ GTH
TIWC(JWCI=TSC~Cl( 111 ,1 ,J\<.C)
~H01(J~CI=RHO(DRl.lSC~(1(III.I.JAC)}

3 CONTINUE

c
c

C

c
c
C

c
C
C

c .•................................................................ 0000J2
C CAlCULATION OF THE AVERAGE GAS TE~PER~TURES (LOGP ITER~1 JJ0008
C ))0008

XPREC=1 .. E-04 000003
DO 25 ITER~=1,20 0)0008

C 000008
CA) TURBOlENT EXCHANGE REHEH ThE TAJ runs CF SUBCHANfiEL )::J),'l,jrj

C 00010 0

IF(TAnC(ll.lE .. () ... UR. lA~((1l.GT.3J)O•• OR .. 1AWC{Z).lE.)•• 'JP.. O))J(Pj

* TAWCC21.GT.3JOC .. JGOTC SS )~)OJ9

YYWC={YYCK,NS,IJ-l .. J*(Y+l. 0000J9
i'I TWC1= TME( P BT,MA h C( I I I , I , 1 J , 111' .6. W( ( I I I , I , ,2 ) , TA~iC ( 1 ) , TA vi C ( 2 ) , l'\ 1"1 WC ( I I 1Cc) nJ q

»< I , I ,1 I ,l AMW C( I I 1, I, 2 I , AWC( 1 J , A\'1 C( 21 ,C r J R'l« I I I , I» )*YnIe ') J [\ l) 09
T A12= HH WC ( I I I , I , 1 ) ~ TA H ( 1 ) HA AVi ( ( I I I. [, 2 I *LhlC ( 2) 111 $ eH ( iJ S, I ) 'JO T) 0 (]
THEX ( 1 ) =- (TA WC ( 1 ) - TA w( «2 I ) *VI T hC 1* CP ( PH , T!I 1 2 » 0 0 0 0 1))

T~EX(2}=-THEX(lJ 0)0009
C 100100
C BI TURBOLENT EXCHANGE ~ Il~ (HAI\NElS OJ0009
C JJOOJ9

00 8 Kl=l,NCHCI J')Q010
IWC=IPAhC«K1J )OlJIJ
JCHCIK=JCHC(I,KlJ J00010
J=NIS(NS,JCHCIK» J00010
NTYPJ=N1YP(J) )00n10
MAVJr=~JV(J)*AC~(NTYPJ)/~{JI ~JOOIQ

WTWC2( I~C)=WTN$2( I,I<U ))0010
TAl J =(T A~ C( I wC I *MA1-1 C ( I I [ , I, I Vi C ) + T .~ V I J I *."" AVJ 1 J I { .-1 AVI C ( [ I I , I ,lW C ) t- 0 J 0 0 1 i}



32 -
A JT J 0 Jl1

ThEX WC =ThEX WCI- lt C ~C -TAV * TWC2 riC *CP PB ,T 1)00
B CCNTINUE JOOOII

I (NP EC.IIGeTD 11 000011
C )JOOll
C CI TURBOLENT ~XCHA~GE IT~ l~E eTHER Sj3CH~NN[L JJOOll
C 1J0111

SRU.AS=RLßSWCll)+RUAS\r,( 2H2.*RLASNSII.,) )00011
00 10 J~C=1,2 ))0011
WTWC3IJ.CI=~TNSll1,2J*(RlASWCIJ~CI.RU~S~SIIWII!5kUAS 100111
rA I J = LT ~ WCI J iN C ) *:"\ /'I WC ( r J I , I , J 1'1 C ) -+ Tsc rH N5 , no *MSC H ( ~~ S f I \~ I I1 J \)0 i) 1.1

".. IMAi'lC 11 II, I ,JI'ICI +/-,':CI- !!\S ,1.\ 11 '))0011
T HEX ( J WC ) =T rEX l J \.0; C ) - (T A 'n ( I J \~ C ) - TSC H ( tJ:), I I'l I I *WHiC J ! J ;'!C ) *C{} ( P :H, rAr J J ) 0 () 12

*) lJOOl~

10 CCf\lINUE OJO,)12
11 CONTINUE ))~Ol2

C JJO~12

C 0) CRUSS FlCW EXCHAN~E BElkEEN T~E TAO PARTS CF SJBCHANNEl )00012
C 000012

TACfilJ=O. ))0012
MAVCFI1I=O. 000012
CAll CF 1 n 1\ WC ( 1 ) , T1\~H ( 2 ) , Mi~'~ C ( I I I , t , 1 ) ,jL~ ~~ C ( I I I ~ I , 2 I ~ D() tJC ( 1 ),I(,1 012

*DPWCln,lTGl,TI.CF(l) ,JVAV(F(l) 800013
TACF(2)=lACFIIJ 0)0013
1AVCF(2)=~AVCf(11 J~IJOI3

C 000013
C EI CROSS FlCW EXCHANGE ~Il~ (~ANNElS )20013
C 00"))1?

D0 16 K 1= 1 , 'K Hel J ~l 0 ')1 ?
IW(=IPA\Il( IK 11 ())(J0l]

J CI- C I K= Je Hel r 9 :< 1 ) C' J nn 1 2
J = NI S( N S , Je He I K I ~I yH) 1-:'
iTYPJ=NTYP(JJ 000014
MAVJT=MGVIJI*ACHINTYPJJ/ß{JI 301814
CAt l CF1 n A:/ ( I I WCI, T.1 V! J J , r"1 !.I \'1 C( r I I , I , HJ C) , MAVJ T ,0 P \'1 C( I ;iC I , )f'l ( J J 9 J ) ~) i) 14

*I TGl , TA Cf { IW CI, ."\1\ VCF ( J \A eIl OLl O;H-'I
16 CGNTINUE ))0014

IF(~P.EC.l)GOTC 18 000014
C :n r ,0 H
C F) CROSS FLCW EXCHANGE ~llH THE CT~[~ SU3CHA~~EL r~O~14

C )J0014
00 17 J~(=1,2 000014
CAll CF 1 nA \'i C( J ,K ) , 1" SC H ( l' S , I h I , MG yJ C { I [ I , I ,J \-V Cl, ~-I SC H ( iJ S , r WI 9 Ci) 0 )l ~

* DP I,J( «J ,.j C ) , J P NS I H., ) , r TGl , TA( F ( J WC) ,r,\:\ ver- ! J \~ C) I 0 Q ') i) 1 ~

17 CCNTINLE O)OQl~

18 CCN1INUE ~JO)I~

DO 20 JhC=l,2 )0001~

TACF{JhC)=T~CF(JWC)/~AvCF(JWC} J~801~

TAICF= ( T!lW(( JWCI *\1!~WC (r II, r, JwCI+T,'\CF! J~KJ*MAVCFlJ\'iC)J !("'I'\~C( Irr, :jJOOl':
*I .. ,JWC)+:"1AVCFCJWClI C)O:]l~

CF rEX = 1-1 CF hC I J h r. ) >\t nA W( (J ~ ( 1-TA Cf( J \.J ':) ) oi' CP{D R1 , TAl CF J J j 0·)1 C

XXMAV="IAwC(IrI,I,J"~(1 ))oJt~

XXM2=M2k((JWCI OOJOlf
IF{ IENE.E~.2IXXI'IAV=v1I\A((JhCI J:)iI(1U
IFCIENE.EQ.2'XXM2=XXMAV 00001~

r 2 Vi C «J rl C ) =TS CwCl! I I I , I , J ~ Cl ... H I { XX11:\ V*c P ( Pß T , TA~l, I J I'IC J I I ,~ J J on t

".. (lJWCL(JWC) +CLI!\~C{JwCI+TH":XlJWC)+CfHEXJ :)')Ol!f
IF(A8S{PHI(NS,IJ).~T.I.E-20l:CTCZO) OOO')l(
P SIC J[ I ,I ,J ~K J =1 • ) ) ,) 0 lC
GOTD 701 JJO)te

200 CCNTINUE DJOOlf
PSI ( [ I I , I , J ~K I = lT I- [X I J \-. C )+ CF HEX I ,,, HI Ud C ( J \1 C J"" ? IH I IrlS , I J ) J ') (I .j 11:

201 CONTINUE J0001,
T AVhC ( I 1 I , I , J WC I c:: ( XX~~ 2 *T2 H I J y.. C J+ "1 I ,IC LH,J C ) *T SC Vi C1 ( I I I, r , J i'i C I I 0 ) 0 .) 1 ~

"" *0.5 !XXfJßv ))')Dl1
20 CCNTINUE 000011



-
t

:)0

0')00
OO:)!)H

J (; 0'
OJO 1 t
J 001_

•• OJOJlE
DOOOlE
OOOOH

)')0022
C!)(1022
DJJü22
))()O?2

)00022
000022
0)0022
000022
(00)22

1 , J'\C F ( 11 , QQ Cl <) 22
JCtoo23
:JJn023
))0123
000023
)00023
JJ0023
100:)23
)1)')023
000023
()0023

GT .. PR,EC GOTD 22

33

00 40 K1=l,KHCI
I hC =I PA \\ ( I K1 )
JCHCIK=JCHC( I,KU
J=NISINS.JCHCI'<J

C ALL CF 1 (U v.i eIL) ,U..; C ( 2) ,A H ( 1 ) • i\ h C ( ~ I , J P .'~ C ( 1 I ,D Pt. C ( 2 ) •
AC F ( 1 ) )

JACF(2.~=LACF( 11
ACFIZI-=ACfll)

END OF n-E LOG;") ITU"': pe If\T r~EI\CHEU I'l THE CASe UF -CJ"JVE~GUJCE

PROßl ["1 S

TMOEX( l)=-(UWClll-U\<\( (tl PvHCl
TMCEX(2}=-T~OEX(11

00 35 K1=I,HCHCI
JCHCIK=JCHCII,Kll
J=l\ISINS.JCI1CIKI
I~C=IPAH(Kl1

T MO EX( I V. C 1= HW E XI II-.JC 1- ( Ur. ( ( I\~ C I -U W I J ) } * \ci T Vi C2 ( I ~i C )
35 CCNTHJUE

RJ TURBOLENT EXCHANGE Wll~ CHANNELS

EI CROSS FLC~ EXCHANGE ~I1H rH~~f\ClS

[) I C Res S F l 0 >'d EXCHANGE 8 E1.~ ED j TI- E T ,,j [J ? AKT S er SUB Cl- IMnJ EL

3) CCNTINUE
DO 31 J\o,(=l,2
RHO AV ( J Vi e1= RHO I P ß T , L\ v \<I C I I I I , I , J vi( I )
J V. C ( ,J WC ) = ~A f~ C I I I I , I, J \" ( ) I Lil V, C{ .H~C )*RHl AV( J \.J C ) I

31 CCNTINU[
;)PwCAV= C •
SMWCl=O ..

oe 37 Yl'iC=l, 2
I F ( NP .. Ne. 1 I Hi GD ( J y< C I = 1 !~ C EX ( J \, C )- W ';4 C( J WC )-Ij NS ( I \-0 I *WTtri C3 ( J AC I

37 TMOEX(JWC)=T~nEX{JWCJ*FT*h/AhC(JWCI

UACFIll=G.
ACflll=O ..

:))OCHE
\~ R IT [; ( 6 t 26 I i JS • I • (T A~J ({ J \A C ) • J C= 1 , 2 J • IT CO RR 0 Cl ') 0 1 >

20 FORMAT( 'jX,'STCJP If\ L(CP lIER!" CJF S0'3. Rf:CCA2. NS=',I5,2X.'I='.on,)1)1 c

* I 2. 5 X. • TE'''' P ERtJ. T Uk ES=, / '5 X, 2 EI: • 7/ ') X. I I TC 0 RR=I • I 5 I I) ü) 0 1 <:.

RETURN 1 OGOOl(
• ................................................................................. '))C)()lS

CONVEkGENCE HAS ßEE'~ f,EMhEiJ FCR H-L cW:RGY EOUATWrlS; THE CAlCU= ODJiJiS
LAlleN OF THE PPESSURE cpeFS STARTS 00001S

OOOOlS
::n 0 ,]1 <;
:)):)01<:'
')8011<;
CJ002C
0000 zr
oooozc
(i )002-:
:)Q(JOr
O)002C
OQ(;)2C

J)002"
»)f))2C
)0002C
j'YI021
(00021.
000021
000021
000021
000:]21
[lJ0021
000021
00D121

Cl TURBOlE~T EXCH~NGE ~Il~ l~E CTHE~ SJßCHANNEL

1\) TURBOLENT EXCH/\NGE REHEEN TI-[ hlO ;JARTS OF SUBCHANf~EL

G EQ. I Gel 0 3)
GT. XPREC= E-03

.GT.15 XPREC=I.E-82
DO 2 J (=1.2
IF(ABSITAWC JWC TAV~( flI I,JWC

2 CCNfIf\4UE
Goro 3)

22 CCNTINUE
DO 23 JVlC=1.2

23 TAWC(J'l'iC)=T'\V\~C(IrI.I.J,CI

25 CCNTINJE

e
c
C

C
C
C

C
C
C

r:
C
C

c
c
e

C
C
C
C

c
c
C
c



NT PJ= YP J
AJT=ACH rdyoJI
'::f\ll CFIIU'..,JC{IriC)?U'\VIJI,A~({Ik-.C UT ,JP'tJC I C ,JP(J},l,

'* UACF [wCI,ACFIIl<CI
40 ceNT HW::

DD 45 J\i!C=1,2
c
C F l CROSS FUh·, EXCHANGE ~ I1H HE CThE;~ SJ1UH."H~El

C

:)::>00.24
:))0024
ClJ0024
»)0024
]0002 l t

))01)24
00002 tt

J)0024
JOOJ24

•••••••• ~ ••••••••••••••••••••••••••••••••••••••••••••• •••••••••••• 00002(

................................................ ,G ........ ,. ......" ........................................................... • :) :') !) () 2-S

.. .... ,. '.;8 :) J()() 3·::

E\lD OF Lee P I T FR El: P[ IN T I~ [ ACH EJ I'~ THE CA SEm: CO IVEP, GF'J r: r: (100 I) 2S
t>RCBlEMS )0002~

':>0002':
WRI TE ( 6 , 5 1 l I TC 0 Pe R ,N S , I , I CP \0.( ( J h() ,J ,J C= 1 , 2 ) , ( MAh C I I I I , I , J WC I ,J We= 1 , J Jot)2 c

* 2 I , ( T/\ VhC ( I I I, I ~ J i~ Cl, J "~ C= 1 , 2 I , I t\~, C I J ~~C I ~ J d C= 1 ~ 2 I J Cl 002 S
51 FCRMi\TU/ ':)X,'STOP 11\ LCCP ITGL JF REC(;~2: ITCURR=',r5,5'(tH~S=', 00002 C

1I 5, 5X,' 1=', IZ/5X, 'PQESSUr~f: lCSSES:' ,2E15.5/5X, 'I\VERAGE11\SSES:', :JJO'"l2S
22E15.5/5X,'AVERAGE TE~PERATURES:',2E15.5/5X,'AR[AS:',2E15.. 51 ))012S

RETUR.N 1 :'J003C

J)0021
O} 0027
JJ)()27
:)}on27
000027
0) 00 27
J 00027
000027
J')0027
')01027
JO 002[:
'l)Od2f
00002 f
»)002E

OC)002E
CJOCl2'
'))OJ2E
'J']OJ2~

))002E
));)02<;

on003c
010)3:
1)003C
00003:

• • ....... -·e • • •• e •••• _. .. •• • • ce • • .. • • • • .. .. •• • .. • .. • • .. • .. .. ... .. .. .. • • .. • • ... • • .. • • • • • • • 0 ,) 0 (l 2 t

TEST CF CCNVERGE~CE [~ T~E PRESSJqE JROoS

r.:NC OF leer nGL

C01HHlUE
A IT= IT F REL
FRElWC=1.-AI1*C.Ol
CONT UW E

THE ENERGY EQUATICNS Af\C T~E AXI~l MO~E\lTU1 [QUATIONS HAVE
REACHEC CCNVERGENCE

IFlf\P .. hlLll (ALL CflIU",CIJI>.C},JNSlI\O;I,AWCIJl-iCI,ASCH{\lS,IW), OJ0024
* DPACIJiK),OO"~SII\;'lfl 9U'\CF(Ji'lCI,'\CFlJ~'iCII ))(.1025

)00025
01( iJ2 5

JACFIJWCI=U'\CFIJwCJ/ACF(~kCI JJ002J
CF~OEX=(2.*UWCIJWCI-GACFIJkCJI*\O;CFWC(JWCJ*H/AWC{J~CI OJOJ25
XME f'I ( J WC1= L LI M\H ( I I I ~ I, J \Ai ( 1* H / ( 2 • *)E.~ C( I I I, I , J:I (j *R I nA v I J }·K J ) 000 () 25
I F ( JWC .. E'J .. 1 ) X~~ E,.. I J hel = )c H f'I ( J VI C ) *' F (;J Pw2 ( I I I , I J J::I O!) Z5
RE= MA he ( I I I , I ,. J WCI *0 E\-, CI I I I , I , J ,,",C I / ( A..Je I J vi Cl *' ETA ( Pi3 T~ TA VWC ( r I I , I, J ~D D25

IJ hK I) ) :nonZ5
[ F( IN 0 S P • EI) .. 2 I X,v EM( J ~c )= XH MI J iI () +- I C <; P vJ C I I I I , I ,J WC, I 1 S PII,C I + OS POP F ( ) ) ') u 2 'i

*' EP S we { I II , I , J WC , I l S 0 ,LI Cl, [ EIr; C( I I I, I, J '>4 C ) , l M~ VI C{ I I I , I , J \101 Cl, \"1 S P , 00 O:J Z("
*PGDPINS, I, I lsoAC) ,RE ,211 /RHCfl\/C JwCI ))0026
DPhC(JWCI=XX*(-IMAwC(III,I7JhCI/A~C(JWCI}**2*'IXMEM(JWC1-(RHOIPR2,000026

* T2WC(JWCll-RHOl(JhCll/kHC~VIJWCI**2-DElTAA(J~cf/IAWCIJWCI* 000026
* RHOAV(JWCIIJ+TMCEXIJWel+CF~CEX+I~~~V~S10.6L5*RHOAVIJWCJ~HI 030026
opweAv=cp~eAV+DP~C(J~CI~MIkCIJWCI )00026
SM~el=SMWCl+MIW((JwCI 0·)0026

45 CCNTINUE )00026
DPW(AV=CPWCAV/S~WCl )00026

IFIITGl.lT .. 4IGOTO 41
00 46 J\I\c-=1~2

I f IA 3S I ep" C ( J WC J/ CPii ( ßv- I • I • CT • 1 .. ::- ü 2) Gcno 47
IfIA8SICPwCIJWCI/ooWCP\-1.}.GT .. l.[-03 .AND .. ITGl .. LT.40IGOTO 47

/+6 CCNTIN d E
IFIIVIA.EC.2IGOTC 55
IF012WCIll.LE.J ... CR .. f-2HI21.LE.].U;JTC ')9
I VI A=2
CCNTINUE
DO 48 JiIIC=1,2
WCF\o;(IJ~CI=WCFWC(JWC)-~(FU[IJWCI

CCNTIf'JLE

55 CCNTHJUE

c
c

47

48
49

C
C
C

99

5:J

c
c
C

c
c
C
c

c
c
e
C



35 -
DO 56 J C= ,2 J 003C
iJPAIJF=DPAV-IGRW*RHIJ~\I(Jv,C*H*O.JH J)003C
BMW(=SQHT .'.IRS( COAVFI I ()(X'*XMEi" JwC» )*~ ((Jv,C) )J:I:J3~

C rl I [ I I I , I , J l"i C )= ( r-' AHC ( I I i , r , J \<\ C I - 31'''/ C I I ( '""~ C ( J \>I Cp, S r G'1 AI ( NS , I I l Y\ )) 3(
56 CCNTINUE 100031

EP S~=MAw( ( r I I , I , 1 I - t X"" 5(1-. t ( I I I , I I +X ,'~ SC riß ! i I I , I ) I )C) 0 ) 3 1
X1'1 SC HA ( I Ir, I l= XNI SeH A{ I I I , I I -I- EPS fII'l< { 1 • -1 • / Acl Aß ( I I 1 , I I 1 Cl) !J;) 31
XMS CH3 ( I II , I l= X~ SC H2 { 1 I I , I I .. EP S{II/,U\ 3 ! [ I I , I I ) CJ I) 0 31

10 CCI\ TINUE [) )(',)31

RETURN ):)0031
END J~J031

W
- )00031

C ( ))0031
C 000031
C J00031

UBRUUTINE ~TRI(PAT,TBT,~ASSI,CEl,A~f~I,AJAB,LAMl,YYI,JA,F~CHE,TE,J)0131

* RH t I , I I , "l t J P IN, TW1 , RU 1Cl~ L, IT YP , J EI , J , YY0 H, Y,' , F 2/\ TI P , F2 iJT IPI):) Cl 031
C---- ---------------,-.------- ---------------- ----------------------- -- 80 on31
C RTRI EV.UU.!\Tf:S RCD TE"'PE~.nUR[S FJR C[iHK.!\l AND CORlf:R SUß'':dMHJELS)O)3;'
C AND FO\{ TH[ HiC P/l.RT S CF klllL SUßCHA:\FJELS PJ THEKOUGH PDR TrON. THEJJ003!
C BULK TEMPERATURES OF l~E ThO RfGICJS DEFINED BY THE TAJ=l LINE ARE:))On3~

C ALSO CCMPUTEO. 01003=
C GrJ)03~

RE AL l.~ I" 1 , Ml.\, SSI, K I , K~ F FA • NLI, NLCf~U TU rJ Cl () 0 3 ~

C( MMG NI SU e2 11 T SCH;'\ I 1 8 , 2 ) " TSC H9 ! 1g , ~~ I1 SHR(] UGITL IN EfH 18, 2 ) :) 0 Cl )3 2
1 IQSHRh~i\LIN/TRAf\~/RHTU,KHS/J/l,\!o\INJII2np{42.31IIS'JP/I:JLIN )JO{)12

_ _e ·e 11I O'J():)36

•••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••••••••• 0)0034

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 0)0031.

000036
)')0:)36
JO:0036
[10016
)')003()

,))0036

)J),)H

):)0034
)J0034
))0034
00:)014
))0114
(00)34
)00034
)>)0035
800035
)O!)035
00)035
C))0035
)J0035
')00135
)00')35
O(i()/)35

OClO:B5
)Cl0016

INlEl EFFECT CN THE NL5SELT NUMEER UF TrlE RO!)S

FAC HE= TI SIR 1 , R2 ,Z )

TEMlAM 15 CALLEe IF T~E FlCW 15 LA~INAR; THE CALCULATIU~ RETURNS
THEN Al THE ENC CF RTFf

CAlCUlATICI'J OF THE 3ULK lEMD[RATURE:> UF THE Hm UJNCS JIVIJELJ SV
THE TAL=O LINE « loce Il~ )

00 1 ITk=l,lO
RH01=RHC«P~TfTBl}

UlDU=R U1ORU~~RHO 11 RHn 1

R1=0*0.5
RO=0.5*SQRTIO**2+CE1*OJ
R2=SQRT«C**Z+ACAe*CEl*C)CC.5

YOH= (RO-R lI/RH
R2MROH=«R2-ROI/~H

YYDI-=YOI-+R2"'1FOH
RODI<2=ROJRZ
R.10R2=RlIR2
Kf=KAPPAIP8T,TBT)
ETAI=ETAIPBT,TRTI
RHOI=RHcePßT,TBTI
CPI=CPIPET,TBTI
REI=MASSI*DEI/IAREAI*EIAII
PRI=ETtJl*CPI/KI
U!=MASSI/IAREAI*RHOII
TWAlL=TBT
HlO=TßT
TB1=T8T

;))003::
.)() ()C! 3=
)J003~

IF(I2TIP(I,MJ.EQ.IJCAll TE~LA~(&2000,P3T,TßT,MASSI,JEI,AREAI,QA, Jl003~

&)ALI N,T E,I ,l [, \~ , TW1,I TYP, F2 AT I P, F2DTI!' , DI ) ) CI '} 3 ..,
********.****** •• 6~*.t~**~*****.**~*~**«**************.***********rl003~
THE FlOI'l 15 TURBULENT: CAlCUlATHl P[RfJR~[O ASSUiH>JG RJ!JG'l FLJ~~ ))0033
*•••**.*********•• **~.**.*******.*********************************000033

OJ0033
(t)O'lJ~

J00033
OJ )()34

c
C
C
C

c
c
c
c

c
c
c

c

c
c
C
C



••••••••••••••••••••••••••••••••••••••••••••••••••••• $ •••••••••••• n0003S

• 'O ,. __ fit ,. ,. .. ' ) ') 0 04=

END OF leep ITWl: PCI~l PE~C~EC I~ T~E (ASE CF CCNV[RGE~C[

i>RO Bl [M S
~l )'))JS

')))0)3S

J(j U04C
JOOi14::
JOJC'4C
C')004C
Ci OQl4(

:)) J 03 cl
, l i\ ~ 1 , R[ I , P .'~ I , r 8T , YDH• RIO fV , R2'1 ROH. U1 ) U. R Etl n, J 0 CD 3 g

))0039
lOOO;}';
JJOIBg
:ID003;
J )I):))<;

'1000Y;
[')0;)3';

o
R= *SQK LA 1 ~1?: Ja 3

e ~ ••••• s@. • •••• ~ •••••••••••••• @... .... ..)J0 37
CUl T [C N CF THL: S URFACE P I TE 4P [ f{!H J RE !H I F I N E C0 ~ Ji) J CT 1= J .n ) 3 7

OF HE CA~N G ETAL tN( AT ). SHROUD = 0 LOOP IT 0 GOi7
J)0 37
=!)J 03
ilJ 0 037
J '))3 7

5.5 J)0037
JOO:)37
)JO)37
OU(JiJ33
)):))3'!

) J CJC!3fJ
')CO{)Je
J0003 ']
)00J3i3
)() 0)3 F

CJ )00 38

1
c

00 30 Hd=l lC
F AAS wo .LT.30ao .A~C. ARS Th LL .LT.JOOa GOrD 29

WR TE(6?28)IyJPIN,T~Od All
2 a F 0 RJII AT ( ') x ~ ~ STC P f\ R1 RI: f\ S= f , [ '5, 5 X, I P [ i\j= , I 5/5 X, ' T ','li ') =' ,t:

I5X, -TWUl=' ,EIS.S
RETURN 1

29 CCNTINLE
ET4W=ETA(PBT,rwALL)
RHOW=RHC{PßT,TwALLl
REw=Ul*CEl*~HC~/ET4W

REkO=REW*ETAW*RHOIPßT,l~CJ/IRHCh~ETAI~ßT,TWOJJ

IlPlUSW=RH*r<'E',.;*SQRT{LAi'" l*C .1251 leu
H PLI.; S0 ~ HP L ~J S \00. *R[ Wn IRE h
C AlL R Nu« HP LUS \0. , r v. \ l t • l/\ I" 1 ,R EI, PR [ , T ;) r, y tJ H, i~ 1 0 R2 , R2 ·1 F I) d , U1 ) ,J , k E\~ ,

1 YYI,NUI,GHPll
CAll RNL(HPLLSO.T~O

1 1.,NUO,GHPLI
ALFA I=I\JU I*K UJEI*FACl-E
AlFAO=NLO""KI/JEI
TWl=TBT+QA/~lFAI

TwO=TBT+QVAlFAO
IFIABS(T~1/TWALL-l.l.l[.1.E-04)GCTJ 17

30 TI'>lAll=H'o1

WR [ TE« 6 ,311 I , J PI 1\ , TW 1
31 FCRMATOHl,5X,'STi]P I~: RIRI (Lecr lTi'lll NS=',15,5X,'PPJ='d5,5X,

>:dT~l=' ,E15.5)
RETURN 1

c
c

c

c
c
c
c

c
C CCNVERGENCE HAS BEEN PEACHC FCR TI-lE PIJ TEMP[t{ATUU:
C

., • .. .. • • .. .. .. .. .. .. .. .. .. .. .. .. .. • .. .. .. _. .. .. .. .. .. •• .. • .. .. .. .. ... ;& .. • _. .. .. _... .. .. » ... .. .... .. • .. .. .. ...... .. .. • • ") Cl (1 ") 41
]f\lY FeR THC CORNER (l-t'1\~aS ;~NC HJP, THr=: W'\ll pnRT[[J~~ lF THE lMlL JO() 141
SUßCHANf\[LS JO)041

J 0 0 C) IT;~

)Jon4C
OO.}J4
::'J)04~

}00041
JO'')041
JOr))41
))0)41
));):)41
))C!)41
[)J0041

2\JJ)4;;

')«)04~

0)')04,
') 2' 0')4;

I = I , I 5, 5X , I P U, = I , I 5 • ') X, • P3 1 J 0 0 () 4 ~

J) 'YJ 4;:
JJJ04~

f{TRI (LCC? ILd

ENO OF LOOP ITW: POI~T REACI-lEC I~ TH[ (ASE CF CONVERGENCE
:lHCBLE"1S

fF=QA/(RhCI*CPI*UlST4RI
C ALL C C( f\ NE ( 1 v~ 0 ,T Er. GHF l , KeCk 2 , f< 1J R2 • YJ ii , f~ 2 '1 R,) h, F F, TSCH1\ ( I I ,{'1 I ,

1 TSC He« Il • ..., I , TE l
I f « AB S « 1 SC H'1 I I I ,M, , IT P 1- L. J • L E• 1 • E-J't ) Ge TC q
TRI=TSCH8(II,MI

7 CCf\TINUE

WRITE(6,811,JPI~,T81

8 FORMAT«lHl,5X,'STGP IN
$= • , E15.51
RETUR~I 1

32 CCNTINUE
IF( lTYP .. U.l )(;8TO 9

c

c
C
C
C

c
c

C
C
C
C
C
C

s ...................................................... •••••••••••• )J)04~

CCNVFRGENCE HAS ßEEN RfACHEO rCR THE JULK TEMPERATURES OF TYE )Jj04;:
TWO lONES CIVICEC SV T~E T~~=C LI~E; THE ~SSUMPTION ur ROUGH FLOW 00004:
IF TESTED « TlIIS PGlf\l IS REAChEJ.\lSO!3Y THE CAlCULATICr'~ FOR THE '))004
CENTRAl SJ~CHM,NElS AH H·t CENTR'\l PORTIeN OF TrlEIt\lL SUßCHAWJElJJOJ4

00')04



9 ce N N E on4::'
=TA =ET6IPB al 0 _
HPlUSB-=HPLUSW*HH01*E I ET,'\l*RbO JOO') ~

RHPl-=RHPlUS HPLU58. \,AL ,TE.X)'XX HPLJS TG ,Y 00004::
I f ( R. HT U .. lEe f{ HS G0 TJ 1 C0 J 0 -

C ** •••***.*~****.*'**************************************~********~J004~
C THE fLn\-< [F UHYCRAULICALlV'l SMOCTd: 1'-1[:: CALCULATION 15 REP[ATEJ I\l)OOD44
C SLRROUTINE RTSI. ThE [Al(llATIC~ 15 BASED STilL ON THC V1LU~ETRIC J0004 L

C DIAMETER. THE CAlCJlAIIC~ RETUR~S ~MEnIATElY AFTER :O~ING BACK ))004'
C nCf\I! fl-TSI 00004<;
C ********************~*****.****.****=*****************************O)014~

C J8004~

C ,1. Ll RT S I (P B1 , T E' T ? '."1'\ SSI, CElf Af':< [ t I ,\ [ .~ .~ , L..'1 M1 , YYI, iJ A, F /l. eHE, TE, Rti, I, (I DI) 0 4 l

.H I ,i"1, JP IN, T IH , RUl [nu, I 1 YP ,0 EI, [ ,vy 1): i, 3.85 CI), F ZA TI P, F2 01 IPI)))J 4'
RETURN JOOu4~

C ********.4*********$~*~.*~*************~****************.****~****oa004~

C PCINT RE,"CHEO IN TI-E Ct.Sf CF "[LGli FLCW ))004:
C ***********7*******~*********~*********~**************************00004:
c 0)004:

100 IF(IIYP.EC.IIRETUR~ 010Q4~

C @ J)D04~

C CALCUlATlCN UF T1-E ShFCU[ TEMPEkATIJRE rOR THE CORNER CHA"H'JELS ANDJ:)004:
C FOR THE ""ALL PORTIeN Cf lHE WALL SUSCHi\.NNElS { VAlU::: AT 1)014~

C IQ"ISHRCUO = 0 I OC~04:

c ))004:
Tl I ~ERI I I , :1; I= Th0- FF~ I 7 • 5 '* tl iJ G( ( P2- R1 I IR H) +GHr L ) 0) 004 c

I f ! TL I I'-JE P I !I , ~"' I • U: • T E 11l IM R ( i r • ~ 1=TE')Cl 004 f
c OJOC)-4E:.
C CCRRECTICN CF HE PRE\;ICLSLY CCM0JL::J PI'" Af\D SHROUJ TE"1PERHURES )CJ')Q4t
C OF THC CUU!~P CHVJi1ELS ~J\C (Jf HE W;\lL JCP.TICN CJF TJE v/ALL SUI3CHA=:)0004t
C NNElS I~ TH[ CASE Cf ~EA1E[ SHFCUJ ~~lLS (SLPERPCSITI~N PRI~CIPLEJ1Q)04(

C ))OJ46
DEIAN=2.*{R2-Rll ooa04t
lETA2=J. )J004':
IF I QA • GT .1. [- a6 I TE U\ 2= n L IN cR I [ I, 1J - T 3 r I *K I f{ QA* DEI i\ 1'11 oe' 0')4 C
nUI=NUI*C[Ii~N/CEI lCCVl4t
RE[=REI*[EIA~/OEI J00041
Al=O.lt5/12.4+PRIJ ))1))47
NUTL=TLBEl\iUIREI,PPII OC)L)041
PEI=REI*PRI ))0047
FTWA-=22 .. *IO.27~RlOR2**2-1.)/CPEI**C.Sl*~~I**C.lG)*RlDq2 000047
IF(IQlIN.EQ.l .ANO. A2S'~~lINI OJ0047

1 • GT • 1 • r: - 0 6 ) CALL TEL P! ( 1 \0. I , TLI Ntp ( II , '1 ) , TBI, TEt TEl A2 , FHi A, J :) 0 <) 47
1 \J A, Q ALl 1\ , f\J U I , tJ UT U ,'\ 1 , K [ , R l[ R 2, CE [A' 1, 1, J P In, Y YI , F AC HE J 0 (J 0 04 7

2)0) RETURN 0)0047
3500 RETURN 1 000041

~ND ~J004~

C ))0048
C )00048
C )J0048
C 000048

S U8 R0 U T I \J E RT S I ( P3 T , TI, fvc\ S SI, Cc1 ,\ ,0.. E AI, ACAB, lAi': 1 , YY I , (,) A, F ACi IE , ) ) ~) :) 48
* TE,RH,I,[I,~,JPIN,ThI,RlICRU,ITyo.JE[R,J,XXXX.*,F2ATIP,F2JTIPI 00J048

c- ----------- ----.--- -- - -.- - -- - --.- ---------------------------- ---- - ------- 000 J48
C RTSI EVALLATES ROD TE~FE~blURES FJ~ CENT~Al A~C CüR~ER SUBCHANNElS100048
C AND FnR IHE Trin puns CF 1"AlL SUßCHM1NELS I'i THE SII1(UTH PA:<. T ))0043
C 00004~

RE AL f\ L; TU, NU I 0 ,N U I , KI , I< t\ FP i1 , ~ A:) S [ ,L AMI =J Ci I) 04 8
(U~MOf\l/SU~211lSCHA( 16,2 I ,lSCH2C 18,2)/5 lRCUD/TL INER( liJ,2J D00048

1 /CSHR/QAlIN/LA~I~J/12TIPC42,31/ISU?/I~lIN/IsMn/cuTw ))0048
2 /IS~OI/ITECO 000J49
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 8J0049c

c
C
c

TEMLAM IS (ALLED Ir T~E flOW 15 L\~INAR; THE CALCULATION RETURNS
THEN Al IrE [Nr, OF ~15I

IfII2TIPII,MI.EQ.IICAll IE~LAM(&200),PBT,T[,MASSI,DEIR,AREAI,QA,

))OO't9
)00049
')OJ049
000049



- 1

& Jlll I ~ • TE, I , I I , '4, L'>j I ~ I TYP, f 2 in I P , F 20 T I P , LJl .J ) 004 'J

C ~***********.**~******.*~.*******~******.***********************~*J)D04q

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ))0052

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• )00050

• ••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••• Qün05~

O()O051
8J0051
000051
)00051
000)51
')00051
))<)051
000051
OC0051
)00J51
100)52
[iOOJ52
OJO)52
)')1]052

)[''))52

))0)52
)00052

))0;)52
DJC.rJ52
)0005~

))005:
000053
))0053
~)005~

/)0')053
(JOO,) 5:?
)J005~

:no )5::
J)O)5~

')00054

)) 0 )5~

l)lJ 0054
1J01)5~

)~1)05y

[') ') 0 J 5lt
):'005';
0(0)5';

INlET EffECT CN T~E Nl5SELT NU~eER OF THE RODS

HdO=TWI
Kl=KAPPßCPST,TII
E TA I=f r,1 (Pß r , TI )
RHCI=RHC(PBT,TIJ
CPI=CPIPBT,TII
REI=MASSI*DEI/IAREAI*E1AIJ
PRl=ETAI*CPI/KI
Al=C.45/C2.4+PRII
A2=O.16*PR[**(-O.15)
A3= 1.
I F ( R1 DR2 • LT • 0 • 2 IA 3= 1 • + ( 7 • S*(1. / R1 )R Z- 5. )/ R[ I I **0 • 6
~UTU=TU9ENU(REI,PRI)

FNU:::( 1.-All/RLCR2'~*\2 ~/'3*(TG+2n.161**CDTh*NUTU

•••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••• JOOJ~4

CALCUU\TICN OF THE SURF,1CE PI~ TEWERIHURE AT C~"ISHROUJ = ')
( U OP I TW I

ThE FlOW IS TURPUlE~T 000049
************.*** •• ~*~.~... ~* •• *.**********************************000049
TG=TE J00050
If(ITECC.EQ.2JTG=TI )00050

Rl=D*O.5 J00050
RO=0.S*SQRTID**Z+OE1*C) OJOJ50
R2=SQRTIC**2+A[A8.CEl*[J~O.5 000050
DfI=2.*(R2-kll 00005Cl
RCOR2=KC/R2 J00050
RIDR2=RI/R2 000050
RIORO=RI/RO 00005J

DOS I T1,= 1 , 10
TIrl!\ll=Tv. I
NUI=FNU/ITWI+273.161**(CT~*YyI*FAc:Hc

NUIO=FNL/(TWIO+273.161~*CCTW

AlFAIO=~UIO*KI/CEI

AlFAI=NLI*KI/DEI
TWI=TI+Q/l/Alf1\I
TWIO=TI+QA/4lfAIO
I F ( AB S ( J ~A LLI TW1- 1 • l • LE • 1 • [-,y, ) Ge T] 7

5 CCNTHWE

END CF lCOP ITW: PCI~T REAC~EC IN THE C~SE CF CONVERGENCE
PROPlEMS

WRITE(6,6)I,JPIN,TWr,T~All

6 FORM4TIIHl,5X,'STOP IN RTSI ICHAClJCL',I5,' ,PIN',I5,') TW=',
*E15.1,5X,'TWAlL=' ,E15.7)

RETURN 1

c

c
c
c

c
c

c
c
c
c

,....

c
c
c
c

••••••••••••••••••• 4 •••••••••••••••••••••••••••••••••••••••••••••• JJ1J55

c
c

c
c
c
c
c

CCNVERGENCE HAS BEE~ PEAC~EO reH fHf PIN TEMPERATUkE

CAlCUlATIO~1 OF IHC SHPCUi: TEMPERATURE HJR THE CORNER CHA'I'IELS
FOR THE WALL peRfIDJ CF 1I-E WIILl SIHC:-li\NNELS I VAlUE AT
(Q"ISHRCUD= I) )

PE1=RE I*PRI
FTWA=22.*(O.27*RICR2**2-1.1/(PEI*~~.87~?Rr**0.lBJ*R1DR2

TL INER (I I,,"1I=fn~A*:)!\*CEIIK 1+1 I
I F( Tl I NERI I I , MI. L[. TEl TLI t\ ER( I I ,'1) = r E

)0]')5':

)0005:
00005~

,VJJ)) 0'155
')00')5:
)'))05:'
)J005~

'1)0,)5:
)Oa05~

DD10'iE
)Q005c



- 1
fETA2=O ..
T SC HA ( I I t VI I = T I
T SC HB «1 I t~"') -= TI
IF(QA.lE.l.C-06IGOT1 22
TETA2=( TUNEfU 1I ,41-1I l"'I<I1(CA'~CU)

GTI=(1.S·RIOR2+C.51/(RICR2+1.1
GTI=(1.S*RIDRO+C.5)!IRICFC+1.)
UI=MASSI/IAREA[*RrlCII
F 1= RO** Z-R 1**2
F2=RZ**Z-RO**Z
FI=Fl+F2
TR1=TI

('(l05e

):)005t
)),)O')t

\)[IOU5t
))"I(JSt

)0015f
:)e' 0) 5:'
)),J051:

)) ,)'15 !

~JOOi)5/

))0:)57
Cl() r, 0 :Si

( J):)057
C CAlCULATICN OF THr: JULI< lEMPERATURES ilF TH[ HiO IONES JIVIJ!:D 3Y JJCJ)51
C TI-E TI\Uc:O LII\[ FOR H·f CCj:;NER Cr-H~;~ELS l\ND FCR THE \~4Ll Pf1RTl'l\l rJFnJO)"ii
C THE WAll SURCHANf'lELS ( Le(p I Hol I Je),')S7
C 000157

00 20 IT~l=l,lO )00051
RHClc:RHO(PBT,T811 10015~

ETA1=ET~(P8T,T31) JJJ052
UlOUAS=RLlDRU*RHCI/RHCl*S~RT(lA~1*O.125J ))OOS~

UIAS=UICL,\S*UI )[1')1'):

FF=RHCI*CPI*UIAS/QA OC005~

DO=ETA1/lRHOl*UlASJ 00005;
AS=-TETA2*PEI*UIDUAS/G1I ))J05E
ß S= ( HJ [ 0- T I 1* F F- AS *(AL( G ( ( R2- R 1 I I J D I - GTI ) (I n0 0 5 E
T SC hA ( I I ,,'-1)= F I I F2 "" TI - F 1/ F z* (T w[ c- ( t~ S* (:\ LeG {( RO-R IU :) D) - GIl ) +p, S ) I !J Je,) 5;

IFF) ODO)5~

If(TSCH,Il(II"VlJ .. LE.TEHSCH{II,,'vj)=TE )OOOS":
T SC HH [ I , M) c: F I/ F 1'* TI - F 21 F 1'* T5 Ct_ A( [ I , r~ I ') ') 0 ') 5-;
IF(AßS(lSCH3(II,MIITBl-1.l.LE.1.i::-'J4JGnTij 22 JJOOSS
TBl=TSCHEIII,~l QJ015S

20 CGNTINUE ))0')5<;
c -e ,. ·e ,. :$ '-)(; (')5-S

C ENJ Of Leop 1110-.1= peII\,. REACrED I'J THE C!\SE CF ccrWERGE'lCE 2JOu5('
C PROBLEMS ~0005S

C D0005S
WRITE(6.211 [,JPIN,TBI )J01SS

21 FORMAT(lH1.5X.·STfJP If\' r~lSI (LeCD In-llII=·,I5,5X.'PI~1=·,I5,'n31=·,),):))6!J

lEI5.5) lJ006C
RETURN 1 Jon)6J

c ••••••••••••••••••••••••••••••••.•••••••••.••••••••••••••••••••••• )OJ06'J
C CONVERGENCE HAS ßEE~ REACHEC FCR THE 3ULK TEMPEkATURES o~ T~[ 011000
C TWC leNES DIVIDED ßY HE lAU=Q Ll\IE O()()'I6J
C CORRECIICN Of T~E DREVIClSLY CC~?~T~J'D[N AN) SHROUD TEMP[RATJRES OOOJ6C
C OF THE CORNER CHANNELS !\/\C i.JF THE rL\Ll PCRTIGr~ OF TrlE \.J ..LL SUßCrlA=OO)()6"
C NNElS [~ THE (ASE CF ~EATEC SHRCUJ ~AlLS (SLPEKPOSITI~N DRI~CIPLE)1)006)

C 0010hJ
22 IF(IQLIN.EQ.l .ANC. AP~(CAlI~1 Jon061

O.. GT.1.E-06ICALl TElINll~I.TlINER(II,MI,TI,rE.TETA2,FTWA,~A )OJ061
1,QALIN,f\UI,'\JUTU,A1,K I,j:;HR2.DEI. I , JFIN,YYI,FACHE) oneY)61

2000 RE1URN Jl0061
END 8J0061
C 8)~n61

C )00161
C J01061
C }})06l
SUBROUTINE SUE2Al(NSTCT,/\STR, I~DSD,H,l~NGTr-,O,PIG,PR1,PR2,PßT,FR~lDOJ61

*l,FlfITCCRR,DPA~.*,hSP,IlSPACI OJOa61
C---------------'--------- ------------,---------------- ------ ---- - -------000 i)61
C SUBROUTINE SUeeAL EVALLAIES T~E SJ9CHA~~El MASS FLOH ~AT[S A~D lJOObl
C BULK TE~PERATURES JJ0061
C )(1 TJ62

REAL lAMSCH,MI,MAV,~SCt-l,MSCH,~AVCF,lE~GTH.~INS(31,~2~S(3), )J8J62
1 MAV1,MAV2 ,MAW(,KIPFA OJ0062

DIM ENS I C f\ R: W 1 13 l , TIN S ( 3 ) , r. CF UU ( ) } , ...Je F L\j S ( 3 l , E 0 F~ S ( 3» , TAt: S ( 3 J , 00(106;(



')J0064
")00 JM

')J Cl J b .

)) 0)6::
)UOCl6:
) Cl) OAf:

:'!)C J(-,{

O[iOO'-):
~iD 1)'-)1) i
0)),,67
«)OO&i
)))1),,> i
):JOClf.i
onn')ui
':i Cl ) ) 6 I

0('0001
))0')67

JJOOh~

iYJOJ6F
~OOJ6S

:J")) 1")6:'

XX=1./C;EC665.
.. .. .. • .. .. .. -GI • .. .. .. • .. .. .. • ,. • .. .... •• • .. • • .. .. fiIl .. • • .. .. .. .. .. .. .. .. .. .. ..... • • .. ,. ., .. • ... • ,. • 1& • .. $I" .. ,. .. .. ) JJ r") 6 1+

CORRECTICN OF ThE CHAf\;f\El FLO~ ~RcAS TO TAKE UHU ACCJU'H T4AT
TI-'E SUßCH/HJNEl CECiv1 ETPIC Pl\RAI'!ETE~S '''lUST 3E 3ASEU 0"1 TriE TP
CIA~ETEP OF T~E RO']S 1"- HE C~SE JF L\MINA< FUW

oe 48 II FR EL= 1 , S 8
IVIA=l

................................................................................. e •• 0')c)nf...~

........................................................................... •••• J")~1)6(

NI=NER{f\SJ
:~Fl=NP-l

NSCH=4- I HP
SCh=NSCi-"
AREASC=ACb( ITYPI/SCH

CCNNECTICNS EET\i,EE'IJ HE SLECHAi\f\[LS JF CH/~i\NEL "NS" AriD HE
C HA 1\ NEL S l\ CJ ,~C E1', T Tn l' f\ S 11

CAll SU9CCNINS,ND,Nryl.NI l
IFINPININS}.EQ.lIGJTC t5
IF(ITYP.EQ.l .AI\D. IDIVl.f(.ICIVl/2*2IGJTO 65
IF( ITYP.E~.2 .A~D. IOI\1.Gl.2lGCTl 65

ITERATICN ON T~E RELAX~Tr(1\ FACTCR ILCOP ITFRELI

S • 2)0 62
ce ce ;~ I 2 3 0 '\62

1 Jln\ER~2 ,IJIS 42,3 Hhl3/ TYP {tZ) [1)0062
2 Al 4 ) GE~? ~ 42 GE 5 EZ 42 I~OO?/JAV 42 )10062
3 /MOB4 CF 42 !~C05 TAV ~21/ilaj iAV 42 MUßA/DP 42) )00062
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J)0094
JJOU'-i<1
OCO'}g~

IYl O:J9~

'))()i"'lg~

J)OJ9~

:)001194
CI CJ) ) 'Vt
JJr)J<jft
C)')Cl 1 95
) )Y19S
'1 =11 09 '5
J():-,09S



45
DH NS, S 0 95

F NT P S NE 3 GOTe 6 0
EP SM =MSC H S I 1- X~1:; ( H,Ii I 11 t I + x SC H"~ r I I C' ü 9
X\1SCH,o I IId =XMS(HA 11T,! +EPSfII*ll -1. ADMI Ir! ~ 0'JU9':
XMSCHB I 1,1 ="~SCHP~S I -XfIISCH/\(III I J)f)JQ':;

66 CCNIINUE 000 9S
C 10 iJJ9t

70 CmHINUE 0 9
IF NTYP(~SJ.NE.2 (eTC 81 )) 096

C *******************~*~***~****~********~***** *~*****~****~*******ao 09t
C GNLV FOR THE hAll SUGCrr~~ELS J80 9t
c

IZTTIP=O
Dl1 4CCl I=l.NP
12TTIP=I2TTIP+I2Trp(~S.I)

DO 4000 JwC=1.2
CHIIIII,I,JWCI=1.
PSI (I I I. I.J'tJC 1=1.
TAV~C([ll,I,J~CI=TSCHI~S,II

4,] 0 'J 1'\ AVi C I I I I , I , J WC 1=T;CH ( f\ S. I ) *'\ SC H1r> C ( I I I , !, Ji'IeIlAiJ S ( I )
IfII0IV2.EQ.1IGCTC 4COI
EP SM = MAy, C ( I I I , I , 1 j - { Xi" ~ CH~ ( I I I , i I +Xr~ SCH3 ( I I l , I I I
XMSeH /J ( I I I, r ) = X/J SCHA ( I I I , I I -+ EPS f'J',o ( 1. - 1.. I AiJ /\ e(I I I • I I I
XMSCHR{I1I, II=M/\WCI 111, I,II-XHSCHAI 111, I I

40Cl CCt\HNLE

Jl J096
,J00096
CJC\f)Q'1f.
))J;)9f~

))D09L
1(0)97
80;)')97
J80097
0(1)1]97

('0 J01:l7
180,)97
10:)097
JDOr)97
OUJ) 97

c - )):)')97

C KECCA2 15 (ALLEe CNlY Ir THE FLeh 15 TJKßUlFNT IN THE ~JH()L[ WALL 000092
C CHAI\Nfl IN CASE CF IDI\i2=1 )OCJ09P
C JG009"

IFIIDIV2 .. F) .. 2 .uR .. 121TIP .. I\f: .. UIGOm 8) ]':\00ge
!F( lTVD .. EQ.2 .ANO .. IDI\il.GL2IGCHJ3,) JJon9S
CAll PECCA2 (!\S, I I I,NP. IN,JSp.H,L:::NGTH,PRl,PR2,pntf'p'f:LI ,FT,OO')09~

* I TC CRR , P I G, 0, CP AV , '.\ 7 77 • h sr, I 1 5 P J\Cl))0) 9 2
C D0009~

C lCOOge
8,) CDNTUIUE ))(J9R

c c :))OOgg
C END OF LCGr UNS" : TI-!:: C.ALCULATI( JS HAVE [lEEN PERFOEf"1[;) FJR All JOOD9S
C SU~CHA~~ELS CF ALL Cb~~~ELS 010199
C ))0099

RETURN 000099
END 000099
C )80099
C 00009~

C ))0099
C ~810g9

SUßROUTINE SUßC(NINS,f\F,~Pl,Nll 810199
(---------._- ---------.--.----- ----------------------------------- ------ -- 0 C' 0099
C SUBROUTINE SURCCN EV,~LL"'lES Tt"E "JU'-i'3Ef{ [lF CHA:JNELS CO'I~JECTr:J rO)0)099
C ElIeH SU2CHANNEl I CF (I-,~~t\CL i\S ( IJO<:([I j, IDENTIFIES THESE 0001)99
C CHAN NEL S RY 'I; E\ NS () F J CHU I • KI, I J E '>jf l F I ES WHICH 5URCHt\ im El I I Cl F :::J ) 0 1 0 0
C THE SA;-AE CHANIJEl NS 15 CCI\f\ECTEC TO fHc SAMt CHANNEL ( ßY1EMJS OF)f)OlO·.]
C JSCH 1,1',41 ).. 0,)0100
C 08010J

C C ~~ r·1C) N /1- E Abi N P [ l\ ( 42 ) ,J F I N I 4 2, 3 J 11 HI NER ( 42 I 9 I'H S( 42 9 3 I ) J 0 10 ()
t / SU '~C 11 NC I- C ( 3 1 , J seI- (3 , 3 II 5ij'-j( 21 J CHe ( 3 ~ 2 I Ir "J~) 3/~H Yj-> ( 42 I 0)01 00

DU 4 I=l,r~P 010100
NCHC(Il=C UOOI00
JO 3 M=l,NI OJ01('{)
J= NI S ( NS ,I'J l OJO 110
NPJ=NPlt\(JI ))0101
00 1 IJo::l,NPJ COOI01
!f(JPPHJ,IJI.fCJ?IN(I'S,II)GGTC ") 0)0101

1 CCNTINUE 100101
GOTC 3 000101

2 iKHCOI=NCHC( I H·l ))0101



o
JO

OJ
3 0GO

00
)0102

C noo 02
)) 02

t' Gcnn S )00102
100102
CiOOli)Z
'J'J 0 () 2

1=Il\JPJU0 02
IF ~CHCI 1 .EQ.C GOTe t JJOID2

CHC = C~CIII OOD 03
oe 5 K2=1 NCHCI CJOI03
IF JCHC 19K1l.EC.JC~( 1<2 }GCTC 1 OY1103

5 CONTINJE JOOI03
6 ce TINUc 000103

GCrD A 0001J3
C He I K= J eH C ( I, K 1 00 0 1 03

JSC~(ItJCHCIKI-=I[ 0:'")0103
JSCHII ,JCHCIKI=I 0)'H03

3 CCNTINUE 000103
g CCNTINUE )00104

RETURN )))104
ENe 000104
C 0)0104
C OJOI04
C ))0104
C 000104
SUBRDUTI~E TELINITWl,Tll~[R,TI9TE9TET~2,FTW~,0A,QAl["J,~U1,NUTU, 000104

1 Al"KI,RlDR2,DEI, I,JoI!','l'YI,FACI-EI 0)0104
(-------------------------.-.-- - -----------------------------------------0) ül 04
C TEllN CCMPUTES lbE LI~ER T[~P[RATJRES A~C CORRECTS THE PIN TE~PER~OOOl04

C UF IHE EXTE'\I\AL CH'II\NElS 1/\ TH: C~SE JF Hr:i\HO LINER, nUR] .. Flmn J00104
c Oül1')4

C(~MON/IS~O/CCT~/ISMCl/ll[CC 000104
REAL NU'U,NJl,NU2,~[ 1)0105

.. .. e .. .. .. .. .. .. .. .. .. !III .. .. • '8 .... ,!lIl .. .. • 1/1I .. .. .. .. • • ........ 'IIlII .. .... .. • .. • .. .. .. .. .. .. .. .. .. "fit '8 .. • .. .. • .... 4& .. • • .) J :) 1 J t

c
C
C

C

r:
c
c
c

I Nl ET EFFEe T CN THEL I l' EF f\ LSsr: l f f\ 'J''1 '1 ER

R l=CEI*R lCR?*O .. 5/11.- P l[ P 21
R2=Rl+J.5*DEI
FAC~E=TIS(Rl,R2,31

T G-= TE
I F ( IT Ece. EQ .. 2 IT G= T 1
FNU={l.-Al*kluk2**a.6}~l\lTU*ITG+213.1bl**COTW*YY[*FACiE

ITEPATICf\ FDR T~E CAL(LL~TI[N CF TH[ lI~ER TEMPLRATJRE AT
I~"JROD = 0 I LeO D IT~1 I

00 1 ITi>I=1,10
na=Tl I 1\ E;~

~JU2=FNl/ITW2+273.16j**CCTW

ALfA2=NUZ*KI/CEI
TlINEk=II+QAlIN/ALFA2
I F ( AB S ITl IN ER I Th2- 1. J • U:. 1. c- C4 JS<] TJ 5

1 CGNTINUE

)'JOIO<:
00010:
OOOl'1~

CUOl):
0)0105
00010:
0)010':
::))0105
OJ011t

1C 01 Of.:
:))OltJi.
J001.)t
D:)QIOt
J)OI')('
0)010c:
J)010t
OOOlOe
OJ 01 07
0)8107

C '-8 .............................................••••••••••••• O~J0tl)7

c
c

CCN\iERGE~CE PRC8LE'~S If\ HE LCCP ITtil

WRITE(6,ZII,J?II\,Tw2
2 FOR'1ATIIHl,SX,'STCP IN TEllN: I=',I5,jX,'PIN=',I5,5X,'TLI\lcR=',

lEIS .. S)

OJ0101
'JOD 1')7
0)0107
000107
('1)01'"'7



100 0
(>:)0

'1 'I l)~
0:)0 E
:):)(1

:nJ1) =
(100 Cl
:))010<;
JOD 0';
)OOlJc

N*CE KI+TI
E

(CA [ *CE
GOle c

NU1=NU1/11.+CAlIN ~A* ETßl*NUll
ALFAl=NUl*Kl/DEI
T 1=1 [ + CAI Al f A1

R EI\ l ROD TE MPER AT URE f\ T [ C~SEC F H EA E C :< r 0 A f\lD i j E iH ED 5 HR UD

5 TW =fT RIDR2*QAl
F TW .lE.TElT =

TETA1= 1 -1 *~

IF CA. LLf-06

C

c

IftITYP.EQ.IlGCTO 1
NUIIN=4.C7+1.234/RßS*~C.tC272

QA=QQ*OVCl/RTIP!IPAI*C.5
TSCHAI II ,r-.q=T I
TSCHBI II,"Il=TI
NTV P I = tri' YP I I I
P1-/=4. * M< E1\ I,;: f 2 .n I PI ( CE 1R >l f 2 CT I P I
PH=PW-PERl(I1YP)*ASCH(1,~)/ACr(~TyDII

R2=SQRTIRTIP(IPA)**2+2.*RTIPIIP~I*AKEAI*F2ATIP/PHl

OEI=2.*IR2-RTI D IIPAJ I
KAS=RTIPIIPAI/R2
K[=KAPP~{PßT~TI)

ETAI-==Ef,1IIPßT,TI )
RHOI=RHO(PBT,TI)
CP I =C P ( per, TI)
REI=MASSI*DEI/lAREAI*f2AIIP*ETAII
PR 1= E1 AI *c P11 KI
PEI=REI*PRI
GRI=X/{OEI*PEI)

REAL MASSl,KI,KAPPA,\ll,~Ul[\,~L2,N~21~

C(MMON/INPAR/IPA/lAMI~5/FTIP(7J/2P~R1/PERL(31/IND3/NTYPl421

1 ISUBI/ASC~142,J)/GECC/A(h(31/[:J(TL/X/SHRnJD/TLI~ER(lJ.21

2 1 Sl ß211T SCH A118 .2 J ,1 SC He! 13 .2 I1 Ml\ iU 21 ~ S1 , :J S21 '"I AR T31 r'i EQR •
3 rBEJl/ISUP/ICLIN

REAL SHFOUO TEMPERATUPE I~ THE CASE CF HEATEO Rno AND HEATEJ S~~OUJJ011S

JOO 1 OC
In NU2=NU2/11.+QA/QALIN*lEIA2*NL21 10JIOS

AlFA2=NU2*KI/DEI oaOlOS
TlINER=11.Q~lIN/AlFA2 OOOllS
RETURN J0010S
E~D nnOll=
C JJnllC
C 10011C
C JJOlle
C QUOlle

SUB R0 UTIN E T EMl A\1 ( * ,D PT, TI, vA S SI, '~E I i~ , !\ RE ''\ I ,i] Q, .~ All 11, TE, I , I I , t·1 , :I J 0 1 1 !'

& TW1.I1YP,F2ATIP,F2DTIP,CVClJ J10110
------ ------------ - -- ---------.-------------------------- -------- Dorn lC
TEtJlAtJ CCMPUTES H-E FIN TEr~PERATu'{E.)\rW THE TUJ1PER4TUkE lJF THE ))(]llC
LINER IN THE SUBCHAN~ELS ~hERE JHE FLOW 15 LA1INAR ( THE VELOCITY JD01LC
lFOfIlE IS ASSUMED TO PE tU,EIlCY JEJELHJEC AT TH[ PilSITID:I·~HERE TOOOIF
HEAlING STARTS) 00011"

IT YP=tCE!\ TRALS l Bel- ,,", NNEl S '\n c =hJl RAl 0 AF T lJ F 'tU~ LL S UßC HA IJ'10 ),;] l t:~

ITYP=2 W~lL P~RT OF WALL S,nCHi\.\j,\jElS 0001lJ
IIYP=3 CCRNER (l-e~NELS JJ1111

'):)0111
:.'(1CHll
'J:)011l
Cl10111
)))111

))1)111
JOD111
]:)()lll
ODeJlll
:Jon112
0)0112
)l' ')1 12
010112
(\ )')112
,.nOliZ
y) '1112
JJQ112
J)(J112
=!~I0112

JCJ1l3
C )0113
])0113
OOCH t3
"))0113
:,)()113
)00113
J DO 113
)1'1113
:='00113

C
C
C

c

c
c
c
C
C
C
C
C
C

c
c------- {NU IllNF lF (QllIf\ =C
C



C

c

0')01 4
)'YH lCt
:iJ'H 4
'))lJll

):)'111't
') JO 14
JJOll':i
J LH 15
nEH15
0)0115
))011'5
U'10115
8J0115
JOOllS
000115
)0,:n15
000116
)OO1l6
)JOllh

OFDOOl16
):)1.16
DJOl16
)(:0116

0»)116
0)0116
OJ0116
;:))\)117
)00117
OJ0117
000117
o)OU 7
JJ0117
YlO 11 7
000117
))0117
Cl]:nl?
I)'" Oll ~

OJ0118
0001 H
[:)011.8
J Q)lH

~J 1 Nf F C l L ~ ER. =)

~s * 4~ 2(7+4 1261~ l~J 0 52 3 RAS- •

IF(RAS .. Gl" Q.IJGOTO 5
TETA21=-O .. 103313*RAS*-C.S4SQ
GOlO 6

5 lETA2I=O .. Jl42-0.0784E57*FAS**C.~823
6 CONTINUE

I\jUl=NUl IN*Y'~L1
NUl=NU1*C.CJb7
AlFA1=NUl*KJ/DEI
TW1=TI+QA/I\LF/H
Tll=O ..
TETA2=O ..
IFINTYP{I).EQ.2 .AfW .. llYP.[Q.l .\'JJ. I.GE"NSI .ANO. I.lE. 521

*c All S I f'A l f\ 2 i TI, 1 W1 , T1 1 ~ NL 1 f TE T ~ 2 , T'1 EJ~ , T ß cl L )
IF( ITY? .. EQ .. 1 )RETURN 1

IF«(RI.GT. D.OlIGOTJ 7
YTE2=31 .1,)5*Gg I
GOTt] 9

7 [fIGRI.CE. O.025IGOTC E
YTE2=15.59~36*GRI**C.E~OI383

GOTO 9
8 YTE2=1./IC.982S3+0.0CC12~822/GRI**2.2424211

IF(YTE2 .. GT .. IIYTE2=1 ..

GRI GT. ) .. 025 GOTO _
ß=-O 19327+ 2 747 GRI**C.148ZE
GOTn

3 9=-O.OC13316+0.COC02771BI/GkI**1.762S5
IfIB .. LT o. '1=0.

4 YNUl={RAS/O .. JCC62J**g

2
c
C------- NU 1= U
C

C
C-------CAlCUU\TIUiS ONlY fCR HE CCP,'JcR ChA';:'JELS A~JJ THE riAll PAP,TS
c--------lHE hAll SLKCHANNELS IIF 1()Lri'~Ek =) )

c
c------- {TElA 2lINf
C

C
C-------- YTE2=(TETA 2J/(TET~ 2II~F

C

c
c------- (NU 2JINF
C

c
c-------- YNU2=(NU 21/INU 2) INF
C

c-------- (ASE Cf HEATED LI~ER { FCR CCRNE~ CHANNClS ANO WALL PART DF
c-------- WAll S'JSCHA!\NEL51 : (NU 2)!'\'\J) nET\ 11 IF (Q)RJD =')

C

IflGRI .. GT .. J.C03IGOTO 11

NU2IN=4.l54*EXPCO.124t*RßSJ

TETf\2=O.
I f- ( QA.. GT .. 1 .. [- 0 6 ) TETA 2= ( Tl JrH P, { I I y .~ 1- TI) '~K I j( QA*UE U

9 TETA2P=TETA2I*YTE2 J)0118
TL I NER ( I I , ~ ) =T ET A:' P'~ CA'* CE II KI + T I 0 J Cl 1 1 .~.

TEIA2=lE1A2P jJOl18
IF ( I .. G t .. '" SI .. AN C.. I .. l E .. N~ 2 I ( 1\ l L S PI Li~ t ( rE, TI , T wt , TL Ii\l ER ( I I , f\j) , 'W I , J G} 1 I 2

* lETA2,I,M,TA[':)R,TeEQL,III 0)0112
IHILINERUI ,~~)..LT..TE)TLlf\ER(II,M)=rE )0011"
IFIABS(QAlP~I.. l[ .. I.;::-U .CP... IULI J.. C'J •.?IRETJRI'J 1 ):":<)11S

J)')ll;
THCJ101l c

OJ.j11(
JOOl1;
orj n11 ':;
C)FHt':~

0)011<;
n011e;
)U J12C
J)012,~

))012:'"'
ü{)01Z r
') J 012]
:))012J

c



c

S I '1 LA,: ( T r, TL IN EF { I I t ~-11 • HH • I\lU 2

CASE [] F h EA1E C LI iJ ER ANi) RGI) ( C CHNEReH A JNEL S\ !J W
THE WALL SLßCl-MnJELS l

( Ei A 1

NU2=NU2/(1.·~A/QAlI~*TETt\2*N~2J

ALFt\2=NU2*K UD;:I
Tl I NE R ( I I, '1 ) = T 1+ Q Al I f\; I n f ~ 2
IF(CA.LE.l.~-C6)R[TU~~ 1

TE 1=TETtI.2i-'/RAS
TW =TETA *QALIN*OEI/KltT
6.l FA 2 = NU 2 *1< II 0 E I
TLINfR(II,MJ=T(+QALIN/AlFß2
IFII.GE.NSl .AND. I.LE.NS2ICALl

* TETb1,T8ECl,TPCCPI
If lTw1.LE .. TE)Ti\I=TE
TETA1=(1~1-TII*KI/(QAlIN*DEII

N 2= • E6 IGRI**O~?33

GOlD 2
NU2= +0.060344 GR * C 5Ct*EXP -49 *GR

2 NU2=i~U2 YN 2
U2=NU2 0.961

c

c

c--------
c

()

!JO
00

:JJO 2
J) 12

JO 2
JJOl21

:)1)12
000121
JOJ1~1

:JJ0121
000121
)80122
000122
::»0122

l 800122
:)JOI22
OJ01 J..2
OJ0122
000122
0001'U
:nOl ~2

:))0123
NUl=NU1/IL.+CAlIN/Cß*TETtl.~Ul) )00123
ALFAl=~L1*KI/OEI )):)123
TWl=TI+QAIAlFAl :))0123
RETURN 1 ~JD123

END ))012~

C )00123
C 000123
C JJ0123
C OJ0123
SUßROUTINE T~(F{I,NI,TT,T(T~,MAVII 0)0123

[--------------------------- -------------.--.--.------------ --- ---- - ------- J) 0 12 3
C TMCF FVAlUATES THE AVERAGE CRCSS-FlOW T[~PERATUkES rJk T~E JJ0123
C CRCSS-FlCW EXCf-'IlI\GE EUI'1EEN Cf-'Af\N[LS 000123
C JJ0124

REAL M~V,~AV[,MAVJ )00124
C[MMON/[JI/~[R(42),~IS(4~,31/Mr05/TI42)!MOBA/JP(421!MJ36/~hV(421000124

1 IGEOO!ACrl(3J/IN~3/~1~~142)/~ENZ/~1421 000124
2 HEA6/NPINI421.JPH,(42,31/GYIAR/Cxx 000t24
1T=0. 000124
TClM~O. 000124
JD 2 M=1,NI 000124
J=I\lSI I .~) 800124
NTYPJ=Nl~PIJJ ))0124
MAVJ=MAVIJI*ACHI NTYPJJ/ßIJI 000125
CXX=O.5 000125
I f I PH YP ( I ) t-I\P I N( I ) • EC • 4 I .. 0 k • ( f\ r y P ( J J + f\ P I NIJ ) • [ Q~ 4) I CXX= 1 " J ) 0 125
CAll CFl(TII).TIJI.'1Il.\lI, i'AAVJ, JOIII,DPIJI.2,TT,TOPH ')00125

2 CONTINUE J00125
CXX=l. )00125
Tl =TT/TCTM 000125
RETURN )10125
END OJ012S
C J00125
C 000125
C J00125
C 000125
FUNCTI']f\ U.Il.II,NI,ACHI,IIJt\VI OJ0125

C-----------------------------------------------------------------------JJ0126
C UA EVALLATES T~E AVERAGE CRCSS-FLO~ VELOCITIES FOR THE CROSS-FlOW JOJ126
C EXCHA~GE 8ET~EEN Cf-'A~~ElS OOOll6
C )00126

C
(--------GENERAL
(--------PART OF
C



c
C

C

ON /f\JE R 42 r" I S 42 3 '::> ) MT32 U 42~ L.

GEDO ACH 3 INL-; 1\ p " N3 F A 42 F P
') Il-EA6If\PI 11 2 JP 1\. 42 'J Ai{/C X XL .."

=0.
J\A·=O.
}\ChN=ACHI"'F1AT IP( I)
UO 2 M=l."lI
J=f'\I SU 1'J

f'IT DJ=NIVP(J
1\ C H J= /\ eh ( f\ T YF J I " F 1 HIP J)
CX)(=O.5
[ f ( (N TYP ( I I + NP I f\ ( ( l • E(; .4 I • r] R. ( rJTYi) ( J I ~ "I P I !'J ( J ) • [Q. 4) C XX::: •
C;\L l CF 1 ( U( I I • J {J I • AC H\ • ,A, CHJ. CP ( l ) • ) P (J • I U-W. dU ,'\A )

2 CCNTINUE
CXX=!.
UA=LU/AA
RETUR~J

::;I\)O
c
C
c
c

12
) 012
0))1 6
(iJO 26

0012
JOO 26
CJ 0 2
).)0 27
0)0 J

;:)00127
00012 7

JQ!)127
:'00127
J210l27
J00127
JJ'JU7
)00128
n012:3
OOOl~8

0:)0128
~)OI2:3

)JJP3
00'1000
) 0 '1O)Q
)lJI}) )0

JOODOn
S UeROU TIN [ TOT GE C ( f\J S EL , C • C • Z • P I G.\J EX CC J , in UiJ S. YJ. vi A f ZA. '='~ 1 f PER LT, 'lO Dn J J

,'l.RTIPI OClOOOO
C----- ---- ------- -_._-- - --- -- - - - - ---- ------"-------------------------- -- -- [')0000
C TDTGEC CALCULATES flOh ~f.iE.öS • E,J.lIV,\LC'H CIAt4ETERS AtW JT,H::R Q)CJJ()J
C GECYETRIC CATA FD~ T~E h~CLE BUNJLE FLOw SECTION , rn~ THE JOaOOa
C C~ANNELS ANJ FOR THE SL2C~A~NELS 001000
C JüJOJJ
C VER S rC~1 FOR f--F XAGCI\Al 3U\JJLE S Cl )(>000
C .. oe - -e ••••• _.............................. •• JJ')nc)o

2:)

21

22
C

24
23

C("1 ~ON I ( F0 0 I ACH I 3 ) I L A 1'1 I t\ 2 / rAT I P ( 3) ,F nT I ,) (l I I QPAR 3 I P t:: RL (3 I
1 IGEC?/ATCT,DETOT.ASEC/GEC5/ATC,JETC,ATW,DETW.ATA,JETA.AAC,
2 AAW,AAA/~AKAO/CC.k[.ZU,ZWCC,AJJ2,?wWC/GASD3/FSYM~

SQ3=SQK T(3. I
,{=ZtO*O.5
viA=W
IA=1
[XCC!'j=NEXCO"J
RCDS=NRCCS
E~'12=C* a. 5-l::~1
Zh(=EMZ/SB
DTIP=RTlP*2.
SIO[=EX((N*C+(2.*w-Jl/S0~

~PER=RCOS*PIG*D

PERLT=6.*SIOE+EXCCN*I-12.*EM2+74.*l~CI

ATCT=3 •• SQ3/2.*SICE**2-PPER*C/4.-~.*E~2*Z~C*EXC1~
DETOT=4.*AT01/IRPER+PEPLll
GOrOI20,21,22,24l.NSEl
ASEC=ATCT
GOTO 23
l\SEC=ArOT*O.5
GOTD 23
ASEC=A TOl /12.
EXT UJD [ [;~T G'\ F(j Q en H ~ ~ 'r \~ ,'4 [ L< Y S:':: C TI') N:; UJ S [L =4 I
GOlD 23
ASEC=ATCI/FSyHM
CCNTINUE
ATC=(C**2*SQ3-PIG*J**Z/2.'/4.
DETC=4.*ATC/(PIC*O/2.)
ATW=C*(~-D/2.)-C**2*PICIE.-E~2*Z~C

j) E 1W=4 .. *~ ir'J I I P I G'* C'" J • ~ .. 2 • *E111 + 4 • * ~ \~ C )

JJO[)Jl
00)001
}JOC\Ol
)000;)1
JOJ:)Ol
'inODl
))0001
(JOD!)l
lC)i)OOl
'JOO};)l
080002
1)1JO')2
)D0002
~)(l!J 02
0000 ')2
080002
))0002
JO ') [102
lCJOCH)2
)[))002
Cl J J003
O)O:IO~

)[1)0,)::'

))OQr)J

JJOnY3
J)0')03
'180003
)[10003
;)00001
J)JDD3
OJrl004



BLOCK GAlA
C------.-----.----------- - ---- --------------------------- - ---------- ---
C ßLOCK CAlA FOR THE 37-FCC RUNJlE
C OO.]'1Ji3

')(1) 'll) 8
Cl J Cl 'lo) 0,

,1') Ci 'j,) 'J
('00 ))3
::n n 'Fl.'j
)) 00')']

, J :)) Ja.
JO('')ClS
('OO')OJ
~) J 0)') 9
[1)])00

U'] \)')OC)

J 'Je")}')

O'JOJQ?
-h) '1 V)9

1'0))9
')('1') !)j

J Cl:" 1e')
J)OJ:';'j

!O')()1u
J:JO) U
0)0011

5
2 SC3-0**Z P 24.

o*p Gib + J 2 *? 5 l

C( 1'1 MON I CAT 11 .~ I 1 0 I ! C ~ l' 2 / eil 0 I/ [ ATli ! ~ lJ [ ST , 1\ 'J [ ENLJ I J ,\T 71 C'H S S I 2 )
1 / c.ö. fK "'I/ 0 LI 7 I .02 ( 7) I EX C,f\ 11 E1( 11 7 I , ::X 2 ( 7 I , EX3 ( 71 ! EX C) AT 1/
2 E )( 4 ( 7 l , E )( 5 I 7 J • EX t ( 7 ) I cl I C/l T! .. ~ I K( 3 I I '3 I tJ !\ 111PIE ( 1 I1 ß I D[ 1 I 3! ) [
3 Il A~ I 1\ KlEK APP t.J ( 7 • 3 JIl .'\'" I!\ <:; ! I 3 r [ ? ( f t 2 • 3 1 I CJ r) JaIre [J\jl/'1 f\ '{ T 2 I
4 N SI. '\I S2 I WAKA 11 I K1\ H'\ / CV Q EI- / v:: \J ') U I ,,'i, CVRt 3 I 1 LA '1 FJ fd /\ rJ,~ LA '"1
5 IGRAV/IGRAV/S[NlAN/ISI~Pl/~XAVT~/[EXAV

6 ISUBDI/IJIVl.!DI~2/ICISPA/I0ISPl/IOI5?3/IDISP2

7 IrE A61 NP IN {42 I ,J PI f\ (4 2, 3 ) I I NO 3/··~ TYP I 'i 2 11 I J 11 ;'] [R {4;:: I ,
8 N I S (42, 3 ) I GA SOLI!' S TC TI GAS C2/ L~'V i> AI (42, 3) IG ASO 3/FSY',\..,
9 IGAS84/ICAS/M'i,R15/!'STR/ISLP/IJlIN/ISMC/CCTh

CCMMON/CAAGI/FCCPWl(3)/GAAGT/fCCOjT
1 IIS~Ol/ITECC/ENE(P/l[NE/MIX~l/CY

DAlA A/4 ..45,C.24,lQ.3,C.7,O.44,O.J6.04001,l.053,Z*1.J11
oAT A ß /4 .9 , 7 • 4 ~ 1 • 1 , 1 • , ( .4 • C• 0 1 f 0 .. , 5. Cl. (). 5, 2. 01
OATA NDEST,NDEENJ/IO.2/
OATA CNUSS/5.55,3.551
DAlA Dl,D2/7*3405C2E-C2,1*2.S5E-05/
OATA JPIN/l,2*Z,3 f Z'*E,2*S,1J.Z*2),21.22,23.28*O,2,8.3,9.21,9,21,

1 1 !) • 2 2 , C , 2 1 , 2 2 • ;:: ~ , 2 q * 'J , 3 , 2 * S , 1 ) , 2*2 1, 2 *22, 2l • 3:$':<:) /
CAT A NI 5/2* 3, 1,3, C,2, C,4, [ • 11 , 5, 7, <:) , 13, 29* 0, 6,2, 8, 11, 5 ~ J, " 13, (),

1 lO,11,12,31*C.4,2~O,7,12,9,2'*O,12,13,14,29*JI

CAlA NER/l,2,3,2*2,3*3,2.1,3*3,l,2S*OI

J J ü14
10(1)
):::' (1) 0

AA=AT ~O.5 110004
AChllJ=ATC 000J4

CHIZ=AT~))J014
ACH 3 =,!llA 00004
PERL 1 =0. )OC,flJ4
PERL(2J=4 *AJ ICEl -C.~*PIG 0 1~JQ05

PERL 3J=4.*ATA/CETA-PIC*CJt. 181005
F AT I PlI ) = I C>\;: *2*SQ]- ;J I G>l C1 r P X< * 2*C• ') ) *:j,. 2 5 '1) 0) 15
FOT I P «1 =4. "" F /I. 1 I P ! 1 I I FI ( *0 • '5 *[; TI f' I 10 Er C ') Jel) ,) 5
FATIPlll=FATIP(U/ATC !JO( )')5

FATIP«ZI=C*(W-DTIP*~.5J-CIIP**2*;JIG*D.1'5-E~2*ZhC o~n105

FDTIP(21=4.*FATIPI2J/IFIG*CT[P*C.5+2.*l~1+4.~Z~CI/JETW OJOJJ5
FATIPI21=FATIPI21/AT~ 0000J5
FAIIPI31=(W-CTIP'*O.51**2/SC3-DTIP:""'2*PIG/24.j('D,)1S
FDTIPI3J=4.*FATI P I31/ICTIP*PIGlt •• IW-JTIP*O.51*Z./SJ31 I)[TI\ 0210)5
fATIPI3J=FATIP{3J/ATA JOJ00f
CD=C 10 TI P :Yj 'J Y)(::
,~j)=W/OT IP -))0(1)6
lC=lIDTIP ~)nn06

l~CC=ZWC/DT[P ))1006

A~C2=AA~*FATIP(21/CTIP*~2 000006
PWWD=4 .. *AAW'* FA TI P I 2 I I ( 0 E1'vI *F D1 I P I 2 I "< J TI 'J ) :J J 00') c..
WRITEI6,lJATOT.DETCT,AS[C )C0006
WR[TE(6,3IATC,AT~.ATA.[[TC.DETw,JCTA onono~

1 FCRMATIIII 5X,'TC1AL FL(~ ~REA=',Fl).2,1X,'~QC~'/5X.'TOT~L[QJ[VAL)Jon0~

1ENTel AMEr ER= , , Fl O4O 1 , D, 'C M• I 5 X, ' FL(j WAR CA fl F SEC TI ml=' ,F 1 ) • 2 ,1 X, • :J) ;) 0 '1 7
*SCCM'/l a~QOQ7

3 FO~MAT(5X,'FlCW AREAS CF C~A~~El5:'/5X, 'CENT~AL=' ,F1J.2/5X,'WALL))OOOl
*=$,FI0402/5X,'CCRN~R='.FIC.2115X.'EQJ[V~LENTCIAMEIERSI/5X,'CE~TRAL800n07

*= , , F 10. 11 5X • ' yJ Al L=• , F 1 C • 1/5 X. ' C [/"{.\j ER =. ,F 1) • 11/ //1 "30! I ~, , )IJ'J n.') () 7
RETURN )OlJ07
END )00007

D~)on')7

:))(i),}7

C' 0 1'1:1 '\ 7
') J Cl') ,) .,
JCll)))7

(\:J 1)') 0 7
0')'1)07

c
C
C
C
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.............................................................................. :))8J13

1

:::,[,[1013
::;lOC1l3

2E*C

A
A

TA
/\

ATI\
ATA

J TA
DA A

AT A
oAT A

AL"-
TA

DATA
o TA
CATi'I
GAlA

VERSION FOR IHC EXAG(~AL PUNCLES

=1 )00 J
:::"YiO 1
JO;) 10
( JYH::;

P pp 9"'1.,,1 53:71. O.. 5?28'l<J.?q'~1.,O.?3*1.,29*'J.,i*1 •• 33':')'/J')!)Jl
EXI EX2 EX3 7*16.67E-)6 7*C.J033[-J6 7*0.1 JJOOl
E ,EX5 E 6 7*16.f7E-06 7.8 0033E-J6 7~O.1 )000
B K -1 2,8. ~JO 11
R E 0 ,1 2~~O •• 1 .. ,- 2.0. ))) 11

BIDEl JOOil11
AKftP 121*1. ))0011

3TIPI 26*21 10011
NS NS2/C,CI '10011
FCCNJ/l.1 J)(1) 1
A~(LAM/l.1 OOCJ1t
AC S,AC\iR/5.14,8Z P •• O.5,8.R2,7(J1 .. ,J.51 ))I"1J11
IKAPDA, IGPAV, 1S IIVFl, lEXA\i/I, 0.2*11 JJon12
CI\il. ICIV2,IJfSP1, IDISP2/4*l/ JJOC-'l2
QUi\J, rTt=C[,IC:NE/~*l/ )0.')012

CCT~/O./ ~JO~12

FCOPwl,FCOPWT/l •• 1.C2A,0.~72,1.JJ9/ JJ0012
DAl C 11./ 1)0012

(00)12

JYlJ12
)1.')012
(''))012

C!,jO:l12
FUNCT C~ OSPDPFIEPS,DE.LAM8CA,~so,DGOP,RE,IIYPJ 1J0012
----------------- ----- ----- --------.--------------- ------------------::JJ D0 12
DSPDPF EVQLUATES ThE FfC1Ck TAKI~~ THE lARGER DISTRIßJTEO ~KESSJR~J)J012

LOSSES It-, THE SPACER IIITC ACCCLNT OJ1013

C
C
c
c

c
c
c
c
c
(

............... Ci -e" OC'fl]13

........................ ,. 41 .. lll. Cl -fII e ;~O·JClt,

c
C
C

c

ce NDN/I~OSMC/IPH/(VRE~/ßC~SI31,ACVRIJI

REH lA~80A

RE=ABS(REI
PROV=-GRIFU~IEPSI

r F IR H.. EQ .. 1 I Ge TC 1:))

CVk=ACVR(1)+~CVRI2J/PE~*bCVkI31

DSPOPF=PROV+(VK *O.5*EFS*~2

RETURN

CI') f) Cl 13
JG001::
0:])·)11

))0)13
)).')013

)JJ:]l!.t
)OJ J!'i
ClüH4
'J Ci) el14
(, =' C'" t 4

F iJH SPA CER S I NJ\ X U, L SEC T IC '\ S h rT ii 5'1 'J lJ T H R:::: es

CCNTINUE
C \I S",AC \I SIll +AC Iv S( 2) IR H '" ß U SI .~ I
DSPDPr=p~Ov+CvS *O.5*EPS**2
HEl URf'l
END

laD
C

c

c
c
C

J) ~1Jl4

JJO'JUi
Ci J .'),)14

J )(1114
)}U015
=<)]015
)J .) () 1 '::
:1)0015
1)0.')15
))(I(J15

J)201.5
SUBROUTINE HEATIII\jSTCT~Nsn,NsCL.'JKC....,.\. IP.~J »)0015

(----------------------------- --.-------------.------------------------- YJ)O 15
C hEAn EVAlUt\TES H-E HAT FlUXcS (>~(JS,IJ FOi' TYl RDr)S /,\UJt.ceJT Ti) )~'))l')

C [ J\ ( H (H M\ NEL N SAN 0 TI- t leTAL FL J X[ .:;,;) T ( i\j S) E~J T[ R I,\J G f /\ Ci { J J 01 15
C C H4 Nr'J EL NS • h EAT I I DE~ T I F 1ES~ LS 1 TH[ Cc: i\J NECT I (j NS L3 EHI EE'1 TI j [ ~ ) ') ,l 1 ";
C SUBCHANNElS I ANC T~E t[JtCENT P~JS ~y ~EANS or THE ~ATRIX JPr~ JD0015
C «N P H J 1 i\ S)= f\ R.. C f SUR ( H .. I;\j eH. JS = i\ I:?,. 0 F P Hi S A) J. TLI eH. "~i S) :' ') r\ 0 1 'J
C 0J0016



c
c

c

(

(

c

- 1,)~

VERSICN FCR ~EXAG[NAL ßUNDLCS

c( ~ f10N I If\ 0 1 N l~ n 1,-, ( 4 2 I ,f\ U' 5 (42 I /1- E" 21 QI 3 t 1 Q I ,) 0 I H[ A3/) H 4 n
1 I~E451 QCC42,31/~E~L/NPI~14 I ,JPINI42p3)/HEA7/IDPI~(3,18)
2 I I N04/ NUWH 41 ,N U1'16 { 4 I ,NU ~~ 1 2 41 ,fM 1 J1 ( 4 1, :m"124 ! 41 , ~lJ''' 3 .J! 4 I ,
3 NUM36141/hEAIO/QSChI42.3J/H A1/~QJI371/IND3/NTYP{421

4 IGASD2/RAPPAII42,?1

IFINSFl.EQ.4IGGTO Ion
(ALL HEßTRINRCMAI

NAN::1
NBN=-NRef'JA
NI\=l-NRCM!l
00 15 NS=1,NSTDT
NUM=t'WM S INS I
;\Jh(=NROIAINSI
IFINS.Gl.NSTRIGClO 12

(ENTRAl CHANNELS ANO Sl2ChßNNELS
IfINUM.GT.NUM6CNRCJIGCIC 1
f\AM=NUM
N1=0
N2::Q
GOTO 6

1 IFINJM.Gl.f\lUM12INRCJ leeTC 2
NA~=NC~-~UM6(NRCJ

Nl=NRC
~12=N 1-1
GOTO 6

2 IF(f\lJM.GT .. t~UMl'l(f\RiJIIC[H "3
NA~=~UM-NUM12(NROJ

;'H=2*NRC
N2=1\1-2
GOlD 6

1 IFtNUM .. GT.NUM241f\ROJ ICCTC ~

NA~=NUM-I\UMI81~qOI

N1=3*NRC
N2::"il- 3
GOTO 6

4 IF-(NUM.GT.Nu,'''3\)(~R'J)JCC1C 5
NA~=I\UM-f\UM24{NRCJ

'J 1=4*NR C
N2=N1-4
GOTe 6

5 \A~=NUM-f\U~30(NFCI

'\j 1= 5*/': RC
N2::NI-5

6 IFINAM.EQ. NAM/2*2 IGC1C A
NUR=(NAM+11/2+Nl
Q1=CINRC,NUHJ
JPIN(NS, 1J=lLJPHd NF [,NlP,)
IfINUR.[Q.6*NROJ NUR=C
Q2=C(NRC,r-..URHJ
J P I N( NSd J= [ 0 P I f\ ( r" r~ c , t\ l R.. 1 I
IFINRO.EQ.1IGOTO 7
NUR=(NA~+11/2+N2

IF(NUR .. EQ .. 6*NRC-5 I HP=1
Q3 = c; ( 1\1 R0- 1 , NUR I
JPIN(NS,21=IJP[NI~RO-1,r-..lRI

GOTD 9
7 03=QO

JPIN(NS,2)=1
GOTe 9

;1 NUR=tJAto/2+NZ
'Jl=Q( NRC-1, iWK I

:')0016

0)0016
00J016
OJ(I016
)80016
);))16

lO 00 1t:
)0)16
))(J'') 1 1
')00017
JOO)17
C),)OOll
000017
))0011
))OH 7
00;)017
)JOOI7
)(1) »1 7
J (j 0:)1 e
:,J001il
)J0018
O:)OOU~

))0')18

000018
000')18
)00018
)OU019
:))0018
') ))0 1 g

J80Jt'J
)00 1119
O')(J019
(,)0019
J)0019
)0)19

000019
000019
)')081"
n00020
JO(02)
Ci J002')
000020
),)0)20
)')OJ2)
0000?0
J')O 'n0
»)0020
)[1020
)0021
);)0021
J~0()?l

D~JO Cln
Oi'0flZ1
OJ0021
C)(ID021
J (, J021
)00021
OU)121
):"0022
::;c)on22
'JO0022
:'C1 üCJ2?
)),121

000022
)}fJ()22



c
c

P N N -= ePI NR8- ~LR

IF NUR EQ.6*NRC- LR=C
Q2-=~ NRC-l,NUR I

P N NS 3 =ICPIN(~RO-I,~lR+ll

NUR= N~~+2 /2+Nl
,;)3=C f\J RC NUR)

P NINS ZI=IDPIN NRC,~LRJ

9 CCNTINUE
ce NS 11=Cl
:Je: NS 2)=Q3
(~, NS 31=QZ
IFINSEl.EQ.3 .AND. NU~ EC.Nnn GCTJ 10
flP I f\J iJ S J -= 3
GOTe 11

10 Q2=O ..
Q3=Q3 2.
NPIN(NSI=2

11 QTINSJ=ICl+Q2+J31/6.
() SCtH N S , 11 =')1 /6.
QSC H NS, 2 I= i) 31 6 •
QSOHNS.31=Q2/6.
GeT 0 15

OO() f1 22
0:"0)22
0)OD22
DO()023
))0023
800023
)(':]23

)00023
U'W023
J)0023
)0023
[iC'()()23
)'J 0 02::',
00')02'"
)00024

000C)24
)80024
000024
J )')024
o orl024
:' J 00 24
::>00024
000124
)00025

12 IFINUM.lT.NANIGCTC 14 )0J025
C 000025
C CCRNER (~A~N[LS JJ0025

NN=NN+NR(~A 0)0025
NA~=NAN+NRU 000025
I~ßI\=NßN+NRO ))0025
NFININSJ=l 1000?5
CCCNS,ll=C(NR(~A,NN) )00025
JPIN(NS.ll=I8PININR[~A.NI\) )D0025
IFlNSEl.EQ.3IGOTO 13 1000'6
I F ( (N S EL " UJ • 2 .. ~ Nu.. NU 0' • [i~ • 1 J .. eR. (:'J S[; L '" E'1 • 2 .1\ ND. ffJ'-\. El) .. N 1'''1 1:]( 1'4 RJ [) 0 0026

*}) )Gor'] 11 100026
QTINSJ=C'NROMA,NNI/6. 000026
GOTe 29 000020

13 JTINSI-=CINRCMA,NNI/12. JJ1026
29 QSCHINS,lJ=QTINS) 000026

Gorn 15 )00026
C ))0026
C WALL CHANNELS AND SUBC~ANNELS D00026

14 NUR=NU~-NRN+NN-l 010027
Ql=CCNRCMA,NURJ 0)0021
JPININS,ll=ICPININR(~t,NLPI 000021
IFINS .. EC .. NSTOT .. A"lD. f\5El.[J.l) NUk=.) C1Jn027
~2=C(NR(MA,NUR+IJ 100027
JPIN'NS,21=ICPI~INRC~A,NlR+11 0)0027
/)QlNS,II=)l ))0127

QC(NS.21=Q2 JO)027
H(NSEL.E'.3 .ANC. ·WP.Ec..(·~R(J/2+11 ."INJ. 'H<O.hJ."lR.J/Z*ZIGJHl 30 OJ')027
NPIN{NSj=Z 0)0027
Gcre 31 oe0028

30 Q2=0. 010028
~JP!NINSI=l ))0028

31 CCNTINUE 000028
QTINS)=IQl+Q21/4. ))0028
~SCHINS,l)=Q1*O.25 )lOJ23
QSCHIN5,21=J2*O.2S ~00028

15 CCNTINUE 000023
C AOOEO Ar GAINSEl=4) 000028

GCTD 104 000028
100 CCNTINUE 0:),)02')

DO 103 ~S=l,NSTCT 000029
NP=NP[NC~SI QQ002g
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eH NS "" C
DU 02 1'/= 1 ~JP

J P I f\N M= J P N S r-t
QG(NS,~)=QQQ JPI~NMI

IFINIYPINS .EQ.2ICCTC 181
QSChINS,M =QQINS,M)/6.*RtPp~I(NS,~)

GOT ( 102
QSCH(NS,MI=QQI~S, 1*0.25
QTINSl"",TINS)+QSCH{NS,NI
CCNTINUE
CCl\TINUE
IFIIPA.NE.IPA/2*2JRETLF~

WRITEI6,l61
16 FCRMATtJII15X,'RCSUlTS

00 19 NS=l,~,jSTCT

Np= NP IN« NS I
WRITE «6 , 181 NS, «M, NS, '" , JP I!'. INS , ~ I , '1= 1, r~p )

18 FCRMAlI2X,I10,3{3X.I1,') JPIl\(' ,15,',',12,' )=',15)1
19 CCNTINUE

RETURN
END

101
102
103
104

C
C
C
C

000029
000029
))0029
)J0029
J'J'102C,
J ') 0 Q 2')
(, J Cl ';2J
))00"0
))003]
Q,)'J:) 3 (:
00D031
0)OU30
; )1)0]:)

0)003)
J')()OCl,J

CF I-EAT~'//118X~ICHAWlEl·,J{21,<,'RC1J·,2X)IlJ())OYl

)')00'3')

))0031
:J00031
Ci ) (JBl
()~)031

0(11)')31
JOO:)31
:)~; '}() 2, 1
000031
;}00031
:) )0'"]3 t

SU8ROUT[~E INJEXI~SEL,~FCMA,NSrR,NSTOT,NRO) 000031
C--------------------------------------------------'-------------------J J 0031
C INDEX PFCVIOES INCICES TC HE CHAN"l[LS)OOOH
C 000031
C VEKS I (N F 0 R H Xt GC1\ Al 9J NJ l cS :J :J J () 3 2
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• eJ))J32

c
c

C[MMON/INDI/NRC~142J ,NLMSI421/IND2/NOTI4,301/IN03/NTYPI42J/IND41 000032
1 NU M31 4 J , f\ Wvl6 (4 J , 1\ Lt' 12 (4 I , f\ UH B( 4 I • NU 1" 24 ( 4 I , NU '13 ') ('-j-) , :'LP'13 6 ( 41 0)1') () 32

IfINSEl.EQ.4)GOTO 100 0))037
NS=1 on0032
DO 6 NRC=1,NRC~A })O~32

NUM3INRC»=NRO 000032
NUM6 HJ RC» =2* NR 0-1 D:' 0 1)32
NUM12(N~O)=2*NUM~IN~Q) 000032
NUM18(NfC)=3*~U~6(NRC) 000033
NUM24(NRO)=4*~LM6(NRC) ~Jon33

NUM30INRC)=5*NUM6INPC) 000033
~UM36(NFCI=6*NUM6(~QC) J00033
IFINSEl-2)1,2,l JJOJ31

1 NUMSP=NUM36INROJ 000033
GOT04 000133

2 iUMSP=NLM18INRC) O~J133

Gor 04 )J D033
3 ~UMSP=NLM3INROJ J)J133
4 CONTINUE ))OJ1~

OC 5 NU~=1,NUMSP 0~01j4

NUMSINSI=NUM 000034
NfiCW {NS J=NRll ))0')]4
NOT(NRO,~UMI=NS J00034
NTYP{NS)=1 000J34

S NS=NS+l 000034
6 CCNTINUE 'QJ034

NSIR=NS-l J)JJ34
NFC=NRCM~+1 001034
NUM3INRO)=NRO/2+1 008035
NUM6(NRC)=NRC+l )00035
NU~12(NFC)=NUM6INRO)tNFC DJ003S
~UM18(N~CI=NLM12(NP()+~F( 001035
NUM24(NROI=NUM18(NROl+~R( )0J)35



- 1
NUM30INFCJ:~UM24INRCI+~~(

~UM36(N~OI=NUM30INRGI.~~(MA

If(NSEl-217,ü,9
1 NLMSP=Nl~36INRCI

GOTC 10
R NUMSP=~UMI8(NROJ

GOlD 10
9 iUMSP=~UM3(NROJ

10 NAN-=l
DO 13 NU~=l,NUMSP

IFINUM.EC.NANICCTC 11
[HYP(NSI=2
GOTO 12

11 f'HVP {N S 1=3
tJAt\=NAf\+NRO

12 NUMS(NSI·=NUM
NPmd NS )-=NRU
NUTINRO,NUMI=NS

13 NS=NS+l
NSTOT=NS-l
AODED Al GAINSEl=41

100 IF(NSEl.EC.4)~R[=NR(MA+l

WRITEI6,14lNRC,NSEl,NS1R,I\STCT
14 FORMAT( 114X,'RESUL1S Cf INCEX'I/5X,IfWOWS=td2,5X,'TYPE

*ON=',Il.5X,'NR. CF CEN1RßL CHMH\ElS=',f4,5X,'TCTAL 'HJ'1i3Cf--;
>'<ElS=t,I4/1J
(All CCf\f\IJ(NSTR,NST(T,NR(~A,~SELJ

RETURN
;.: ND

c

C
C
C
C

:))'J035
080035
OJ0035
00J)35
000035
Cl OOD36
J00036
i)');J036
Y)')036
,)00036
D00036
0)0::'1'6
OJ0036
:::0()0)36
JO)016
J00037
DJOn37
Cl)0037
:)0037
QJ JO '3 7
0)0037
080037
J)();J37

'JF '")[CTIOJ0031
JF CH,'HIW<)0037

D') 013'3
000033
U00033
00003>3
YJ0018
('00033
000038
)00038

SUBROUT If\E CCNI\ IJ (NSTR ,NSTCT, NRC1', "jSi::l l 000033
C-:------------------·--·------ -- -- ------------------------------------ - -- ) ) 0138
C CCNNIJ EVALUATES FGR E'C~ ChANNEL I THE NU~3ER NER(I) QF 1JOU3H
C INTERACTICI\JS loIITh OTrER (~ANNELS J AT] i~HI(H CHAN;~ElS INH>U~CT 00")032
C WITH I. J00038
C 00003R

C ( MMOf\! I I l\ 0 11 NR(1 VI ( 42 I , l\ U t-.1 S ( 4 2 l I I f\ J 2! NCl r ( IH 3 ') l II Nü 3/N T Y;:> ( 4n J 0 )}j 9
1 /IND4/NUM3(4),l\UM6(4),NUM12{~),NU~la(4l,N0M24(4l,NJ~3J(4), 80003Q
2 NU~36(4)/IJI/NER(42),NIS(42,3l 010039

IF(l\SEl.EC.4lGOTC 99 OJ003Q
NAN:NROMA+2 JOJ03Q
NBN=l 000031
NC N=-1 )::J :1039
DO 43 NS=l,NSTOT 100039
i~RC=NROI-lWS) )00039
"lUM=NUMSlNSl r)()OYJ
NUMA3=NLM3lNROl 00004J
NUMA6=l\UMflNROI ~10040

NUMA12=~UM12lNROI U00040
~UMA18=~U~lS(NRCl 000042
NUMA24=l\U~24(NRCI )n1040
~UMA30=l\U~3J(NRC) OJ0040
NUMA36=l\UM36(NRCl OJ004 r

IfINS.GT.NSTRJGOTO 29 00004C
If{NUM.GT.IlGOTC 5 ~00040

IF(NS~L-211,2,4 0}0040
1 NEPlNS)=3 000041

NIS(NS,3)=l\OTlNRC,NL~A?t) 0)1041
GOTO 3 J))u41

2 NERlNS)~2 ooon41
3 NISlNS,I)=NS+l :)00041

GOTO 13 )~1041

4 IF(NRO.GT.1 )GOTD 2 ))0041



57 -
NEk< (l -= 1
NISIl,1)·=3
GOlD 43

5 If{NSEl-2)6,1,B
6 NUMSP=NLMA36

GOlD 9
1 \WM,SP=NUMII.13

GOrD 9
8WI-1 SP= f\ L M,\3
9 IF(NUM.EC.NUMSPIGOlO IC

NERINS'=]
NISINS,31-=NSt-1
GOTe 12

10 IF(NSEl.EQ.IIGCTO 11
NER H~S) =2
GOrD 12

11 NERINS'=3
NISINS,31=I\OTINPO,lJ

12 NISINS,I)=NS-I
13 IF(NUM.GT.NJM~6)GOTD 14

NAM-=NUM
GOTO 19

14 IFINUM.GT.NUMAI2IGCTC 15
NA~= f\U I\I-NW'" A6
GOTO 19

15 IFINUM.GT.NUMA1S,GDTC ]6
NAI"=NU"1-NU"'1A12
GOlD 19

16 IFINUM.GT.NUMA24'GOTO 17
NA~=NU~-I\U""'A18

GOTO 19
11 IF(NUM.GT.NUMA30JGOTC 18

NAIII= NU M-I\ UM A24
GOIO 19

18 NAM=f\UM-I\UM430
19 IF(NAM.EQ.(NAM/2*2')GC1C 21

11= 1
IFINRO.EQ.NPCM~JGOTO 2C
12= 1
13=0
GOTe 22

20 12=2
13= 1
GOTO 22

2111-=-1
12= 1
13=0

22 llFC1=NRCtll
If(NUM.GT.NU,'1A6IGOPJ 23
JUMA=(NLM+1l)/I2t-13

GOTU 28
23 IF(NUM.GT.NJMAi21GOTC 24

NLMA=(NUM+Il-~UMA61/12 +~LM6(~ROl}

GUTO 28
24 IF(~UM.GT.NUMA18)GOTC 25

NUMA=(~UM+ll-~UMAI2)/I2 +~UM121~~Jl)

GCTO 28
25 IF(~U~.GT.NUMA24IGOTC 26

~UMA=(NUMt-II-NUMA18}/I2 +NUMI8(NR011
GOTO 23

26 IF(NUM.Gl.NU~A30JGCTG 27
NUMA=(NUM+Il-NUMA241/I2 +NUM24(~R011

GOlD ?8
27 NUMA=(NLM+II-NUMA3Q)/I2 +NLM30INR011
28 NIS{NS,21=NOT(NRCl,NUMftJ

GOIC 43

OJ0041
000041
J10041
0) 0042
000042
ODOD42
000042
OJ0042
100042
000042
JJ0042
000042
0D0042
Je 0043
Cl00043
100043
W004?
)00043
008043
)}0043
000043
OJ0043
:)J0043
000044
) J0044
000044
000044
0000 /1'4
)00044
000044
'):)0044
000044
OOOO't4
0:)0045
000045
000045
000045
000045
OQn045
)00045
0)0045
aO)045
000045
)[1 :)046
~))0046

)0)046
,0:10046
0)0046
J)0046
000046
)0046
000046
))0046
)0 d04 7
0~0047

JD0047
800047
0)0047
DDorJ47
000047
')00')47
000047
0)0047
0:10043
000048
000048



Ci] NN EC Tc i) : ' , 3 15)

29 IF NU .GI.1IGOrO 32
F NSEl.EQ.1IGCTC 30

NERH'JSI=1
GOH1 31

3 \) NE f< ~l S ) = 2
:H S (fj S t 2 l =N:; TDT

31 NIS(NS,LJ=~S+l

(~OTO 43
32 IF{NSEl-2J33,34,4J
33 '~UMSP=I\Lf'JA36

GOHl 35
34 i~UMSP=f\j UM/HS
15 IFH-iW-1 .. EQ .. NIJ",SPlGCTO 37

~H SC NS , 11 = fl S+ 1
NI S n~ 5 t 2 ) =N 5-1
rf(l\U~.EC..~IANIG(TC 3t
NE R ( r'~ s)= 3
~UMA=(NUM-N3Nl$2+NCN

NIS{NS,3)=NOT(NRO-l,~L~A)

GOTO 43
36 NERINSI=2

NAN=NANt-NRO
Nt3l\=NElN+NRO
NCN=NC~+Z*NRCMß-l

GOTe 43
37 IFCNSEL .. EQ.IlGClO 33

NfReI\JSI=l
GOTO 1<J

38 i~ERP~SI=2

NIS(NS,21=~CTCNPO,lJ

3<J iH S ( NS ~ 1 J= NS- 1
Goro 43

40 IF(~UM .. EC.NUMA3)GOTO 41
~lER«NS) =3
NISINS,31=NS+l
GOTO 42

41IlERINSI=2
42'HS{NS, l)=NS-l

NU f-1.A = «NL M-1 I >'< 2 - 1
NI5INS,2l=NOTINRC-l,~L~A)

43 CCNTINUE
<;9 CONTI NUE

00 100 NS=l,NSTCT
NI=l\ER (NSI
WRI TE ( 6 t 200 I 1\ S t f\ 1 YP ( r-. S J , ( 1\ [ S ( f\ S , !V I , 1'1 = 1 , 1\ I I
F nRMAT ( 5 X, • N S=, , [2 t 5 X t • TYP E= • t I 1 t ') x, •eH" .~ NELS
COf\ TINUE
RETURN
END

200
100

c
C
C
C

))0043
OJ04ß

'D004R
)00043
)0 48
000,)48
00004'J
JOD049
YJOVt9
O!J 0049
'J (l0149
:))0049
OJ0049
):)0049
JJOJlt)
U00049
0)')149
C, JO\.) 50
0000') ')
JCJ()OSl
OU005:)
)JOOSO
0(1')1)5')

)00050
OlOOS)
0,)0)50
J JC05Q
:..l00051
0(10051
'JnOD51
000051
001')51
)1)0051
000051
0:JO'J5L
00r1051
J)C1151
000052
:nOD52
080052
')00052
000052
2100052
on0052
);)0052
OJ0052
J)0052
100'153
00)053
()00053
J00053
:)00053
080053

SUBROUTINE HEATR(~RCMAl ))0051
C---.------- -.------------- --- - --~-.--------.----------------- ----- -------:) 00 Cl 5 3
eHE tI T R P F< CVI DES IN eIe f S T( Tb E Re J Hf,H r l J XES ( Q( NF: U, f\JU"'1) I MW J :1 0 0) 5 3
CIDENTIFIES THE PINS BY ~EA~S CF THE ~~TRIX IDPIN 0))053
C )«0053
C EXIsrs CNlY I~ TH~ VE~SICN FOR HEXGGONAl ßUNJlES J)0053
C )[10053

CC~MON/~EAI/QC37lf~Et2/~~(3,181,Q)O/HEA7/IDPrNIJ,181

1=1
QQO=QCIJ
DC 2 NRC=L,NRCMA
'~R36=6,(cNPG

oe 1 NU/"=lt'~R.36

)0053
),)ClfJ5 tt

)0054
000054
J'\ CI) 54
JOJ')S4



59
:::; 1
UPI NRC NUM :=

;~(;; "Re, U~)=C(II

CNTINUE
RETURN
[ND

2

c

c
c

)) '54

JJ]D':l4
C' () ')4

='1 '.1
:')'1)54
Q<) G'] S ')
)onJ55
):lDJS5
(; 0J5S
))OCJ55

SUBROUTI~E INQUAINSEl.~Sl(l,NP(~ ,~TC,ATW,ATA,D[TC,JlTW,D[T4 Jon!J55
(--.---------------------------.--------.-----.-------------- ---- -------- J J 0 iJ 5 5
CINQUA Pf<CVI:JES INDICES TC CHAliNEL FL(W A;~EAS ,HlD EOUIV,\UJJT l)0'355
COlAMEr cPSAN 0 TC SLI H( ... n NEL f l C~4 RE\ S :) J 0.1 ") 5
C 001)55
C VER S I CN F CR 11- E E X A I:; ( NAl!) UND l E <; J 'J ) iJ 5 5
C •••••••••••• ~ ••••••••• G •••••••••••••••••••• @ •••••••••••••••••• ••• J))055

C( M MON I I t-. D11 NR0 ~ I 4 2 I ,N l f'J S (4 2 I Ir 1\0 3/1n yp ( 42 I I SU 131. lAS CH( 4~ y 3 ~'::: 0 () 5 ')
1 /GEN2IAI421/GE~5/QE(421 JUDOS")
2 I ...EA6/NPI~1421,JP!~{42,31/GASD2/RAPPA[142y3J OJ0056
11=0 OJ0056
KK=O 000156
00 10 NS=l,~STCT )JJ05~

~(NS)=O. 000056
NP=NPIN(NSI Ci)CJ56
IfINTYPINS)-2Jl,3,6 DJ0056

C***** CENT RAl CH /\N~~ El S A,\jO 5L pe H~ N1\ El S ~"** *** ****,~ **** ***""'** *' ,'c'.,: ****':'**180056
1 DEINSI=OETC D00056

IF(NSEL.EC.4IGCTC lJO 100U56
ASCHINS,ll=ATCI3. ))0057
I F« (N S El • E') • 3 I • 1\ 1\ C. I NF(\'i I 1\ SI. t: (~ .. f\ U~ S INS I ) ) Ge T0 2 ) J CJ U 5 7
A(NS)=ATC ))0057
ASCH{NS,Z)=ASChINS,11 010057
ASCHINS,3)=ASCHINS,lJ ))0057
GOTC 10 DJOü57

2 CCNTINUE 1J0057
AlNS)=A1C/2. OJ0057
ASCHlNS.2)=ATC/6. ))0057
GOTO 10 0)0051
AOOEO AT GA (NSEl:4) J)OJ53

100 CCNTINUE )j0158
D0 10 1 ~ =1 , NP ~j) 0 Fd
ASCH(N5,~I=ATC/3,,*R~PPtIIf\S,t~1 ()('Oi)5Q

101 A(NSI=A{NS)+ASCHINS,MI JJOl58
GOTD 10 000J5P

c***** WALL eH I\N NEl S Ä"J C SU [' (HANf", [L S:I.< ****~,,~ ~:,c* *;(c'<;~* ",>!<,;o;, **"~ ,">'< ,,* ~,c,<*,:,:(ob~«,) 0 053
3 DE(NS)=OETW )()c!")')f:'

MOCIfIECAT GA ))0053
oe 4 M=l,NP (,)oris;]

ASCH(NS,~)=AT~.C.5 )J0059
4 A(NS!=A{NSI+ASCH{NS,MI OJOO')Y

GCle 10 )00059
C~**** CC~NER CHANNELS ANO 5LBChA~f\ElS~*1*******************~**~*******JJ0051

6 OE(NS)=DETA JJ0059
IfINSEL.EQ.4)GCTC 5 Ol0059
IfINSEl.EQ.IIGGTO 7 ))005~

If(NSEL.EQ.J)GOTC q 00))59
I F ( I [ " E\,J. 0 .. OR" KK. EQ. 2) Ge TC 8 J J Cl 'l 59
KK=KK+l J0005J

7 CCNTINUE O~)060

A{NS)=AIA JlOJ6J
ASCH(NS,l)=A{NS) 000060
GCTO lO )n0060

8 11=1 2JJJuO
9 CONTINUE )0)060

A(NSI=A1A 12. 000060

C

c



I\SCI-d~JS,ll=A{NS}

ACCEO AT GA (NSEL=4J
GOlD 10

5 ASCH(NS,ll=ATA*RAPP4IINS,11
4(NS)=ASCI-(NS,11

10 CCNTINUE
RETU!HJ
END

C

c
c

c
C

0,)0060
J00061
;)0DU6J

000)61
loon61
))0)61
~JO!)61

000061
):),J061
)00:")61
JOO)61
) 00')61

SUBROUTINE I~GE(NRC~A,~S[l,NSTR,N5TOT,C,A,D,ATC.ATW,ATA,PIG,PCORk,000061

*CTU1,CTU2,OETC,CETW,EMll J~0061

C---------·-----------------------·--- - ----- ------------------ ------------J) 0061
C If\lGE EVAlUATES TH[ TUPEULEf\T ,1I1)<IIG CJtJSTAN1S CTURßII,JJ fil::: THE )')001)1
C THE CH41\NEl EXCH<\NG[S tf\C CTUR2UKI (k=l ,2) HJK IHC SJBCHAfllEL 800)61
C EXCHANGES. FURTI-ERMCRE INC[ EVHJHfS TrE CCf\STANTS ccmW( I,JI )00J62
C AND cceNetlKJ FCR TI-[ ENII-AlPY EXCHANGE DUC TO CONUUCTION I~ GAS D00062
C )J0J62
C VERSI(N FOR I-ExtGCNAljUNJLES J)0062
c - ü()(JJ62

C( MMO I'i I I ND1 / NR0 VI ( 4 2) ,I\L IV S ( 4 2 I I I i\ J 3/n y P ! 4 2 J I I J 11 NER [ 42 I ,NI S ( 4 2 ,3 I
1 /1 UR 11 CTUR EH 4 2 , ~ ) I ( EN 51 DL ( 42 I IG [0 0 / AC H (3 ) I TUR Z/C TIJR Cl ( 2 I
2 ICCNDO/FCCf\CICCf\'Cl/CCCNC (42, 31/CJ~02/CCOND1 (21
3 IGEN2/4REAI421
RE~l NGöPSC/t2)
GIMENSICN SUM(42)
',.JRIIE(6,lOll

1G1 F eR MAl (j 115 X, ' ,"1 1XIN ( (( EFf I CI [ N1 S (w [T H0 UT :J CO RR CiJ RR[ CTI (] \1 : ' I J
S,B=SQR T( 3.1
R=O*O.5
A2=A**2
A3= A*A 2
R2=R**2
?3=R*R2
APIN=PIG'*R2
EM2=C* o. 5-E'~ 1
HiC=[fI.l21 SJ3
ATW]=E'''12*ZWC
GAPl=C-C
GAP2=GAPl*O.5
GAP3=A-P
YBC==C*O.5/S:B
YR\.d=A-ZhC/3.
Xß~S3=C·O.5-EM2/3.

YßW={A**2*C*O.5-2./3.*F~-VEhJ~AT~31/~TW

XBwS=2.*(A*C**2*C.125-F?/~.-Xp~s3~Arw3*c.5}/AT~

XB~=15.J36.*A3-{A/SQ3-F/P1GJ*API~/6.}J(\2/SQ3-ArI~/6.J

YRA=XB<\*S'J3
DELTA1=2.*V9C
DfLTA2='rBC+YfW
DEL TA3=C
DElTA4=SQRT{(A-'r9k-YFAJ**2.IC~C.5+~/S]3-XBA}*~2J

RA1=1.+ßPIN/(Z.*ATCI
RA2=I.tAPIN/(AfC+AT~)

RA3=1.+APIN/12.*ATWI
RA4=1.+API~*2./(3.*(AT~+tlAII

ALFAW=AIAN(Yßh~2.IC)

APl==YRC*C*O.5-APIN/6.
AP2=Yß~*(*O.5-ALfA~*R2

AP3=(ATw-AP~I*C.5

AP4=A2*C.5/SQ3-yEA*XE~*C.5-APIN/12.

ASI =GAP l*YBC
AS2=(IIPl*YßW
AS3=C*C.S*GAP3

J)0162
1J0062
)0)062
C1JO()62
::n 0)62
:J 'l (Jl)6 3

))'),)63
aOOO/)3
JJ0063
800063
80:)063
))0063
000)63
000063
nJ0063
JJJ')6ft.
000064
)')1064
100064
0::;0'')64
000,)64
(0)064
J) i)')64

)Ü'}064
0') ') 0 64
)['1')65
))0')65
)'),)065

))0065
«;-\00 ')5
J:JO')t,5
)80065
)00065
JJ0065
00)0)65
JJ'))ö6

J')n)66
(00)66
"":1)OIJ66
nein J66
OU0166
JJOC)66
)Ou066
OJC)066



C
c

- 16 -
54= A SQ3-XBAI*GAP3

RlAl=AS t/API
RIA2=AS2/6P2
klA3=AS3/AP3
RIA4=AS4/AP4
0010I=1,NSTOT
ITH=NlYP{ I I
GOTU «1,2,41, I1YP

1 S Uf'" ( [ )= 1. *R 14 1
GOTD 3

2 SUMIII=RIA2+2.*R1A3
1 r'JGAPS(II=3.

GOT C 10
4 SUMIII=2.*RIA4

NGAPS ( I 1=2.
10 CUd INUE

00 24 [=l,NSTCT
N1YPI=NlYP( I I
AKEA1= ACI- PH YP I I
RAPPI=AREAIII/AREAI
Nl=NER(II
[l 0 2 3 ,.. = 1 • !\J I
J=l'dSll,M)
NTYPJ=N 1 '(PI J I
ARE~J=/\CH(NlYPJI

RAPPJ=ARE~(JI/ßREAJ

RAPGAP-=l.
IF(ABS(RAPP1-1.J.GT.C.l .ANQ. A3SIRAPPJ-l.).GT.O.1IRAPGAP=O.5
If( I.GT .NSTRIGOTO 1A
IfINTYPIJI.EC.2IGCTO 1~

DELTA =i)f~lT/\l

RAPPA=RAI
GOTO 17

15 DELTA =DELTA2
RH FA= Q,A2

17 Gß~=GAP1*R~DGAP

GOrD 22
16 IFINTYP(TI.[Q.3IGOT'l 2C

IFINTYPIJI-2115,IQ,2C
19 OELT~ =DELTA3

RAP Pi\ -= Rtl3
GOTD 21

20 DELTA =DELTA4
RAPPA=f{A4

21 GAP =GA?3
22 CCf\TINUE

DEI J =t!\ R'=''\! + M;. [A J 11 ( t P L"I UC E ( r l+!I R:: AJ 10 E ( J ) I
YH -= 1. 1 4 *S f·:JR T ( ( NGH S ( Il +NGp PS ( J ) )/ ( SUM( I I +SU 1'1 I J I II >1< R >\P P iV~* 1
l:Jf<IT[(6,lOOIIV,I,J,YH

100 FCKMATI3(5X,I5,'1 YH(1,r:,',·,I2,·)=',EI5.7)1
CTURß( 1,~)=VH*GAP/)ELTA*JEIJ.O.05*nCaRR

CCCND{I.MI=GAP/CELTA*f((~C*O.5

23 CCNTINUE
24 CCNT H'-JUE

\~RITE(6,102)

102 FCRMATUIIl
DELSCl=C-(7.*C**3/4e.-P31/(O.25~C**2-PIG*R2*SQ3/6.1

DELSC2=C-2.*XBhS
CTURBlt11=CTU1*C.CS*CE1C*VßCICELSC1
CTURß1(21=CTU2*C.C5*O[1~*(t-Z~C1/JELSC2

CCC~nl(1)=Y]C/OELSC16F((~C*C.~

C(eND] (2)={ II-HiClInElSCZ*FCCNO*C. S
RETURN
END

JOD066
[I C, D:)6 !'

1))0067
0('10A7
000)67
))OiJ61
000067
)))007
000067
000)67
00,1067
))006ß
[lJ0068
'JOOU6R
OJ0068
))0061
)0006.q
OC0063
010068
)J0068
000068
)00069
000069
000,)69
D')0:)69
0)0069
000069
))0069
00Cl06'1
000069
))0069
)00070
ClOO!)70
00))70
')00')70
800071
0(0070
0)0070
OJ0070
))007J
000')70
00l')H1
0(,)071
OD0071
))0111
)00)71
Jooa 71
)')0071
[l00071
)00171
)00071
')0'1072
)0 )J 72
OC,0072
000072
)0017~

000012
J),)1)72

lO0072
'))0072
000072
ODUJB
JJ 0073
D'10073
080000
000010



.. 4iI ,. _ _.. ' * •• -41@3 JJ);){)l

........... 111 ' $ •.$ JJJ()()l

lC'r)(lOl
(n(l:)O 1
O)()')01
000001

FCR THE 12-Q([ El~CL[S

:::lJ 00 ,)
OOU '1)

F Neo N DSPOP F ( EP S D E , L t t'I Cl [i~' SP , ,::I CDP,{E , 1 TYPl0 J ') ')
--- --------,------- -- - --.-.---- -------------------------- ------------ Denn J')

DSPCPf EvaLUATES T~E FßCICR TAKI~~ T~~ lARGER DlSTRIßJTEO ?RESSJREJ00000
LnSSES IN THE SPi~CER II'H !i(CCLI'-T UCi)rlUJ

CiOOOOJ
000001
JonOUJ
CJ )(1010
Ci JOO')O
"I(J))d 1
000»'')1
):''1 IJ01

CU E f F I CI eIE NT /\ /\ r 0 R S li i~ ( TI- SEC 1 IlJ ~JS

c( ~~o NJ IR nSOl [R H C\i REU ß( \i 'j I 3 I ,\CVeH ]I

RlAL LAMßCA
RE=,\BS(REI
?ROV=-G~IFUN([PSI

IHIR~.EQ.. 21GCTC .3

AA= 1.
GOTe 200

c

c

c
c
c
c
c

c
c
C

c

5 Ge T0 ( 1 Q , 21 , ]0 , 4 CI, I 1 'f P

1J l\A=O.
GO TO ZUO

20 :\4=0 .. 366
GOTD 200

30 i\A=C.575
GOTG 20G

40 i\t'\=C.247

200 CV=6.82*AA*ll.+8ql.·PE~*(-C.A135JJ.lJ.l*11.-AAI*(1•• 6J26.*QC**
*(-1.10411

DSPOPF=PROV+(J *O.5*[FS~*2

RETURN
EhW

C

C CCEFFICICIENT AA RCU(~ENEC SECTl(~S

C

C I TYP = 1: CtJJT RALe HMH1 El S
C ITYP=2: ~ALL CHAf\~[l5

C r TY P= 3: ceR ;'J E;':;' CH!l. r--J NEL S
C ITYP=4: kHDlE 9UNJLf FlC~ SECTICN
C

c

c

c
c

c

000001
()() 0002
l) 00 02
000002
)00) 02

C)(!)(I ') 2
JJ 00']2
OYJ002
)21002
JC!()002
)J1032
CJCJ()(113
)Cl Dei ,n
)')00)3
J00003

OQ0003
J00003
U') ') 'YD
D)C'1))3
')') 00")3
1000Y3
i)() 'Y),)4
0)0104
)) ').} ')4

CI)" 1))4

) () 0 ;i) 't

,):10004
SU f3 P(ltJ f I r-, ErN J EX t 1\ SEI, 1\ F( ;v A , 1\ ST f', '1ST,] T , '~~o ) 0 Ci (H) 04

[-------------------------------,-------- ------------- ------ ------------ J )(10:)4-

C INJ[X PFCVIJ[S If\::;rCES TC H'L CHA"1 1'IEL5 JOO()')4
C 000004
C VtkSICN FCi-i 11-E 12-~C;:: TJNJlES OJ0014

• 'O " - ., 0)Oi)()4

C( i" Me t\ I rN J 3 rH y D (42 J / J J 11M n ( 4 2 I • n s ( It 2, ::; J
IFINSfL.EQ.3JGG10 1
NSTOT=28
NSTR=13
GOTeJ 2

1 ~.J STC T= 1 1
11 STR=6

2 CCNTINUE
~~F C=~JRO NI A
WRIT[(6,1~INRC.NS~L,NSTP,~STCT

14 FJR'1ATI /I'i-X,H~[SLlTS Cf I·WfX·115X,'~F'C:'VS=',U,5X,qYPEJF
t'J/\;:=',ll,"i)(,'I\R. OF CEf\iRAL CH,\;\N;;lS=',l4,5X,'TOTt'lL JU'1P,EK]f
'~ElS=', 14//1

)0-' ')04
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):;0005
)'JCC)l')
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OCJOJ5
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')J C,J J5
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000805
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C"JJO'.J6

Ci '-I Db
))')')()tJ

)[i J6
:)]OU06
01:](1:]6

00 100 NS= NS1CT
NI=NER 1\5
WR TE 6,20) NS NTYP ~~ ,(~lS(~S ,=l,NI
F 0 RM/\ T ( 5X, i "I S=' I 2 , 5)( f 1 PE= I , I 1 '5 X, CH/\ ,\1 'H': L S CTl "J ECTC )
CUJTI "lU E
RETURN
END
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C
C
C
C ')", ) fl ')6

S Uß R0 U1 I NE TC TGEC { NS Cl • C ,C ,z , P l: G. lf \( Cu,,'rw uS , i\. 'tL\ , V , EU , i) Ek L T, ':') () 0 (> 6
&RTI P ) ')(1) 0 06

C-----------------------------------------------------------------------(1)1007
C TCTCEO CAlC!JLAHS FLDI AFf'tlS • E~J[V'lf=n CIA'IETERSA'Jf) )T iF:l<- JJ' IIH
C GECMET R I C CHA F0 R TI- E V, H U:: I:: U": J Lc: F LD:'i S[C TI (j "J , F rJ.<, Tl! r: Ci J (I () J 7
C CHANNElS AND FOR THE ~leC~A~NElS "ln]]7
C 10')107
C VER 5I ['" F 0R 11- [ 12- RCJFJ.\jJ L[;S"1Q 0')7
C •••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••• ~J~107

CCMMON/GEJO/ftCH(31/LA~I~2/FATIPI3),FDTI~(3J/QPAkl/P[kL(31

1 IGEC2/ATCT,CiT(1,~SEC/CEC5/'TC,J~TC,ArW,J[TW,~rA,JETA.AAC.

2 AA~,A~A/WAKAn/CC'nC.Z~.ZWCC,~~02,P~WJ

S i,) 3= SQR T(3. )

02=0**2
EM2=c*a.5-E!'H
lhC=EM2/SJ3
DTlP=RIIP*2.
\TC=(C**2*SQ3-PIC*D?*C.51*C.25
JETC=8.*ATC!IPIG*O)
~TW=C*l-C.125*PIG*D2-f~2*Z~C

UETW=4 ••ATW!(Z.*EM1.4.~lhC+PIG*C*~.51
ATA=Z**2/SQ3 -PIG*CZ/24.
D[TA=4.*ATA/I PIG*Dlt.+2.*!/S~31

AAC=A1C/6.
I\AW =A T'tH 0.5
AAA=ATA*C.5
ATOT=13.*ATC+9.*AT~t6 •• AIA
DETOT=ATCT/113.*ATC/CE1(49.*Alh/JET~+6.*ATA/DETAI

IFINSEl.EQ.3IGCTC 1
ASEC=ATCT
Goro 2

1 ASEC=ATC1/3.
2 CGNTINUE

ACH(ll=ATC
j\CfHZ)=AT;.j
ACH (3) = ~T f:,

PERlT=4.*ATOT/JETOT-12.*FrG~Q

PERL(l)=O.
PERl(2J=4.*AT~/CETw-c.:~prG*c

PERl(3J=4.*AT4/CET4-PIG*C/E.
wW=Z+O.5*J
ZA=l
WA=wW
F AT I P I L)=(C** 2*SQ 3- D I ( >I< CTI P*'* 2*C• ) ~ 0• 2 5
FDTIPll)=4.*FATIPlll!IFIG*C.S*CTI ' I/DETC
FATIP(l)=FAIIP(l)/~T(

fATIP(2)=C*IWw-CTIP·C.SI-CTIP*·2*~IG*:.l25-EM2*IWC

FDTIPI2l=4.*FATIP(21/(PIC*CTIP*O.~+2.*E~1+4.*IWC)/n~Tw

FATIP(2)=FATIP(2)/Al~

FATIP(3)=(WA-OTIP·O.'5)~~Z/SJ3-crl~~*2*PIG/24.

fDTIP(3)=4.*FAT[PI3)/((TIP*PIG/f.t(~A-OTIP*O.5)*2./SW31/)[T\

FATIPI31=FATIPI3l/ATA
CD=C/CIIP
WD=hW/DTIP
Z[=Z!DTIP
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lWCC=ZWC/OTIP 000J12
AW02=AAW*FATIPIZ)/OTIP**2 00)012
PwWD=4.*AAW*fATrp(2J/([El~~FJTIP(2IBOT[rl 200012
WRITE(6,3IATOT,OETOT,~~EC 180n12
WRITEI6,4IATC,ATW,ATA,[~TC,J[Tw,D~TA 000012

3 FCRMAlIII15X,'TCTAl FLCh tREA=',F10.J,' SJC~'/5X,'TJTAL EJJIVAlENTJDOJ12
1 CIAMElER=',FIO.2,' U""/SX.'FlO\\RElI CF SECfION=',flJ.?,' SQCh,pnOJO,Jl2

4 fC R~~ ATl 5 X, I F L (W A I{ E~ S Cr CI- .:V, f\ El-; : I 15 X. 'eE 'H RA l = I , FICi" 3/3 X , I ~-IA tL == , J 0 ,)() 13
1, F 10" 3 I 6 X• ' CO RN ER=I • F lC " 3 11 j X, ' E,.~ J I V,!~. l UJT CI A14 ETER S: I 15 X, 'eE :'H R,~ L=J ) )J 1 3
2' ,F 10 .. 2 I 8 X, ' Wf\. L l = , , F 1( • 2 I t X, I C( '~ NE. R= I ,f 1 c. ,~ I 1 I 1J 0 ( • '" • I » 0) UQ 1 3

RETURN n00013
END 000011

( 100013
(iU')013

C J00013
C ~on113

SUBROUTINE I~GEINRC~~~f\S~l,~STR,N5TOT,C,~,J,ATC,AT~,ATA,PI;,~CO~R,0)J013

*CTUl~CTU2,DETC,CETW,E~1) J00013
C------------ ------.---- -- - - - - - - - - - - -'- -.--- --- - -------- --- - --- - -- - ----- --) ) i) U13
C INGE E:VnUATES HE TUREUlENT tJIX[\J(; C'Jt~STANTS CTUR'3II,JI F:)R TI-;[ (10i))13
C T i-' t: C,..", NNEL EX eH MJ GE S t NC CTU iHn co {i( -= 1 , 2' F0 R THE S'J f'\ CHM; l\j EL ) J ') 0 l. 3
C EXCHANGES. FURT~ER~CRE l~([ ~VALU~TES Th[ CONSTANTS (CONJII,JI )OJOl.~

C AND C(("DUK) fOR HE LrHi-'Mny [XCHA\j';[ JUt: TU Cm~OUCTI n I'i GAS ::-n0014
C 000014
C VER SIr f\j r- eR Ir E 12- R(J J d f~ J L E S ~)) 0 0 1'+
C .. .. .. • • .. .. .. .. • .. .. .. .. .. .. • .. .. .. .. .. .. .. .. .. .. .. .. .. • ... .. .. • .. • .. .. • ...e • .. .. .. • • .. .. .. • .. .. • .. • • .. • • • .. .. • .. Cl C) t) 0 1 4

Cml MmJl I N03 IN TVP I 42 ) 1 I J 11 1\ EP, I 4 :2 I , "JI S h 2 , .3) / GEO 01 AC H(3)
1 /CEN5/0EI421/TUPI/(TUHBI42,31/TUH2/CTJR31C2)
2 1((NDO/FCCI\:)/CCN[I.IC(C'JC(4,~,3)/c:m02/CC(}N01(2)

DIMENSICN SUM(42)
REAL NGtHS(42)
SQ3=SQR TI 3 .. I
R-=C*O.5
R2-=R**2
R3=R2*R
A2=A**2
A3=A2*A
APH~=PIG*R2

EM2-=C*O.5-E"11
l WC=EM;~ 1 S,J3
ATW3=E;"12*ZWC
GAP1=(-S
GAP3=A-t{
YBC=(*O .5/S,B
Yßvß=A- ZWCI] ..
XRWS3=C*045-E~2/3.

YBW=(A**2*C*O.5-2 .. / .*~~-Y[~3~AT~31/ATW

XBVt S == 2 • *(J~*C'" .~ 2* o. 1 5- P .~ f?, • - X '; h S]'<H ;i 3*J • 5 ) / ATw
XBA=(5./36."'~3-IA/S 3-~/PJG)*ßPINlb.'/IA2/SJ3-APIN/6,,1

YBA=XBA*SQ3
OEl TAl==2.*V9C
DElTA2=vBC+Yf3'"
DElTA3=C
OElIA4==SQRTIIA-yek-YP~).*2+IC*0.S+~/SJ3-X3AJ**21

RA1=1.+ftPIN/IZ .. *ATC)
RA2=1.+AFIN/IATC+AT~)

RA3-=1 .. +APIN/12.*ATWI
RA4=1 .. +APIN*2./(3.*IAl~+tlAII
AlF~W=AT~NIY8W*2./C)

AP1=VRC*C*O.5-APIN/6.
AP2=Y8W*(*O.5-~lFAW*R2

AP3=(AT"-AP2)*C.5
AP4=A2*C .. 5/SQ3-YßA*XEA*C.5-APlf\/12.
ASl=GAPl*VBC
AS2==GtV 1*V81-1
J\S3=C*J.5*GAP3

)))'''14
0::>0014
OJOOllt
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))01)15
)J0015
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jU')>J15
)0015
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):)0015
OJO:J15
~1,)0015

r)(i DO 16
o~l Cl} 16
0) 0') 16
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')00016
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~n ,J'.) 16
)0016
))[]016
)) O'J l.7
JJOJ17
))()()17
)))017
0')0;)1 7
'CH)!)1?
(0):)17
OJon17
))0017
)00017
00 (YJl g
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))O'J18
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- 1
AS4=(A/SQ3-XBA *CAP]
RIA1=ASI/APl
RLA2=A52/AP2
R11\3=AS3/AP3
RIJl4=AS4/11P4

C [ACH (eNTPÄl CHAN~~EL rAS 3 UPS .. IT rs CCNf'li::CTEU TU 3 C,::NTRAL
C UR TU ? CENTRAL CrlA\~ELS A~D TC 1 htlL CHAN~El

1)0 7 I=1,NSTOT
ITYP=NIYPII I
GelD (1,2,41 ,IlYP

1 SU"1(I1=3.*R1Al
Guro 3

2 SUMIIJ=RIA2+2.*R1A3
3 NGAPSII}=].

GOTe 7
4 SUMIII=2 .. *RlA4

NC\PSIIl=2.
7 cmnH1UE

00 15 I=l,NSTDT
NI=f\ERIII
DO 15 f'J=1,NI
J=NIS(I,Ml
IF(I .. GT .. f\ST>{IGOTO 10
IFINTYPIJI.EQ.2IGCIC 8

C I=CENTRAl (rÄNNEl. J=CEf\lFAl CrlAf\NEL
DELTA=OElTAl
RAPPI\=~Al

Guro 9
C I =CPH RALe HAW ~ f l, J = WALleI- lHdJ E L ('P, v r CE \I ER SAI

8 LlEL TA=LJEL TA 2
RAPPA=Rtl2

9 GtlP=GAP1
GUTO 14

10 IFINTYPIII .. EQ .. 3JGCTO 12
IF(NTYPIJI-2Iß,11,12

C I=WALl CHA~NEL , J=hALl Cl-A~~[l

L1 UElTA=JELTI\3
RAPPA=RA3
GOTO 13

C r=COR~ER C~~NNEL, J=~ALL CHß~~EL (eR VICE VERSAl
12 DELTI\=Ot::LTA4

r~APPA=KA4

13~~P=GAP "3
14 YH= 1 • 14* SJR T ( I NG/\ P S { I I iN GAP S { J ) I1 I S J''1 ( I I ... Sd ~ I J I ) ) *R/",") PA ** 2

rn YF I= NTYP I I I
~HYPJ=NIYiJ( J)

AREAI= tlCHINTYPI!
'REAJ= tlCH(NTY3JI
DEIJ=IAREAI+AREAJI/IßFF~I/[E{II"'A~EAJJOE(J)1

CTU Rß l I , M)= YH*GA? I iJ F. LTt '* DLI J *0 • 0 I) I,< r") Cl M R
CCONDI I.~I=GI\P/CELTA*F(("C*O.5

15 CCNTINUE
OELSC1=C-(7.*C**3/4E.-R3)jIC.25.C~*Z-~IG*R2*SQ3/6.)

DELSC2=C-2.*Xß~S

CTURß1(1)=CTU1*C.C5*DE1C*Y~C/uELSCI

CIURBl I 2)=crU2*C.1)5*C[1~* (1~-l\-\C) IJELSC2
CCCN:Jl I 11 =Y >je I DEt SC 1"'FCC l\O*C .5
CCCNDIIZI={A-lk(1/DElSC2*fCCNO*C.5
If(NSEL.EIJ.IIRETURN
CTURBI1,11=CTURell,II*C.5
CTURßll.21=CTUR811.21*C.5
CTJRß{2.11=CTUKPI2,11*C.5
CTURßI6,21=CTUR316,21*C.5
CCCNDll.11=CCCN[11,11'*(.5
CCGNCl1,2)=CCCNCll,2l*C.5
CCONO(2,11=CCCNC(?-,11~C.5
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::1)0021
JCJC),)7.1
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'))0021
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')OJ022
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Gu0022
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))CJ')Z2
000022
[lO();)23
10)023
J) 0')2 3
O'YJ023
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DO:J024
)()0)Z4
000024
OJ0024
0)0024
0)(024
)J0024
))0025



5cce D 6 2
RE URN
END

c
c
c
C

J 0<] 25

) = 025
O~I ')')2 5
D:)0025
)00)25
Ui0025
JJCJJ25

SUßROUT[~E INQUAINSEl,~STOT,NRCM ,ATC,AT~,ATA.DETC,JET~,J[TAJ :])0025
C---- - -- --"_._--.- -------- _.- - -- _.- .-----.- - - ---------------- --- - - - ---- - --- - - - - ~\ [1 ') () 25
C IN~UA PROVIDES INDICES TC CHÄ~t\f::l FLC~REt,S ÄI'W [:JJIV\lE'H )on025
C DIAflETERS /'iNU TC SUf')(I-M\/'I[l FLO~ !'1Q.=~S :]JDJ25
C 000025
C VfJ<S[CN FCK HE TI-4[ 1Z-ROJ L1Jf\DlES ))CH125
r
,~ ,. '6" 49 ,. ,. ,. .o fit _... • J:J !}')2f-J

OI~ENSIC~ ACH(31,CI~1 000026
ce,,, fJ,C NI G[N 2 I A I 4 2 I I I ~ 03 N, 1'( ;J ( li ;~ I1 'j J e11,6 SCH[ 42 7 3 11 GEi j 5 10 E ( (t 2 1) U0 J 2b

1 n· E461 NP I NI 42 I ,J P I /'I ( 4 ? , :3 I ) ) 0,) 2 6
ACH(ll=AIC ODOJ20
ACHC2J=AT~ J)0026
ACHC])=ATA 000026
DIIJ=DETC )J0026
OCZ)=DETW 300026
C(3)=OETA )00026
00 1 NS=l,NSTOT U)0027
NP=~PIN(~SI 010027
NSCH=4-f\TYP INS I jr)IJ)27

SCH=fJSCH 0')0021
NTYPNS=NTYP(NSI 3))027
OE(NSJ=[{~TYFNSI 000027
DO 1 I'A= 1 ,NP O)(YJ27

1 ASCH(NS,MI=ACHINTY~NSI/SCH 300027
IFINSEl.EQ.IJGGTO 3 ))0027
ASCH(2,2J=ASCHI2,2}~C.~ ))0027
ASCHI6,1'=ASCHlf,11*C.5 )00023

3 CONTINUE :'-")0)23
00 4 NS=l,NSTCT ))0028
NP=NPINO\SJ r\ W:)2J
A(~SJ=O. )10'2Q
OG 4 ~=l,NP Jr"2ß

4 A(~SI=~(~SJ+nSC~If\S7MI )C012S
RETURN )Jn02Q
~ND O)OJ?0

C )ü(VI213
C ):) )023
C ))OJ28
C )(Jf)02S

SU8 RrJ U T I NE HE A T I INS TC 1 • r.! S TK f N SU ,'i rZ ( f'J ~, I P'\) J J " J 2·9
C--- -------------- ---- --.--------- -------.--.--------.------- -- ---- -------- 0) O;~12 Cj

C HEATI E\iAlU,\HS TI-[ rEin FLLXES ::~(\JSd I Fr),",- THC fW)5 AJJ6.CEH TJ r''jiltJ:(9
C EACH CHAI\1\EL 1\5 AN,) HF Hlf\L FLL'l(ESnL~SI Ef.TFRIN;; Ef.lCd )onn29
C CHANNEl NS. I-EATI ICEI'\T JFIES filS) THi: COJlJECTIlnS JET,.i:':E"1 THE ::;':)]029
C SUBCHANNELS I Md) HE ',[JIICENT FilJS ,W '1E!\'J":; OF THE .1ATRIX JiJI'J JJO )2')
C ( NP H J ( 1\ S 1= Mi. CF S UPCI-. I ' l eh. ;~ S =.~P,. n F P INS A )j • T0 C 1. 1\) S) ) ) i) ) 2 '}
C 000129
C VEPSICI\ rcp HE 12-RC: '3J~JJlES ))00;'1
C ............................................................ •••••••••••• :1):):)2~

COvMuN/~Enl/Q(371/bEnJ/Ql(421/I~C3/NTYP(42}

1 11- El\ 5 ! Ci (;) ( 4 2 d ) J I- EAt 11\ P I [\ ( 42 ) , J P I 1\ ( It 2 , '3 ) 1 HF: A1)1 ,) SC HI 42 ,3)
00 3 NS-=l.~JSTOT

NP=NPI~(I\S)

De 2 ~=l,NP

JPII\N~=JPIN{NS,MI

QQ{NS.M)=QIJPII\N~J

rFINTYPINSJ.EC.2ji;CTC ]
QSCr(NS,~)=~Q(I\S,~)/b.

GOTe 2

'.),)10.79
or"J;'l"LI

)::lD03 )
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) CJO 13J
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o 0

JO 3
))OJ
00]03

)Q 3
') J')I)3

~)J103

))Q)3
10003
))0)3
1JO'131
1)('10032
0)0032
)')OD32
('10032

Cr= h =: f" TI' I/I 18 X, ' CHANf\ Ell ,3 ( 21 X, ' R0 J ' , 2 X I I) )) il) 3 2
))0032
C, J0032
))')032
))0032
0)0032
iJ ') ()Cl] 3

CJ0033
'))0033
[1')0033
000033
OJ0033
)J0033
00 D033
)00033
DJO,)33
000033

C(\1 Me N 1 [ AT 11 J. ( 1 I) ) I C'.\ 1 2 I ß ( 1 C I1 [ !I h I jJ EST , l\ [) [ t: NJ I DAT7 1CN J S S ( 2 I () ) 0 1)3 3
1 I ( AT K>11 J 1 ( 1 ) , D2 ( 7 I I EX CAT I EX U 71 , EX 2 ( 11 ,[ X3 ( 71 1 E X;) 1\ Tli ') J 0033
2 EX 4 (7 ) , EX 5 I 71 • EH ( 7 ) I B I [ AT 1 J I K I 3 J 1 ~3I 0 ,H 11 f' I E( 711 ß ID E I IR [ D[ () 0 0033
3 Il!\ ~ I NK 1 q KA PP A 17 13 I1 L At! I 1\ SI [ 3 T I P (I, :2 , 3 ) IC ON D0 I Fe UJO1'1' RT2 I J :) () CJ3 4-
" NS I, ~J S21 'ti AK.A 11 I I<.t p Pli/ CVP EH I'\C VS ( 3 I ,;'\ CVR( 3) J l.l\'\ I \l 61 MJ C; L1\", ') 0 0 J 34
5 IGRAV/IGRAV/Hffl6/ ~·FIN(42),JoUJI42,3)/rrw:?nHYP{421/IJ1! '1:)0034
6 ,~ E R ( 4 2 ) , NI S ( 4 2 , 3 I 1 S I f'J l A<1 1 I S I ~ D l ! EXW Th II [X AV1 I SUP I I r) l H J :1) OJ 3 4
1 ISU9CI/ICIV1,ICI\2JICISDA/IJIS?I/IOISPH/IDISP2 000034
8 I I SMO I COH 1 CAse 1 / hl STel I G/1, SJ ?I fL,\ PP AI (<t 2 ,3 ) 1 GAS D31 r= SY\H :n () 03 4-
9 IGASD4JIGAS/MAP1~/I\SlR/G~AGL/FCOP~LI3J/GAAGT/FCOPWT OJ0034-
((MMCN/IS~Ol/ITECO/ENECP/IEN[/VIXSI/CY 000034-
J ATA A14 .. 4 , ') .. 24 , 0 • , 1 • ,( • 4 4 , C • 5 , c. )1 ,1.0 5 3 , 1 O. , 1 Cl • 1 ) ) Q 0 34
oATAB l't • 7 , .3 5 c; • , 2 • d • , C. 4 , C • () 1 , C. , ') • 0 , O. 5, 2. 0 I J J :) 034
JATA NJEST,NCEEI\J/IO,2J 8)0035
DATA C~lSS/5.55,3.551 D)0035
GATA Cl,C2/7*2 .. e97E-J2,7~3.27E-051 JODD35
OATA JPIN/2*3,4,5,6,1,4.2*S,2*t,3~*O,4,5,6,7,3,5,O,6,O,7,33*0.3*3,))0035

$ 37*01 JD0035
DA TA N I S 12 , 1 , 2 , ~ ,'t ,5 , ? , 7 , E, 9, 1() , J 1 .~\) ,J , 3 , (-t, '), 6. 1 , fl, i) , 1.') , 11. 5, 3 3 ':< 0, Cl C' 0035

$ 7,~,11,3*C,4,33*CI J)OJ35
CATA NER/2*2.3*3.3*?,3,2~2,Jl*CI 0)0015
CAlA NTYP/6*1.2,3,2.~,2.~I"'()1 )QOCJ35
O~TA NPlf\/l.2,3*3,2*2,1.2.1,2,~P)1 ))(1035
JATA EX1,EX2,EX3/C.ltf~[-C4, 5*0. 152/,t-J4,O.t6fJ5E-04, J.667E-08, ))0036

* S*C.72o[-CE,O.667F-C R,J.,S*-).43HF-ll,J.1 ))0036
CATA EX4,EX5,F~6/7*C.l~2l[-C4,7*~.726E-CE,1*-J.4aRE-111 ~}O)36

JATA GIK/1.,-1 .. 2,0.1 000036
oAT AR I EI') • 0 1 , 1. , - 3<0 35 ,( • , C<09 S ') ,- ,2 • 8 3 , ). 1 J D0 Q 3 6
CAT~ IBICE/II I~0036

DAT~ ßKf~PA/21*1.1 000036

'-jRITE(6.61
b FCRMATI/1115X,-RESLllS

DC 8 NS=l,NSTOT
NF=I\PII\(f\Sl
WRIIE(ö.7) 1\5, I"',[\;S'/" , ",PINlf\S,-1I,f'I=l, iP}

7 FCRf.,AT{2X,I 10. 3(3X, [1, f I JPINI '.15, '.',12,1)=',1 5ll
8 ceNT INLE

RETURN
EI\D

1 QSCHINS, =CQ ~s ~ ~C.2~

2 CeNT NUE
3 CCNTINUE

If NSEl.EC.IIGCTO 4
USCH!2,21=QSChI2,? *(.5
ClSCH{6, ll=QSCh(6, 1)*(.5

4 CCi\TiNUE
DC 5 f\JS=l,NSTCT
NF=NPlf\{f\S)
HINS)=C.
oe 5 tJ=l,NP

~ QT(NSJ=CTIN~)+CSChINS,~1

IF( IPA .. NE .. IP4/2*-2)P,ETlfd\
(

c
c
c
c

BLeCK [IlTA
(------- --------_._------ - ---- ---------------_._----------- - -- ---- ---- ---
C BLOCK CATI\ FOR TH[ 12-F[[ eUNOLES I L/l.RI) CF THE virllJlE ßU~JiJlE

C FlO~ SECTION )
C

:. ,. ,. ,. ,. ~j.)or'_36

c
C

T URRU l ENT C!\ LeU Ul.T I (1\ I S I !'I pes [ D FrJK ;\II S Uß CHA\1 NEl S

D~TA 131IP/126*21

))0036
010036
:))),)37



c

168 -

DAT/i FeCNJll.!
LJATA tli\ICl.4\1/1./
OAlA ACVS,ACVR/4.15,t4~.,(.~27,B •• 35C) •• J.91

::>JOYH
JJIJ:lJ7
)JOJ37
~j[;():)37

))')037

c "." "" '')':"1') '37
elF Th r= J IRE CT I eNG F TI- E f UJ VI 1 S CGPl CI DE NT Ton I AT J r: T Hr "\ )":n 7
C GRtl\dTATIONil.L FCRCE I Gi-d 'v-= 1 ; IF Ir 15 UOPCSI TC: 1GR,\\/=-1 ~J)0037

C IF ThE GRAVlTATIC~JAL fTRCE 1S NCT TAi<E~ PHU ACCDU:H 1GR,4V=) :JOCi'J37
CISI MPl= 2 I N T HE C '\ SE (F l 1\ ~ I 1\ f, R F l J ,I, 1FT b r: ~~ Ussr: L T ,i LI 1"1 '~E '\ S 1:) ) ) 3 d
C nr THE EXTERNAL CI-,A~·jNELS "NS" ( '~Sl-I<NS<~IS2t-l I, L.E. Ir IT "lUST ),JOOY3
C BE C01,C02#1 It\ SI~lAI. 1t\ ThE GT!H:R CASES 1SIMPl""l JJJ:Uo,
C IEXAV=2 IF Af\ /\VErU~GE \i/HUE cr TI--I:: Pli r::::~pF:RATURE:;A\'O /,\:J WER/\GU)Ond
C VALUE Of TH~ SHP[UD HIv!f1Ei-:ATIJr.d~S 11JST ß::: cC'~Dln[D 1'1 'lALL TE FfH~ C:J')')33
C THE EXTfR1\jAL CI"I.~i\:JELS 11\51['\::: r:F TrlEU:H VALJES. CTHFR1:IISE 1)00'J38
C IEXI\V=l )J003d
C )00)33

OATA IKAPPI\,IGR,~V,ISIr-Pl,IEXAV/19),2*1/ ))0018
c ...... '5 .... .. .... .. .... .. .. .. • .. • • .. .. .. • • .. .... ,e .. .. 1& .. .. • .. .. .. Je ,. .. .. .. .. .. .. .. .. .. .. .. .. .. .. • .. • .. .. • .. .. .. .. .. .. .. )') C! .) 3 8
C ACCED AT GA. IilIVl=l: f\CPrvßL SUeJ1V1SI·),J INHJ SUßCrl\f\j\IELS; ~'10'B9

C IIJI\l1=2: f\C SL>1[~IVISrCi'i F:=R CEf\TRAL CH\iJ:JELS; O)OlY}
C IJIVl=]: f\O SL8DIVlSIO~ FnR WALL CHA~NELS; JJOJ39
C 101V1=4: 1'C SLHCIVISIJ'J FOt!, CErHRAL l'.iLJ vlALL CH/~,FJ[lS:1Jn039

C 101\12=1: ~CR~AL SU2JIV1SIO~ INTO PORTIONS Jr W~LL ))0039
C SUSChANNELS un:)]39
C IDIV2=?: ~O SLRVISIC~ FüR W~LL SUHCHA~~[lS )~OJ39

C IOISPI=l Ir ThE SPAC::k cFF::CI CI\. tJU IS CQ\jSWE",,[) ))'Jr)39
C IDISPl=2 IF H-E SDAC':R cFFECT CN nu rs ~lin CTJSIDEREODC )')39
C IJISP2=1 THC EFFECT CF Th~ LA5T SPACER UF E~CH AXI'L 0))03°
C DflRTHN 0, I\U Pi TH': SiJCCEfDIN(; p(JRTIm~ IS TAKEN ))0040
C I~TD ACCCLNT 010040
C IJISP2=2 THE EFFET CF HE LAST SPACER CF [;'l.Ci'\XI\L )')004)
C prRTI[~J CI\; I\.U I'~ ThE SJCCiEDIr'lG DDf\TIil'l I'; r~[H J)O)lt')
C TAKEI\ rl\.TC /\CCCUH ))OD4')
C J00040

DATA ICIVl, IiJIV2, IJISPl, 1orSP2/1, 1, 1, 11 00004(j
OAlA IJ1IN,ITECC,IENE/3~11 J0004J
OATA FCOP~1,FCnPhT/4~1.1 388040
GAlA CY/I.I OJ0040
DATA [GASIll J00041
iJATA NSTCT,NSTR/2*JI )))041
OATA FSY~~/l.1 100041
OAlA R4PPAI/126*1.1 0)0041
OAIA COT~/O.2/ 0)0041
END J)0041


