
A new mechanistic model for post-dryout heat transfer based on 
two-region approach

Zihan Xia * , Xu Cheng
Institute for Applied Thermofluidics (IATF), Karlsruhe Institute of Technology (KIT), Kaiserstrasse 12, 76131, Karlsruhe, Germany

A R T I C L E  I N F O

Keywords:
Post-dryout heat transfer
Two-region model
Droplet evaporation
Droplet deposition

A B S T R A C T

Considering the significant difference in droplet evaporation rates between the near-wall and central regions 
during post-dryout heat transfer, as well as the limitations of existing mechanistic models in addressing this 
discrepancy, this paper proposes a two-region model for interfacial heat transfer calculations. The proposed 
model divides the flow field into a central region and a near-wall region, performing separate calculations for 
droplet evaporation and droplet interactions in each region. The radial vapor temperature distribution is 
determined by fitting CFD results, which subsequently provides the near-wall vapor temperature profile 
necessary for interfacial heat transfer calculations. Additionally, a new droplet deposition model is developed to 
calculate the mass flow of droplets transferring between the central and near-wall regions. The proposed model is 
validated against experimental data obtained from Freon R-134a and water experiments. Evaluation results 
indicate that the model accurately predicts wall superheating and the heat transfer coefficient in the post-dryout 
region, thereby enhancing the predictive capability of mechanistic post-dryout heat transfer models.

1. Introduction

During the operation of heat exchange systems like thermal power 
plants and nuclear reactors, post-dryout may occur under various con
ditions. Fig. 1 illustrates the flow regime “annular flow”, the dryout 
point and the post-dryout (PDO) region. In this case, the liquid film in 
the annular flow regime gradually thins and eventually evaporates all its 
mass due to continuous evaporation and liquid entrainment. The point 
where the liquid film completely disappears is known as the dryout 
point. The convective heat transfer mechanism abruptly shifts from 
boiling heat transfer to single-phase vapor convection heat transfer, 
leading to a sudden decrease in the heat transfer coefficient and a sharp 
increase in the wall temperature of the heated surface. The region 
beyond the dryout point is referred to as post-dryout (PDO) region, 
characterized by a dispersed flow pattern. Here, the liquid exits only in 
the form of droplets and no continuous liquid can cover the heated 
surface. Vapor conducts convective heat exchange with the heated 
surface and becomes superheated, represented by the progressively 
deepening red color in Fig. 1. The liquid droplets are dispersed in the 
superheated vapor at saturation temperature. Driven by the temperature 
difference between droplets and vapor, heat is transferred from the su
perheated vapor to droplets, which slows down the process of vapor 

superheating, thus affecting the developing trend of wall temperature 
after dryout. Reliable description of the heat transfer mechanism in the 
PDO region is critical for determining the maximum wall temperature of 
the heated surface, which is essential for evaluating whether the struc
tural integrity of the heated surface in heat exchange systems can be 
maintained under various operating conditions.

Research on post-dryout heat transfer has been going on for >50 
years. The research scope involves experimental and theoretical studies. 
Experimental research conducted by previous researchers [1–5] with 
different fluids encompasses a wide range of mass flux, heat flux, pres
sure and tube size. From the analysis of the experimental data, several 
correlations for predicting the wall temperature and heat transfer co
efficient in PDO region have been developed by modifying the 
Dittus-Boelter correlation [6,7]. In these correlations [8–10] the vapor 
temperature is assumed to be the saturation temperature with the 
assumption that the vapor will not be superheated until all the droplets 
are evaporated. But soon, with the improvement of the experimental 
techniques, the vapor temperature in mist flow was measured. It was 
found that the vapor could be superheated even in the existence of large 
amount of droplets [11]. The discovery of thermal non-equilibrium 
demonstrates that the implementation of saturation vapor temperature 
for PDO heat transfer prediction lacks physical meaning. More research 
then focused on how to describe the degree of thermal non-equilibrium. 
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Some empirical or semi-empirical correlations [12], based on parameter 
analysis and data fitting, have been developed to predict the actual 
vapor temperature or actual steam quality. For example, Chen et al. [13] 
derived correlations for actual steam quality by analyzing the process of 
vapor-droplet interfacial heat transfer and data fitting. Yoder and Roh
senow [14] built a first-order differential equation for the actual steam 
quality. Later, Varone and Rohsenow [15] improved Yoder’s model [14] 
by correlating the wall vapor convective Nusselt number with experi
mental data, achieving good predictions. The prediction accuracy of 
empirical correlations is inherently constrained by the parameter range 
of the experimental data used for regression analysis. To develop a 
general model capable of elucidating heat transfer mechanisms and a 
wider application range, mechanistic models which attempt to figure 
out the individuals’ heat transfer process in the PDO region and simulate 
each process are developed [16–19]. Several correlations for describing 

the individual processes are used instead of correlating one convection 
heat transfer coefficient.

In the PDO region, 6 heat transfer paths between the wall, vapor, and 
droplets are identified: convective heat transfer from wall to vapor, 
interfacial heat transfer from vapor to droplets, direct contact heat 
transfer from wall to droplet, and radiative heat transfer among wall, 
vapor and droplets. Among these heat transfer processes, the interfacial 
heat transfer determines the amount of heat that droplets absorb from 
superheated vapor, which determines the degree of vapor superheating. 
Due to the unknown of droplet evaporation behaviors, predicting the 
interfacial heat exchange and vapor superheating in the PDO region 
remains challenging. Therefore, this study focuses on the improvement 
of interfacial heat transfer model.

In the PDO models, the interfacial heat transfer per unit volume of 
flow qvd is calculated by: 

Nomenclature

General
A Surface area (m2)
a Coefficient relating the drag effect
b 3ρv

2ρd+ρv
, refers to the vapor acceleration

c 18
(2ρd+ρv)d

̅̅̅̅̅
ρvμ
π

√

, account for the effect of deviation in flow 
pattern from steady state

b0 A value determined by energy balance
b1 Constant for the radial profile of dimensionless velocity
Bo Boiling number
C Droplet concentration (kg/ m3)
CD Drag coefficient
cow Constant
cp Heat capacity (J/kg⋅K)
cofu Coefficient for vapor velocity profile
d Droplet diameter (m)
Dt Tube diameter (m)
f Constant with the default value of 0.4
G Mass flux, (kg/ m2⋅s)
h Heat transfer coefficient (w/ m2⋅K)
Kvd correction factor (0,1)
kΘ =0.41, Von Karman constant
L Heated length(m)
Latent Latent heat (J/kg)
md Droplet mass flow rate (kg/s)
mdep Droplet deposition mass flow rate (kg/s)
nd Droplet number per volume (/m3)
Nu Nusselt number
Pr Prandtl number
Q Heat power (W)
qʹ́ Heat flux (W/m2)
r Distance to the centerline of tube (m)
r0 Radius of tube (m)
Re Reynolds number
Red Relative Reynolds number
S Slip ratio, uv/ud
T Temperature (K)
T+ Dimensionless temperature, T+ = Tv − Tw

T∗ , T∗ = −
q’’

w
ρcpu∗

ΔTw Wall superheating, Tw − Ts
u∗ Shear velocity (m/s)
u+ Dimensionless velocity, u+ = uv

u∗

u Time-average velocity in streamline direction (m/s)
v́ Fluctuation velocity in radial direction (m/s)
v́ + v́ /u∗, dimensionless fluctuation velocity in radial direction

x Steam quality
y Distance from wall (m)
y+ Dimensionless distance from wall, y+ = y⋅ u∗

μv/ρv

Δz Elevation change during two iterations (m)

Greek symbols
α Void fraction
ε Turbulent diffusivity (m2/s)
ηe The ratio of fluctuation amplitude of the droplet to that of 

the vapor in the turbulent core
λ Thermal conductivity (W/m-K)
μ Dynamic viscosity (Pa-s)
ρ Density (kg/m3)

Subscripts
0 Value before iteration
1 Value after iteration
a Actual value
c Central region
c − n From central region to near-wall region
cr Separation between central region and near wall region
cw Separation between wall boundary region and transition 

region
d Droplet
dep Deposition
dev Developing post-dryout region
do Dryout
e Equilibrium
in inlet
n Near wall region
nt Transition region
nw Wall boundary region
s Saturation
t tube
tr Transition between regions
v Vapor
vb Vapor at the bulk temperature
vc Vapor at the central region
vd Vapor to droplet
vn Vapor at the near wall region
vs Vapor at saturation temperature
vw Vapor at the wall temperature
vwb Vapor at average temperature of wall and bulk vapor 

temperature
w Wall
wv Wall to Vapor
y+ Value at the position of y+
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qvd = hvd(Tv − Td)ndπd2 (1a) 

nd =
6(1 − α)

π
6d3 (1b) 

Where the interfacial heat transfer coefficient hvd is calculated by the 
correlations developed from the experiments on single stable droplet 
evaporation in superheated gas flow [20–22]. ndπd2 refers to the inter
facial heat transfer area, which is determined by the total surface area of 
droplets with size d. nd is the number of droplets per unit volume, 
calculated by the droplet void fraction (1 − α). Vapor temperature is 
typically taken as the cross-sectional average vapor temperature by most 
PDO mechanistic models [17–19] even though the vapor near the wall is 
probably highly superheated. Specially, in the work of Yu [23], the 
larger variation of vapor temperature in the radial direction was 
considered. The flow region was divided into two regions: film region 
and core region. A film temperature Tvf was defined as the average 
temperature of wall temperature and bulk temperature. The central 
vapor temperature Tvc was defined as the average temperature of bulk 
temperature and saturation temperature. The interfacial heat flux be
tween the droplet and vapor was calculated as the sum of the two re
gions’ interfacial heat flux as shown in Eq. (2) and a weighting factor Kvd 
was correlated in Eq. (3) to account for the ratio of droplet evaporation 
at the film vapor temperature. However, this correlation is highly 
empirical and cannot describe the physical processes of droplet evapo
ration and droplet lateral movement. 

qʹ́
vd = Kvdhvd,f

(
Tvf − Td

)
+ (1 − Kvd)hvd,c(Tvc − Td) (2) 

Kvd = 4500α2
v

(
Red

Revb

)1.5(Dt

d

)

(xe − xdo)
2 (3) 

In the work of Meholic [24], the radial distribution of vapor tem
perature profile was considered while the changes in this temperature 
profile due to droplet evaporation were not accounted for. Therefore, 
the phenomenon of droplet evaporation under high variation of vapor 
temperature needs more detailed modelling and investigation.

In turbulent flow, droplets exhibit lateral movement, moving from 
the main flow to the near wall region. The high degree of wall super
heating in the PDO region brings a larger difference in vapor 

temperature between the tube center and the near wall region. Thus, the 
amount of droplets moving to the near wall region affects the total 
amount of droplet evaporation [25]. In previous post-dryout heat 
transfer models, droplet lateral movement was only considered in the 
calculation of heat transfer between droplets and the wall, with no re
gard for its impact on interfacial heat transfer [17,18]. Additionally, 
droplet deposition velocity was typically used to estimate the number of 
droplets reaching the wall when considering droplet lateral movement. 
However, previous computational fluid dynamics (CFD) simulations 
have shown that higher wall temperature leads to an increased droplet 
evaporation rate in the near wall region [25], which is expected to 
prevent the droplet moving towards the wall [19]. Despite this, prior 
models still rely on empirical deposition velocity correlations derived 
from experiments on unheated surfaces [26–28], thus neglecting the 
effect of droplet evaporation on deposition velocity. One reason for this 
limitation is the difficulty of experimental measuring of droplet depo
sition on heated surfaces under evaporation conditions. Compared to 
experiments and mechanistic models, CFD can predict the 
multi-dimensional characteristics of droplets and enabling a deeper 
understanding of droplet behaviors in the PDO region [29–31]. How
ever, CFD simulation requires substantial computational resources and 
not suitable for a large number of predictions. Therefore, by integrating 
the vapor profile and deposition velocity derived from previous CFD 
simulations [25] into the mechanistic model, a combination of CFD 
simulation results and one-dimensional mechanistic model can capture 
the two-dimensional characteristics of droplet evaporation in the PDO 
region.

This paper introduces an improved post-dryout heat transfer mech
anistic model that incorporates a new interfacial heat transfer model, 
accounts for droplet lateral movement and incorporates the vapor 
temperature distribution derived from CFD simulation results. The 
model for droplet deposition is updated to reflect the influence of large 
droplets in vapor flow and droplet evaporation. Considering the high 
wall temperature in developed PDO region, droplets can hardly touch 
and attach to the wall to have efficient heat transfer with the wall [32]. 
To prioritize improvements in the interfacial heat transfer model while 
avoiding introducing additional errors, the present PDO heat transfer 
model neglects direct wall-droplet heat transfer and radiation heat 
transfer.

2. Model description

Compared to the pre-dryout region, the heated wall in the PDO re
gion is no longer covered by a continuous liquid film. The vapor is 
continually heated by convective heat transfer from the wall and being 
superheated. The presence of droplets in the PDO region slows the 
superheating of vapor as well as the increase in wall temperature. Thus, 
the interfacial heat transfer process is figured out as the most important 
part to determine the wall temperature trend after the dryout point. 
Therefore, the focus of this paper is to develop a new interfacial heat 
transfer model with better physical meaning.

Investigations on PDO heat transfer and droplet behaviors have been 
performed with ANSYS FLUENT in the previous studies [25,29]. It was 
found that over 50 % of droplet evaporation occurs in the near-wall 
region, which occupies only 25 % of the total flow area. This indicates 
that the evaporation rate in the near-wall region is nearly three times 
higher than that in the central region. Given this substantial variation in 
droplet evaporation across radial positions, the interfacial heat transfer 
in the mechanistic model should be treated differently from the aver
aging methods commonly used in the literature. In this study, as shown 
in Fig. 2, a two-region model is developed by dividing the entire flow 
region radially into a central region and a near-wall region at rcr to ac
count for the difference in evaporation rate between the two regions. 
Simulation analysis shows that the high evaporation rate near the wall is 
primarily due to the elevated vapor temperature in that region. Conse
quently, the boundary between the central region and the near-wall 

Fig. 1. Schematic of dryout and post-dryout.
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region is defined by the vapor temperature profile Tv. A fitted vapor 
temperature profile for the PDO region provides s better prediction of 
interfacial heat transfer in the near-wall region. Additionally, the 
droplet lateral movement from the central region to the near wall region 
should be included in the two-region model. Through qualitative and 
quantitative analysis of the CFD simulation results, the vapor tempera
ture profiles and droplet deposition can be modelled and implemented 
into the mechanistic model for a more reliable prediction of interfacial 
heat transfer. The wall temperature then is obtained by employing the 
wall-vapor convective heat transfer model developed by Yu [23] .

In the current two-region model, the following assumptions are 
made: 

■ all droplets are assumed to be spherical, with uniform size and axial 
velocity in both regions at the same heated length.

■ at the dryout point, droplets are assumed to be evenly distributed 
along the radial direction and at the saturation temperature.

■ heat transfer between the droplets and the wall is neglected in this 
model.

The droplets absorb heat from superheated vapor and evaporate into 
vapor at the saturated temperature. The newly generated saturated 
vapor absorbs heat from the superheated vapor and also increases the 
mass flow rate of vapor flow. Therefore, the proposed two-region model 
takes into account the changes in vapor temperature and vapor velocity 
profile due to droplet evaporation. A detailed description of the two- 
region model for interfacial heat transfer calculation is provided in the 
following sections.

2.1. Two regions separation

The previous CFD simulations [25,29] employed the Discrete Phase 
Model in ANSYS FLUENT to simulate the droplet behavior in vapor flow 
under post-dryout conditions. The droplets are considered as a discrete 
phase and tracked by Lagrangian approach, while the vapor is consid
ered as a continuous phase. Heat, mass and momentum are transferred 
between phases. As absorbing heat from the superheated vapor and 
heated wall, the droplets evaporate into vapor, thereby influencing both 
the vapor velocity and temperature profiles. This method has been 
validated for single-phase and two-phase conditions [25]. The relevant 
droplet parameters were analysed in detail in previous studies [25,29], 

while the vapor parameters (e.g., temperature and velocity profiles) are 
used in the current study for model development. In Fig. 3, a typical 
radial profile of vapor superheating degree Tv,sup in the PDO region is 
represented by the red dotted line. The x-axis is y+, the dimensionless 
distance from the wall. The black dashed line represents the super
heating degree of the bulk temperature Tb,sup. A high temperature 
gradient is observed across the radial direction. The vapor superheating 
drops sharply from the wall to the position of y+ = 300, marked by the 
green dashed line. In this region, the vapor temperature significantly 
exceeds the bulk temperature. Beyond y+ = 300, the vapor is less su
perheated and varies only slightly as y+. Therefore, considering that 
using bulk temperature to calculate interfacial heat transfer fails to 
capture the near-wall effects, the flow region is divided into a near-wall 
region and a central region at y+ = 300. The interfacial heat transfer is 
calculated separately within these two regions. Sensitivity analysis in
dicates that the predicted wall superheating is not sensitive to the se
lection of the y+ value.

2.2. Droplet evaporation in two regions

Fig. 4 provides a partially enlarged view of Fig. 2, illustrating how 
the regions are separated from the top view and how the two-region 
model calculates droplet evaporation over a distance increment of Δz 
in the front view. In the front view, the green rectangle encloses the 
central region, while the two red rectangles represent the near-wall re
gion. The droplets initially enter the central region and the near-wall 
region with a mass flow rate of md,c0 and md,n0, respectively. During 
travel over the distance Δz, the droplets evaporate and decrease in size 
according to the amount of heat they get from the surrounding vapor. 
The interfacial heat flow rates in the near-wall region Qvd,n and in the 
central region Qvd,c, are calculated separately, each contributing to the 
reduction of md,n0 and md,c0. The total interfacial heat transfer between 
the droplets and superheated vapor in this step is represented by the sum 
of Qvd,c and Qvd,n, which contributes to an increase in the actual steam 
quality xa and vapor void fraction α. Besides evaporation, there is also 
droplet transfer from the central region to the near-wall region, which is 
indicted by blue arrow and mdep, representing the net droplet deposition 
rate from the central to the near-wall region.

Given the steep gradient in vapor temperature near the wall, this 
model, unlike Yu’s PDO model [23] which employs an average tem
perature of wall temperature and bulk temperature, fits a correlation for 
the vapor temperature profile in the PDO region.

From previous CFD results [25,29], a profile of dimensionless vapor 
temperature T+ is correlated and showed below: 

T+ = Prvw⋅y+, if y+ < y+
tr (4) 

T+ = 0.6 ⋅
Prvwb

kΘ
⋅ln(y+) + b0, if y+ ≥ y+

tr (5) 

y+tr is the intersection point of the Eqs. (4) and (5). Prvw is the Prandtl 

Fig. 2. Schematic of two-region model and vapor temperature profile.

Fig. 3. Profile of vapor temperature in radial direction from CFD simulation 
[25,29].
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number of vapor at the wall temperature Tw. Prvwb is the Prandtl number 
of vapor at the average of the wall temperature and the bulk temperature 
Tvb. kΘ is the Karman constant. The value of b0 is determined by the 
energy balance. With this correlation, the vapor temperature in the 
radial direction can be calculated: 

Tv,y = Tw −
T+qʹ́

w
ρvcp,vu∗

(6) 

Where the qʹ́
w is the wall heat flux, ρv is vapor density, cp,v is vapor ca

pacity, and u∗ is friction velocity.
With the vapor temperature known at various radial positions, the 

near-wall region is laterally discretized into N small slices using loga
rithmic spacing. In each slice, the vapor temperature is determined and, 
subsequently, the heat transfer in the near-wall region Qvd,n is calcu
lated. Qvd,c is calculated using the average vapor temperature in the 
central region, as the temperature gradient is small in this region. Ac
cording to the Eqn 1a and 1b, the heat transfer to entrained droplets per 
unit volume of flow channel is calculated by: 

Qvd,n =

∑ N
i=0

(
Tv,i − Ts

)
An,i⋅hvd,n⋅6(1 − αn)Δz

d
(7) 

Qvd,c =
(Tvc − Ts)⋅Ac⋅hvd,c⋅6(1 − αc)Δz

d
(8) 

Where Tv,i and An,i refer to the vapor temperature and flow area at the ith 
slice respectively. hvd,n and hvd,c are the droplet-vapor heat transfer co
efficients in the near-wall region and central region, which are calcu
lated separately with their local vapor thermal parameters. Tvc, the 
average vapor temperature in the central region, is obtained from the 
bulk vapor temperature Tvb: 

Tvc =
Tvb⋅At −

∑N
i=0Tv,i⋅An,i

Ac
(9) 

The selection of interfacial heat transfer coefficient correlation de
pends on the range of relative Reynolds number, Red:

If Red ≤ 250 [20]: 

hvd =

(
2 + 0.74Re0.5

d Pr
1
3
v
)
⋅λv

Dt

(10a) 

If 250 < Red ≤ 450 [21]: 

hvd =

(
2 + 0.6Re0.5

d Pr
1
3
v
)
⋅λv

Dt

(10b) 

If Red > 450 [33]: 

hvd =

(
2 + 0.27Re0.62

d Pr
1
3
v
)
⋅λv

Dt

(10c) 

with 

Red =
ρv|ud − uv|d

μv
(11) 

The vapor properties are calculated according to the average vapor 
temperature of each region. The initial droplet size and droplet velocity 
are determined by Yoder’s model [34] .

According to the definition of the void fraction in Eq. (12), the ratio 
of liquid fraction can be derived as shown in Eq. (13). The liquid volume 
fractions in near-wall region (1 − αn) and central region (1 − αc) are 
obtained by combing Eqs. (13) and (14). 

α =
1

1 + S
ρv

ρd

(
1 − xa

xa

)
(12) 

1 − αc

1 − αn
=

md,c

md,n
⋅
ud,n

ud,c
⋅
An

Ac
(13) 

(1 − αn)An + (1 − αc)Ac = (1 − α)At (14) 

S is the slip ratio and is calculated by [34]: 

S =
Uv

Ud
= 1 + 2.31

[
ρd

ρv

1
xa

qʹ́
w

GLatentCD

d
Dt

]0.5
(15) 

ud,n
ud,c 

is the ratio of the droplet axial velocity in the near-wall region (ud,n) 

Fig. 4. Evaporation and deposition of droplets in the new two-region model.

Fig. 5. Streamline velocity of vapor and droplet in Lee (1982) [35].
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to that in the central region (ud,c). According to Lee’s experimental data 
[35] shown in Fig. 5, the droplet axial velocity changes slightly as 
approaching to the near-wall region. Therefore, in this paper the droplet 
axial velocity difference between the two regions is ignored. The liquid 
fractions in both regions are determined based on the ratio of droplet 
mass flux in two regions.

After obtaining the values of Qvd,n and Qvd,c, the changes in droplet 
mass flow are iterated across the two regions over the distance of Δz. 
This allows for the calculation of the mass flow rate at the outlet of the 
current step, which also serves as the inlet for the next step: 

md,c1 = md,c0 − mdep,c− n −
Qvd,c

Latent
(16) 

md,n1 = md,n0 + mdep,c− n −
Qvd,n

Latent
(17) 

The amount of droplet deposition between the two regions, mdep,c− n, 
need to be determined and is discussed in the next section. The steam 
quality at this elevation can be iterated with: 

xa = 1 −
md,c1 + md,n1

min
(18) 

Where min is the total mass flow rate at the inlet of the test section.

2.3. Droplet deposition between two regions

Previous research on droplet deposition has shown that droplets in 
the gas tend to move toward the wall. This droplet deposition phe
nomenon is caused by the radial fluctuation velocity of the gas phase. 
Fig. 6 presents a schematic of the dimensionless gas fluctuation velocity 
profile v́ +, depicted by a purple line based on the work of Laufer [36]. 
The radial velocity fluctuation of the vapor increases from the wall to the 
near-wall region and then slightly decreases as it approaches the tube 
center. The near-wall region extends from the wall to y+cr = 300, where 
there is a high gradient of vapor velocity fluctuation. To address droplet 
lateral movement within this region, the near-wall region is divided into 
the wall boundary region and the transition region, with y+cw = 30 as the 
separation line. The wall boundary region and transition region have 
droplet concentrations Cnw and Cnt respectively. The droplet concen
tration in the central region is denoted as Cc. Simulation results from the 
previous CFD investigation [29] on droplet behavior in the PDO region 
show that the droplet concentration profile has a V-shaped distribution 
under turbulent dispersion, as represented by a green line in Fig. 6. In 
combination with the vapor velocity fluctuation profile, droplets gain 

momentum and exhibit random motion within the flow due to the sto
chastic fluctuations of vapor phase. Droplets are distributed radially 
according to the vapor velocity fluctuation profile. As a result, a con
centration valley forms in the transition region following the profile of 
vapor fluctuation velocity. The droplet lateral movement from the 
central region to the near-wall region can thus be approximated as being 
driven by the concentration difference between the central region and 
the transition region.

The deposition rate from central region to the near-wall region is 
calculated with particle diffusion equation: 

mdep,c− n = (D + εd)
dC
dy

Acr (19) 

Where εd is the droplet turbulent diffusivity, D is the molecular diffu
sivity, and Acr is the deposition area, representing the surface area of the 
boundary between the central region and the near-wall region. dy is the 
distance between the centers of the central region and the near-wall 
region.

dC is the concentration difference between central region to the 
transition region, which can be estimated by the difference of Cc and Cnt.

The droplet concentrations in the central and near-wall regions are 
calculated using the void fraction: 

Cc = (1 − αc) ⋅ρd (20) 

Cn = (1 − αn) ⋅ρd (21) 

To calculate the net deposition rate, the droplet concentration within 
the transition region Cnt is required.

In Eq. (19), compared to turbulent dispersion [37,38], molecular 
diffusion is too small to be considered and is therefore ignored. In tur
bulent flow, the vapor exhibits velocity fluctuations randomly in various 
directions. Droplets entrained in the turbulent vapor flow are influenced 
by these fluctuations; however, droplets respond to the vapor fluctua
tion with a certain delay due to their inertia. The parameter η2

e is 
introduced to quantify the difference between vapor and droplet fluc
tuations. From Lee [38] and Hinze [39], for short diffusion times, the 
droplet turbulent diffusivity εd can be expressed as: 

εd = η2
e ⋅εv (22) 

Where εv is the vapor eddy viscosity and η2
e is the fluctuation amplitude 

ratio of the droplet to that of the vapor in the turbulent core. By 
obtaining the εv and η2

e , the droplet turbulent diffusivity can be calcu
lated. These two parameters need modifications to fit the PDO condi
tions.

The following sections detail the calculations of the three unknown 
parameters, Cnt, εv and η2

e , in current deposition model.
Calculation of Cnt:
Based on the mechanism of lateral droplet movement near the wall, 

the droplet concentration within the wall boundary region is governed 
by the probability of droplets entering versus exiting this region, which 
is influenced by the disparity in vapor fluctuation velocities between the 
transition and wall boundary regions. Thus, the droplet concentration 
ratio cow between the wall boundary region and the transition region can 
be quantitatively represented by the ratio of their respective average 
vapor fluctuation velocities v́v: 

Cnw

Cnt
=

v́v,nw

v́v,nt
= cow (23) 

The Laufer’s experimental data [36] is displayed in Fig. 7. Beal [40] 
fitted the experiment data and got correlations below: 

v́v
u∗

= 0.05y+ 0 ≤ y+ ≤ 10 (24a) 

Fig. 6. Profiles of vapor fluctuation velocity and droplet concentration.
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v́v
u∗

= 0.5 + 0.0125(y+ − 10) 10 ≤ y+ ≤ 30 (24b) 

It should be mentioned that the profile in Eqs. (24a) and (24b) was 
obtained under single-phase vapor conditions. Under PDO conditions, 
the presence of droplets and their evaporation in the near-wall region 
may slightly modify the profile. However, this effect is not considered in 
the current work. Therefore, the average fluctuation velocity in the wall 
boundary region and the transition region can be estimated as follows: 

v́v,nw = 0.48u∗ (25a) 

v́v,nt ≈ 0.93u∗ (25b) 

cow = 1.9375 (25c) 

With this ratio the droplet concentration in the transition region can 
be calculated: 

Cnt =
Cn⋅An

Ant + cow⋅Anw
(26) 

Calculation of εv:
The eddy vicosity of vapor εv is considered as not constant across the 

turbulent core. Kays [41] and Reichardt [42] fitted the radial profile of 
vapor eddy viscosity as: 

εv =
kΘr0u∗

6

[

1 −

(
r
r0

)2][

1 + 2
(

r
r0

)2]

(27) 

r is the radial distance to the tube center, and r0 is radius of the tube. Eq. 
(27) is referred by the single phase experiment. To implement it for the 
dispersed flow, the Eq. (27) need to be modified considering the droplet 
evaporation effect.

From the work of Reichardt [42], the Eq. (27) is used for generating a 
profile of dimensionless axial velocity u+. A relationship between the u+

and εv can be found as: 

εv =

μy+
r d

(
r
r0

)
2

d(u+)

(28) 

y+r is ru∗

μ/ρ . The u+ correlation for single phase flow is then obtained in 
Reichardt [42] by the combination of Eq. (27) and (28): 

u+ = 2.5ln

⎛

⎜
⎜
⎝y+

1.5
(

1 +
r
r0

)

1 + 2
(

r
r0

)2

⎞

⎟
⎟
⎠+ 5.5 (29) 

In the PDO region, droplets absorb heat from the vapor and evapo
rate into vapor, which in turn modifies the vapor velocity profile. 
Therefore, when the u+ profile in Eq. (29) is applied to decsribe the 
velocity profile in the PDO region, it shows a slight difference with the 
CFD simulated u+ profile [25,29]. Thus, the u+ correlation is modified to 
better represent two-phase flow conditions, based on the CFD-simulated 
vapor velocity profile from [25,29], as given in Equations (30): 

u+ = 2.5 ⋅cofu ⋅ln

⎛

⎜
⎜
⎝y+

1.5
(

1 + r
r0

)

1 + 2
(

r
r0

)2

⎞

⎟
⎟
⎠+ b1 (30a) 

cofu = 0.88Pr0.3
vwbPr0.1

s (30b) 

The cofu accounts for the effect from droplet evaporation on the vapor 
velocity profile. It is related to the vapor Prandtl number at the satu
ration temperature Prs and the average of the wall and bulk tempera
tures Prvwb. Therefore, from Eqn 28 and 30a, the εv in PDO region, 
accounting for the droplet evaporation effect can be rewritten as: 

εv =
kΘr0u∗

6⋅cofu

[

1 −

(
r
r0

)2][

1 + 2
(

r
r0

)2]

(31) 

Calculation of η2
e

The parameter η2
e represents the lag effect of droplet motion relative 

to vapor fluctuation. For smaller particles, which are light enough to be 
carried by the continuous flow, η2

e ≈ 1. However, droplets are larger in 
size and cannot follow the turbulent components of the vapor. There
fore, to accurately describe droplet motion in the PDO region, the η2

e 
needs to be modified to consider the relative displacement between the 
droplets and the vapor phase.

The calculation of η2
e is based on the turbulence analysis by Hinze 

[39]: 

η2
e = [1 + f1(ωe)]

2
+ f2

2 (ωe) (32) 

Where 

f1(ωe) =

ωe

(

ωe + c
̅̅̅̅̅̅̅̅
πωe

2

√ )

(b − 1)
(

a + c
̅̅̅̅̅̅πωe
2

√
)2

+

(

ωe + c
̅̅̅̅̅̅πωe
2

√
)2 (33a) 

Fig. 7. Profile of dimensionless fluctuation velocity of gas in radial direction.
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f2(ωe) =

ωe

(

a + c
̅̅̅̅̅̅̅̅
πωe

2

√ )

(b − 1)
(

a + c
̅̅̅̅̅̅πωe
2

√
)2

+

(

ωe + c
̅̅̅̅̅̅πωe
2

√
)2 (33b) 

The ωe is the most energetic frequency of fluid oscillation [43]: 

ωe = 67.6Re0.43 (34) 

a represents the interfacial drag effect. b refers to the vapor acceleration 
effect. c accounts for the effect of deviation in the flow pattern from 
steady state.

In the previous model of Hinze [39], a was calculated according to 
Stoke’s law: 

a =
36μ

(2ρd + ρv)d2 (35) 

But the droplets are larger in size compared to solid particle. Here, a 
drag force considering the spherical drag law is included. Eq. (35) can be 
rewritten as: 

a =
36μ

(2ρd + ρv)d2τ (36) 

Where 

τ =
24

CDRed
(37) 

CD is the drag coefficient. Previously, the CD = 24/Red, which means τ =
1. In the proposed model, the CD is calculated using the correlations 
developed from Morsi and Alexander [44], the same as the model used 
in previous CFD simulation [25]: 

CD = a1 +
a2

Red
+

a3

Re2
d

(38) 

The value of a1, a2, a3 change with the range of Red [44].
With the obtained Cnt , η2

e and εv, Eqn 19 for calculating droplet 
deposition mass flow rate in the PDO region is rewritten as: 

mdep,c− n = η2
e
kΘr0u∗

6⋅cofu

[

1 −

(
r
r0

)2][

1 + 2
(

r
r0

)2] dC
dy

Acr (39) 

Among them, 

r = rcr (40a) 

dC = 2(Cc − Cnt) (40b) 

dy =
rcr + r0

2
(40c) 

Acr = 2πrcrΔz (40d) 

Where the rcr is the radial position marking the boundary between the 
near-wall region and the central region, corresponding to y+ = 300.

3. Model assessment and discussion

In this section, the proposed model is assessed with KIT R-134a PDO 
experimental data [4,5] and KTH water PDO experimental data [2]. The 
experimental data points with void fraction at the dryout point over 80 
% are selected from the database and used for the model assessment. The 
predicted wall superheating by the proposed model is compared with 
the experimental data. The calculated heat transfer coefficient (htc) is 
compared with existing models from the literature. The profile of the 
predicted wall superheat is analysed using intermediate parameters 
obtained during the prediction.

3.1. Assessed with KIT R-134a experimental data

The database used for the model assessment comes from Karlsruhe 
Institute of Technology (KIT) Model Fluid Facility (KIMOF). The 
refrigerant R-134a flows upward through a vertical round tube. This 
tube is uniformly heated and has an internal diameter of 10 mm and a 
heated length of 3000 mm. Detailed information about the test section 
can be found in the work of Köckert et al. [4] and Rensch et al. [5]. A 
total of 4760 data points are selected based on the criterion of a dryout 
void fraction greater than 80 %. Here are the parameter ranges of the 
selected KIT R-134a experiment parameters:

Working Fluid: R-134a

Heated Length: 3000 mm
Tube Inner Diameter: 10 mm
Pressure Range: 1.10 – 3.25 MPa
Mass Flux: 300 – 1500 kg/(m2 ⋅ s)
Heat Flux 20 – 140 kW/m2

3.1.1. Assessment with wall temperature
In Fig. 8, the scatter plot compares the wall superheating predicted 

by the proposed model with experimentally measured values, based on 
the 4760 data points from KIT R-134a. It can be observed that significant 
deviations between predicted and measured wall superheating pre
dominantly occur in regions close to the dryout point. A detailed error 
analysis of all data points reveals that the majority of points with larger 
deviations fall within 0.2 m downstream of the dryout location. This 
corresponds to the period of wall temperature jumping, where the flow 
has not yet stabilized into a dispersed flow, referred to as the developing 
PDO region. According to the experimental work of Morse et al. [45], in 
this region, the base film ruptures due to continuous evaporation and 
entrainment, temporarily exposing sections of the heated surface to 
vapor, leading to localized temperature increases. However, as distur
bance waves propagate downstream, they intermittently rewet these dry 
areas, resulting in a fluctuating wet-dry surface condition. Due to the 
periodic wetting and drying induced by disturbance waves, the 
measured wall temperature oscillates. The final recorded wall temper
ature from experiment represents the time-averaged value over a certain 
period. Therefore, the wall temperature in the developing region de
pends on the frequency of the disturbance waves and dry fraction. The 
flow regime in the developing PDO region is a transition between 
annular flow and dispersed flow [45]. Since the proposed model is 

Fig. 8. Comparison of predicted wall superheating and KIT R-134a measured 
wall superheating.

Z. Xia and X. Cheng                                                                                                                                                                                                                            International Journal of Heat and Mass Transfer 245 (2025) 127035 

8 



developed for fully developed post-dryout heat transfer, all points 
within 0.2 m downstream of the dryout location are marked with black 
dots. It can be observed that the majority of predictions with errors 
exceeding the ±10 % margin correspond to these points in black dots. 
The red dots in Fig. 8 refer to the points fall within the developed PDO 
region. Approximately 92 % of the 3821 red data points in the developed 
PDO region fall within the ±10 % error range. This indicates the high 
reliability of the model in predicting heat transfer in the developed PDO 
region.

3.1.2. Analysis with heat transfer correlations
Four models from the literature, i.e. Groeneveld equilibrium corre

lation [9], Chen non-equilibrium correlation [13], Rohsenow 
non-equilibrium differential model [14], and Yu non-equilibrium 
mechanistic model [23], are selected for comparison with the pro
posed model. To quantitatively evaluate the predictive performance of 
these models, the heat transfer coefficient htc is defined with Eq. (41): 

htc =
qʹ́

w
Tw − Ts

(41) 

For each data point, the error parameter is defined by: 

error(i) =
htccal(i) − htcexp(i)

htcexp(i)
(42) 

Where htccal(i) is the predicted heat transfer coefficient of the ith point, 
calculated with the predicted wall temperature. htcexp(i) is the measured 
heat transfer coefficient, calculated by the measured wall temperature. 
Moreover, the mean error (ME) and root-mean-square value (RMS) of 
the error parameter are calculated by: 

ME =
1
n
∑n

i=1
error(i) (43) 

RMS =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
1
n
∑n

i=1
error(i)2

√

(44) 

Accordingly, Table 1 presents the prediction errors of the proposed 
model and the four selected models from the literature against the KIT R- 
134a experimental database. As can be seen, the Yu [23] mechanistic 
model, as well as the proposed mechanistic model, performs better 
compared to other correlations. The proposed model, with a mean error 
of − 0.6 % and an RMS of 18.87 %, achieves the best prediction accuracy 
among the four selected models. The comparison with models from the 
literature demonstrates an obvious improvement in proposed model.

3.1.3. Parameter analysis
In the PDO region, the wall temperature profiles exhibit two possible 

trends: increasing or decreasing with steam quality increase. Fig. 9 il
lustrates the wall superheating profiles at mass flux of 300 kg/m²s and a 
pressure of 2.8 MPa, which displays an increase in wall superheating as 
heated length increases. Although the proposed model slightly un
derestimates the wall temperature, it accurately captures the tempera
ture profile at low mass flux and also the effect of heat flux: higher heat 
flux results in larger wall temperature jumps and an increased maximum 
wall temperature in PDO region.

The predicted bulk vapor superheating at different heat flux is 
plotted against the dimensionless distance from dryout point, repre
sented by the difference between equilibrium quality xe and the steam 
quality at dryout point xdo in Fig. 10. Since the proposed model assumes 
thermal equilibrium condition at dryout, the vapor superheating starts 
from 0 and increases as the heated length increases. It can be seen that 
cases with different heat fluxes have similar profiles of vapor super
heating. At the end of the heated length, the vapor superheating reaches 
its maximum value of 30 K.

The predicted heat transfer coefficients by proposed model, htcvb, are 
calculated according to Eq. (45) to illustrate the variation of convective 
heat transfer under different conditions. 

htcvb =
qʹ́

w
Tw,cal − Tvb

(45) 

Where Tw,cal and Tvb are predicted wall temperature and bulk tempera
ture predicted by the proposed model. In Fig. 11, it can be seen that the 
three cases under different heat flux have close profiles of htcvb. The htcvb 
has an increasing trend in developed PDO region since the droplet 
evaporation increases the vapor mass flux, enhancing the wall vapor 

Table 1 
Assessment of various models of PDO heat transfer based KIT R-134a experi
mental data.

ME % RM S%

Proposed model − 0.6 18.87
Yu model [23] 4.39 24.35
Groeneveld model [9] 17.22 44.13
Chen model [13] − 25.00 48.39
Rohsenow model [14] 41.20 52.91

Fig. 9. Wall superheating comparison between the proposed model and 
experimental data at low mass flux of pressure 2.8 MPa.

Fig. 10. The predicted bulk vapor superheating under low mass flux.
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convective heat transfer. However, since the degree of vapor super
heating continuously increases at a relatively large rate, the effect of 
vapor superheating is stronger than the enhancement on convective heat 
transfer. Consequently, wall superheating steadily rises in the PDO 
region.

Fig. 12 presents the wall superheating profiles for a high mass flux of 
1500 kg/m²s at 1.1 MPa, where a decrease in wall temperature occurs in 
the developed PDO region. The proposed model effectively reproduces 
this behavior.

Fig. 13 displays the predicted vapor superheating under high mass 
flux. Under these conditions, the vapor superheating profiles for 
different heat fluxes exhibit similar trends. The rate of increase in vapor 
superheating is slower and smaller compared to that at low mass fluxes. 
The heat transfer coefficients htcvb under high mass flux for three 
different heat fluxes are also displayed in Fig. 14. The profile of htcvb 
demonstrate an initial decline, followed by a significant increase in the 
developed PDO region. Since the enhancement in the heat transfer co
efficient outweighs the effect of the slowly rising vapor superheating, 
the wall temperature decreases under high mass fluxes.

The analysis of the results at different mass fluxes and heat fluxes 
reveals that variations in heat flux do not significantly affect the heat 

transfer pattern in the proposed model. Instead, mass flux is the primary 
factor influencing the wall temperature trend in the PDO region. To 
minimize the impact of other parameter variations, results obtained for 
three mass fluxes at the same pressure and similar heat flux are selected 
for further analysis. Fig. 15 presents the profiles of wall superheating at a 
pressure of 1.6 MPa (reduced pressure of 0.4) for various mass fluxes. 
The proposed model captures the trend of PDO wall superheating well in 
different mass fluxes.

To understand the difference in wall superheating profiles predicted 
by the proposed model, the vapor temperature and interfacial heat 
transfer are displayed in Fig. 16 and Fig. 17. Fig. 16 indicates that the 
rates of increase in vapor superheating under different mass fluxes vary 
significantly. At low mass flux, the maximum bulk vapor superheat 
reaches 30 K, while at high mass flux, it is only 5 K. This difference in 
vapor superheating can be explained in Fig. 17, which displays the ratio 
of total interfacial heat transfer power Qvd to total heat power from the 
heated wall Qw. It shows that the proportion of interfacial heat transfer 
under different mass fluxes varies significantly. At low mass flux, the 
interfacial heat transfer proportion is only about 40 %, while at high 
mass flux, it approaches nearly 100 %. Analysis of intermediate pa
rameters reveals that the disparity in interfacial heat transfer is 

Fig. 11. The predicted heat transfer coefficient htcvb under low mass flux.

Fig. 12. Wall superheating comparison between the proposed model and 
experimental data at high mass flux of pressure 1.1 MPa.

Fig. 13. The predicted bulk vapor superheating under high mass flux.

Fig. 14. The predicted heat transfer coefficient htcvb under high mass flux.
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primarily due to the higher xdo and the smaller droplet size caused by 
increased vapor velocity at high mass flux, which leads to a higher 
droplet interfacial area concentration. Consequently, interfacial heat 
transfer efficiency is significantly enhanced under high mass flux con
ditions, resulting in reduced and slower vapor superheating. Addition
ally, the convective heat transfer under high mass flux is highly efficient 
due to a higher Reynolds number. As a result, the predicted wall tem
perature shows a decreasing trend in the developed PDO region.

3.2. Assessed with KTH experimental data in water

The KTH experimental data with water [2] is selected to further 
evaluate the proposed model. The KTH experiment is conducted in a 
vertically oriented tube, which is electrically and uniformly heated, with 
water flowing upwards. A total of 3968 data points, meeting the crite
rion of a void fraction greater than 80 %, are selected for assessment. 
Here are the parameter ranges of the selected data points:

Working Fluid: Water

Heated Length: 7000 mm

(continued on next column)

(continued )

Working Fluid: Water

Tube Inner Diameter: 14.9 mm, 10 mm
Pressure Range: 3 – 16 MPa
Mass Flux: 500 – 3000 kg/(m2 ⋅ s)
Heat Flux 147 – 1295 kW/m2

3.2.1. Wall superheating
Fig. 18 presents a comparison of the predicted and measured wall 

superheating based on KTH water data. To ensure the data represent the 
fully developed PDO region, 3003 points located >0.5 m away from the 
dryout points are included. The scatter plot reveals a slightly larger 
deviation compared to the previous R-134a data. Despite this, approx
imately 87 % of the data points fall within a ± 30 % error margin, and 71 
% fall within a ± 20 % margin, indicating that the model demonstrates 
reasonable predictive accuracy for the water dataset.

Fig. 15. Wall superheating comparison between proposed model and experi
mental data under various mass fluxes.

Fig. 16. The predicted bulk vapor superheating under various mass fluxes.

Fig. 17. The predicted ratio of interfacial heat transfer power and total heat 
power from the wall under various mass fluxes.

Fig. 18. Comparison of predicted wall superheating with the measured wall 
superheating.
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3.2.2. Analysis with heat transfer coefficient
As the assessment with R-134a data, the prediction errors for the heat 

transfer coefficient in the water dataset are calculated according to Eqn 
41 - ) and compared with the four selected models, as summarized in 
Table 2. Among these models, Rohsenow’s model [15] demonstrates the 
smallest mean error of − 3.91 % and a relatively small RMS error of 
29.07 %. However, considering its poor performance with the R-134a 
experimental data, its better performance with the water dataset may be 
attributed to their Nusselt correlation, which is correlated by water and 
Freon-12 experimental data. In contrast, the proposed model still per
forms well in water dataset by yielding the smallest RMS error. This 
suggests that, while the proposed model generally underpredicts the 
water PDO experimental data, it exhibits minimal error dispersion. This 
is also illustrated in Fig. 18, where the data points lie slightly above the 
diagonal line, indicating a slight underestimation of the heat transfer 
coefficient.

3.2.3. Parameter analysis
Fig. 19 and Fig. 20 present the profiles of wall superheating for water 

at different heat fluxes under low and high mass fluxes, respectively. 
Consistent with the trends observed for R-134a in Fig. 9 and Fig. 12, the 
wall superheating in water exhibits a gradual increase at low mass fluxes 
and a reduced slope under high mass fluxes in the developed PDO re
gion. Differently, wall superheating in the PDO region for water is 
significantly higher than that observed for R-134a. In Fig. 19, the pre
dicted profile of wall superheating aligns closely with the experimental 
results at different heat fluxes under low mass flux. Despite localized 
deviations as heat flux increases, the overall trend of the wall super
heating profile is well captured. Fig. 20 shows the wall superheating 
profile at high mass flux under different heat fluxes. Although the model 
slightly overpredicts the wall superheating, it successfully captures the 
decreasing trend of wall superheating at high mass fluxes. These results 
demonstrate that the model effectively predicts the wall superheating 
trends of water under both low and high mass flux conditions.

The actual vapor superheating and the interfacial heat transfer for 
water cases are also analysed. As shown in Fig. 21, the vapor super
heating increases linearly with equilibrium steam quality at low mass 
flux, reaching up to 60 K. However, in Fig. 22, the vapor superheating at 
high mass flux initially rises more steeply due to the sharp jump in wall 
temperature. In the developed PDO region, the increase in vapor 
superheating becomes less pronounced.

Analysis of interfacial heat transfer in Fig. 23 and Fig. 24 reveals that, 
at high mass fluxes, the proportion of interfacial heat transfer rapidly 
increases from zero to a dominant value, stabilizing at approximately 90 
%. Conversely, at low mass fluxes, the proportion of interfacial heat 
transfer rises more gradually, peaking at around 60 %. As the heated 
length further increases, droplet consumption reduces the droplet con
centration, leading to a slight decrease in the proportion of interfacial 
heat transfer.

4. Conclusion

The present model introduces a two-region model for describing the 
process of interfacial heat transfer in PDO region. The following results 
are obtained from the analyses of post-dryout heat transfer in upward 

flow within a uniformly heated vertical tube, and its assessment with 
experimental data obtained in water and R134a: 

1. Previous CFD simulations [25,29] have revealed significant radial 
temperature gradient in the vapor phase, suggesting that using bulk 
vapor temperature to predict interfacial heat transfer, as in the 
earlier PDO mechanistic models, is inadequate. To address this lim
itation, this paper introduces a two-region model that considers the 
droplet evaporation in central region and near-wall region sepa
rately. A radial vapor temperature profile is fitted for interfacial heat 
transfer calculations. A new approach for counting the droplet lateral 
movement between the central and near-wall regions is also 
incorporated.

2. Based on the single-phase correlation from literature and vapor pa
rameters from CFD PDO simulations [25,29], an improved correla
tion for radial vapor temperature profile is fitted, which can account 
for the modifications of droplet evaporation on the vapor tempera
ture distribution.

3. Since existing deposition correlations are inadequate for predicting 
droplet movement from the central region to the near-wall region, a 

Table 2 
Comparison of the predicted heat transfer coefficient with the KTH experimental 
data.

ME % RM S%

Proposed model − 11.68 27.69
Rohsenow model [15] − 3.91 29.07
Yu model [23] − 13.36 29.68
Chen model [13] − 23.13 51.39
Groeneveld model [9] 58.31 100.16

Fig. 19. Comparison of the predicted wall temperature with measured results 
at low mass flux of pressure 16MPa.

Fig. 20. Comparison of the predicted wall temperature with measured results 
at high mass flux of pressure 5MPa.
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new deposition correlation tailored to the two-region framework is 
derived. For applicability to post-dryout heat transfer, this correla
tion is further refined by incorporating vapor velocity profiles fitted 
from CFD simulations [25,29] and accounting for the drag force on 
large droplets.

4. Total >8000 data points from KIT R-134a and KTH water data points 
are selected to assess the proposed model. For R-134a, 92 % of the 
data points fall within a ± 10 % error margin for wall superheating, 
while for water, 87 % of the data points fall within a ± 30 % error 
margin. Validation against experimental wall temperature data for 
both fluids demonstrates that the model effectively predicts wall 
superheating in the developed PDO region across a wide range of 
operating conditions and working fluids.

5. When comparing the heat transfer coefficient with four existing 
prediction models from the literature, the proposed model demon
strates significantly improved accuracy for KIT R-134a data and 
slightly better performance for KTH water data. These results indi
cate that the present model provides reliable predictions on PDO 
heat transfer, offering a substantial improvement over existing 
models.

6. With the present mechanistic model, two different behaviours of wall 
superheating at different mass fluxes can be well explained. When 
the effect of increased wall vapor convection outweighs the rise in 
vapor superheating, the wall superheating exhibits a decreasing 
trend. Conversely, when the vapor superheating increase dominates, 
the wall superheating continues to rise.

The proposed model demonstrates the good ability to predict post- 
dryout heat transfer across a wide range of flow conditions and fluids. 
However, it underestimates the post-dryout heat transfer in the case of 
water and requires further investigations. Additionally, considering the 
sensitivity of post-dryout heat transfer to droplet size, an improved 
droplet size model that accommodates different fluids and flow condi
tions needs to be considered. Moreover, in the developing PDO region, 
where the disturbance wave plays an important role, droplets may fall 
back to wet the heated wall, leading to efficient heat transfer. To 
improve the predictive capability for this region, future work will 
incorporate the mechanism of disturbance wave and wall-droplet con
tact heat transfer during the intermittent dryout. Furthermore, if the 

Fig. 21. The predicted bulk vapor superheating under low mass flux.

Fig. 22. The predicted bulk vapor superheating under high mass flux.

Fig. 23. The predicted ratio of interfacial heat transfer power and total heat 
power from the wall under low mass flux.

Fig. 24. The predicted ratio of interfacial heat transfer power and total heat 
power from the wall under high mass flux.
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proposed model is to be extended to conditions with much higher wall 
temperatures in the future, radiative heat transfer may need to be 
considered. In such cases, the emissivity must be carefully evaluated.
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