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ABSTRACT 

A numerical and experimental study has been carried out 
on the heat transfer and fluid flow in a PHE. By means of a 
high-performance computing cluster, large-size and no-
simplified plates can be simulated with 67 million 
computational cells. A new approach providing a proper 
clearance between two adjacent corrugated plates is proposed 
to improve the mesh quality around the contact points. The 
clearance value and the influence on the mesh quality and 
computational results are carefully studied. The results show 
that the ratio of clearance c to equivalent diameter De equals to 
0.02 is proper. The CFD results agree with the experimental 
results with an error less than 10%. The proposed approach is 
proved to be effective and practical because it can increases the 
grid quality without losing the accurate of the results. This 
paper shows that CFD is a reliable tool for studying effect of 
various geometrical configurations on the optimum design of a 
PHE. 

 
INTRODUCTION 

Nowadays, the plate heat exchanger (PHEs) are widely 
used in many industrial applications [1]. With the rapid 
development of manufacturing technology, the welded plate 
heat exchanger can be applied in the temperature range from -
200℃ to 900℃ and the pressure range is from full vacuum to 
20MPa, which attracts more and more attention [2]. 
Computational fluid dynamics [3-5] (CFD) can be a useful tool 
for studying PHE in the following areas: thermal analysis, 
pressure drop, flow distribution, fouling and phase-change [6-
11]. Extensive CFD works have been carried out on PHEs. The 
latest works are reported as follows. 

Han et al.[7] investigated the temperature, pressure and 
flow distribution by CFD. When the fluid flows around the 
contact points, the speed and the direction will change 
dramatically. The physical models for the simulation were: the 
plate area Ap=0.2 m2, the equivalent diameter De=7 mm and the 
computational cell number Nc=2.6 million.  

Gherasim et al.[8] studied a 3D CFD model which 
considers more complex and realistic geometry of the 
distribution region. A comparison between experimental and 
numerical data has been conducted. The parameters were: the 
length of plate Lp=390 mm, the width of plate Wp=114 mm, 
De=7 mm, the mesh interval δ=0.6 mm and Nc=9.6 million.  

NOMENCLATURE 
A [m2] Area 
dp [Pa] Pressure drop 
D [m] Diameter 
h [W/(m2K)] Heat transfer coefficient 
j [-] Heat transfer factor 
L [m] Length of plate 
N [-] Number 
Nu [-] Nusselt number 
P [mm] Pitch of corrugation 
Pr [-] Prandtl number 
q [-] Mesh quality (aspect ratio for tetrahedron) 
Q [W] Capacity 
Re [-] Reynolds number 
V [m/s] Velocity 
W [m] Width of single plate 
t [m] Clearance of two stacked plates  
T [K] Temperature 
x [m] Cartesian axis direction  
y [m] Cartesian axis direction  
z [m] Cartesian axis direction  
 
Special characters 
β [︒] Inclination angle of two corrugations 
δ [mm] Mesh interval 
μ [Pas] Dynamic viscosity 
 
Subscripts 
c  Computational cell 
e  Equivalent 
p  Plate 
w  Wall 
in  Inlet 

 
Tiwari et al.[9] analyzed the heat transfer and fluid flow in 

a PHE using nano-fluids. Validation of the CFD model 
suggests that considering the nano-fluid a homogeneous 
mixture, the simulations can be predicted reasonable accurate. 
The mesh information was: δ=0.5 mm, Nc=9.4 million. 

Luan et al.[10] investigated the 3D geometry of PHE 
without simplification. The CFD results agree with the 
experiment result well. The parameters were: Lp=300 mm, 
Wp=300 mm, De=10 mm, δ=0.5 mm and Nc=27 million.  

Giurgiu et al.[11] studied two types of heat exchangers 
with different geometry of the mini channel formed between 
two adjacent plates. The results obtained through numerical 
simulations showed that the PHE model using mini channel 
with inclination angle β=60︒ provided best heat transfer. The 
parameters of numerical model were Lp=40 mm, Wp =20 mm, 
De=1 mm and Nc=13.8 million. 
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accuracy of the CFD results is low. In this paper, 
comprehensive efforts are paid for defining the scale of 
clearance. At last, a clearance c varying between 0.0 mm~0.6 
mm is studied. The results are shown in the next section. 

The mesh interval is 0.5 mm in the corrugated plate region 
R3, 1.0 mm in the transition region R2 and R4, and 5.0 mm in 
inlet extended region R1 and outlet extended region R5. The 
mesh method is OCTREE (details can be found in reference 
[12]), and the mesh type is Tetrahedron. The OCTREE mesh 
method is based on the following spatial subdivision algorithm. 
The algorithm ensures refinement of the mesh where necessary, 
but maintains large element where possible, allowing faster 
computation. Once the “root” tetrahedron, which enclose the 
entire geometry, has been initialized, tetra subdivides the root 
tetrahedron until all element size requirements are met. A 
tetrahedron has 4 vertices, 6 edges, and is bounded by 4 
triangular faces.  
 
Fluent Solves Setup 

In the FLUENT solves, the setup of boundary conditions 
and turbulence model is very important.  

(1) In the upstream region. The upstream region includes 
two parts: the inlet extended region R1 and transition region R2. 
The velocity and temperature are constant at the inlet boundary. 
In all the simulations, the inlet temperature is 300K. Velocity-
inlet boundary conditions are applied to the inlet boundary and 
wall boundary conditions are applied on the side boundaries. 
The thermal boundary on the wall is set as a heat flux of 0 
W/m2. It means that the fluid flows in upstream region without 
heat transfer. The heat transfer happens just in the plate region. 

(2) In the downstream extended region. The downstream 
region includes two parts: the outlet extended region R5 and 
transition region R4. For all the variables the stream-wise 
gradients are set to zero at the outlet boundary named outflow 
boundary condition. Wall boundary conditions are applied to 
the side boundaries. The thermal boundary on the wall is set as 
a heat flux of 0 W/m2. It means that the fluid flows in 
downstream region without heat transfer. The heat transfer 
happens just in the plate region. 

(3) In the plate region R3. Wall boundary conditions are 
applied to the boundaries. A constant temperature of 330K is 
defined on the plate surface region.  

(4) Turbulence model. The Realizable k-ε model is 
adopted and the near wall treatment uses the enhanced wall 
treatment. This choice based on previous experience. 

(5) Water is the fluid with constant properties at the 
temperature of 273.15K. 

RESULTS AND DISCUSSION 
 
The Comparison of Different Clearances c/De  

During the optimization of a PHE using CFD, the problem 
of how to create a high-quality mesh inside complex and 
irregular channels is important. The reason is that low-quality 
meshes are easily inducing divergence in the computational 
process and the process is  terminated. 

In ICEM, the mesh quality for Tetra element equals to 
aspect ratio [12]. The definition of the aspect ratio for a Tetra 
element is [12]: Aspect	ratio = (volume (circumscribed	radius)ଷ⁄ )ୟୡ୲୳ୟ୪(volume/(circumscribed radius)3)ideal

 

The values are scaled, so that an aspect ratio of unity 
corresponds to a perfectly regular element, while an aspect ratio 
of zero indicates that the element has a zero volume (a flat 
tetra). Refining the surface mesh size or increasing the offset 
distance will help to increase the aspect ratio. In this paper, to 
improve the mesh quality around the contact points of two 
adjacent corrugated plates, a new approach providing  a proper 
clearance between two adjacent plates is studied.  

After mesh generation, the computational cell number Nc 
is about 67 million. Figure 5 shows a shell mesh and a volume 
mesh by tetrahedron. 

 
(a) Shell mesh display 

 
(b) Volume mesh display 

Figure 5 Mesh display 
 

Figure 6 illustrates the histogram of the mesh quality for 
tetrahedron elements. In the figure, the horizontal axis 
represents mesh quality q (equals aspect ratio for tetrahedron) 
and the vertical axis represents the computational cell number 
Nc, separately. Different clearance c=0~0.6 mm are studied. For 
c/De=0, it can be seen the lowest mesh quality less than 0.05 
and there are many cells whose quality below 0.3. For 
c/De=0.02, the lowest mesh quality is above 0.3. For c/De=0.04, 
the lowest mesh quality is above 0.4. For c/De=0.06, the mesh 
quality is almost above 0.5. From this comparison, it can be 
seen that as the clearance is increased, the mesh quality is 
obviously upgraded and also the number of poor cells is greatly 
decreased. 
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Figure 6 The histogram of mesh quality 

 
Although the clearance is favorable to improve the mesh 

quality, the influence of such treatment on the results also needs 
to be investigated. Careful work has been done and the results 
are shown in Figure 7 and Figure 8. Figure 7 shows the 
comparison of the heat transfer coefficient h for different c/De. 
It can be seen the results of c/De=0.02 agree well with those of 
c/De=0.0. However, that a large deviation occurs compared to 
c/De=0.04 and c/De=0.06. The reason is that due to the increase 
of clearance, the turbulence induced by the contact point 
becomes weaker. Meanwhile, as the Re increases from 2000 to 
10000, the discrepancy between c/De=0.0 and c/De=0.06 from 
7.5% to 10.1%. The explanation is that as the Re increases, the 
boundary layer becomes thinner, and the turbulence intensity 
influenced by contact points becomes more obvious.  

2000 4000 6000 8000 10000 12000
4000

6000

8000

10000

12000

14000

16000

18000

 

 

h[
W

/(m
2 K)

]

Re

 c/De=0.0
 c/De=0.02
 c/De=0.04
 c/De=0.06

Figure 7 Comparison of h with different c/De 

 

Figure 8 shows a comparison of the pressure drop dp for 
different c/De. The dp varies weekly between the cases of 
c/De=0.02 and c/De=0.0. Bigger deviation occurs in relation to 
the cases c/De=0.04 and c/De=0.06. Furthermore, as the Re 
increases from 2000 to 10000, the discrepancy between 
c/De=0.0 and c/De=0.06 varies from 20.8% to 56.6%. The 
reason is that the dp is greatly induced by the vortex behind the 
contact point. At high Re number, the influence of the clearance 

on the vortex becomes more and more visible, so the deviation 
is large for a big clearance. 

Table 1 gives the detail values of the CFD results as 
c/De=0.02. From the above analysis, the pressure drop is more 
sensitive than heat transfer as the clearance varies. It can be 
seen that c/De=0.02 is a proper clearance which ensures the 
computational accuracy as well as it improves the mesh quality 
obviously. Actually, in engineering, the clearance between two 
adjacent plates may occur in two cases. First case, for a cold-
pressed plate, the spring-back of the corrugations is not uniform. 
When plates are stacked, local areas of clearances without 
contact points may exist. The Chinese standard of plate heat 
exchangers [13] gives the allowable deviations between actual 
and ideal of corrugation heights. For example, when the plate 
area A≤ 0.3m2, this deviation value is ±0.1mm.	The other case, 
because a pressure difference exists between hot and cold fluids, 
the passage with high-pressure will expanded with no-contact 
points, and the passage with a low-pressure will be compressed.  

2000 4000 6000 8000 10000 12000

0

10000

20000

30000

40000

50000

 

 

dp
 [P

a]

Re

 c/De=0.0
 c/De=0.02
 c/De=0.04
 c/De=0.06

Figure 8 Comparison of dp with different clearance c/De 
 

Table 1 CFD results for c/De=0.02 
 
Vin, 

m/s
Re 

Q, 
kW 

LMTD, 
K 

h, 
kW/(m2K)

dp, 
kPa 

0.2 2040 71.9 20.9 5.41 2.74
0.3 3060 97.6 22.0 7.01 5.42
0.4 4080 122 22.5 8.62 9.05
0.5 5100 148 22.7 10.2 13.26
0.6 6120 173 22.9 11.9 18.37
0.7 7140 198 23.1 13.5 24.63
1.0 10200 262 23.5 17.6 47.75
 

Fluid Flow and Thermal Analysis 
 

Figure 9 shows the streamlines in the PHE for the inlet 
velocity 0.4 m/s and Re=4080. It can be seen that the flow 
distribution is uniform and the fluid flows through the passage 
like a zig-zag and net-type route. In the large-view, the blank 
zones responsent the contact points, and the flow pattern is 
clearly illustrated near the contact points.  
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Figure 9 Streamline  

 
Figure 10 illustrates the velocity vectors around the 

contact points. It shows that there exist small vortices behind 
the contact points. The mechanism can be explained similar to 
the flow around the bluff bodies. The fluid flow in the passage 
is interrupted by many contact points so that the turbulence is 
intensive and the heat transfer coefficient is greatly upgraded. 

 

 
Figure 10 Velocity vectors around the contact points 

 
Figure 11 shows the static pressure distribution. The value 

is decreased for the reason of friction resistance. The pressure is 
uniform perpendicular to the main flow direction, and continues 
to decrease in the main flow direction. 

Figure 12 shows the temperature distribution. Similar 
conclusions can be drawn as for the pressure distribution. The 
flow is uniform in every separate passage. Complex flow and 
temperature fields are established in the cross-corrugated 
passage, which may result in high wall-fluid heat transfer rates. 

 
Figure 11 Pressure distribution 

 
Figure 12 Temperature distribution 

 
 
Validation of  the CFD Results by Experiments 

An experimental work was conducted to validate the CFD 
results for c/De=0.02. Due to the limitation of paper length, the 
experimental is referred to the previous work [10].  

The PHE prototype is tested by the experimental system 
mentioned above. The heat transfer j factor is defined by[14]:  

0.171

3

w

j NuPr
μ

μ

−
−  

=  
 

                                              (2) 

where Nu is the Nusselt number, Pr is the Prandtl number and 
μ is the dynamic viscosity. 

The correlations of the experimental results and CFD 
results are fitted separately as below. There can be useful for 
the design and rating of PHEs. 

0.6840.236j Re=                                                   (3) 
0.6450.302j Re=                                                   (4) 

Figure 13 shows a comparison of the CFD and 
experimental results (10% error bar). It was found that the 
errors between CFD and experimental results are controlled 
with ±10% in the Re ranges from 1000 to 7000.  

1000 2000 3000 4000 5000 6000 70008000
20

40

60

80

100

 
 

 Experimental result
 Numerical result

j

Re

Figure 13 Comparison of CFD and experimental results 
(10% error bar) 
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CONCLUSIONS 
 

The paper proposes a new approach to improve the mesh 
quality of corrugated passages. Many validation works has been 
done. With the approach, a user can upgrade the mesh quality 
greatly as well as decrease the low-quality cell number with 
minimum effort. The conclusions can be summarized as: 

(1) The 3D geometry without any simplification is 
modeled. After mesh generation, the computational cell number 
Nc is about 67 million. Accompanied with the development of 
super computers, the CFD can simulate the thermodynamic 
characters of plate heat exchanger in a large scale and more 
realistic computational domains. 

(2) A tiny clearance c between two adjacent corrugated 
plates is given to improve the mesh performance around the 
contact points. For c/De 	≥	0.02, the lowest mesh quality is 
above 0.3. 

(3) The discrepancy between c/De=0.0 and c/De=0.06 is 
studied. As the Re increases from 2000 to 10000, the deviation 
of h varies from 7.5% to 10.1% and the deviation of dp varies 
from 20.8% to 56.6%, respectively. The value of the pressure 
drop is more sensitive than the value of heat transfer as the 
clearance varies. 

(4) According to massive validation works, the c/De=0.02 
is found to be a proper clearance which ensures the 
computational accuracy as well as improvement the mesh 
quality. 

(5) The error between CFD and experimental results can 
be controlled within ±10% in the Re ranges from 1000 to 7000. 

This approach is promising and practical but needs further 
investigation and optimization. 
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