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Abstract: Thermal and hydraulic performance of printed circuit heat exchanger (PCHE) has been evaluated using numerical 
methods. Also, performance at various fin configurations has been compared with the original configuration[1]. For the 
numerical simulation, a commercial code ANSYS-CFX has been adopted along with ANSYS-ICEM CFD for structured 
mesh generation. Temperature and pressure conditions on the cold side of PCHE fall near the critical point of 퐶푂  where 
thermophysical properties of 퐶푂  vary sharply with changing conditions of temperature and pressure. For accurate 
performance prediction of PCHE, provision of precise thermophysical properties of the working fluid is mandatory. In the 
current study thermophysical properties of 퐶푂  were supplied to solver through real gas property (RGP) table. An in-house 
Matalb code was used to write the high resolution RGP files by coupling the Matlab program with the NIST’s REFPROP. 
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I. INTRODUCTION 
 
The demand for green energy solutions is increasing 
at a rapid rate for power conversion system to 
overcome the environmental issues like global 
warming. Supercritical 퐶푂  has captured the interest 
in recent years, since it is nontoxic and abundantly 
available. While using for power cycles, 푆퐶푂  cycle 
combines the advantages of Brayton and Rankine 
cycle. High cycle efficiency and small 
turbomachinery has made 푆퐶푂 − 퐵퐶  an attractive 
option. Among the available heat exchanger types, 
Printed Circuit Heat Exchanger (PCHE) are 
considered to be most suitable for 퐶푂  working fluid 
as they provide a high thermal performance with 
small hydraulic diameter [2]. An experimental 
investigation of PCHE was performed by Ishizuka et 
al. [1]to evaluate the hydraulic and thermal 
performance. They developed an empirical 
correlation developed for local and overall heat 
transfer coefficient and friction coefficient. 
Researchers have proposed various fin shapes to 
improve the performance of SCO2 heat exchangers. 
S-shaped fins for PCHE were proposed and 
optimized by Tsuzuki et al. [3]on the basis of 
pressure drop and heat transfer characteristics. Kim et 
al.[4]proposed and computed the hydraulic 
performance of a PCHE with airfoil (NACA 0020) 
shaped fin. A parametric study [5]was performed by 
Abel et al. for thepressure drop across the corner radii 
of a zigzag-shaped PCHE. Thermal and hydraulic 
performance for different Reynolds numbers was 
determined numerically by Kim et al. [6]and they 
developed a correlation for theNusselt number and 
friction factor. 
The current study is based on the Authors previous 
manuscript [7] that presents the thermal and hydraulic 
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performance of a printed circuit heat exchanger with 
a wide range of Reynolds number with fin 
configuration A, B, C and D[7]. Whereas, current 
study deals with another three geometrical 
configurations namely D, E and F given by Table. 1. 
New fin configurations have been tested for the same 
range of Reynolds number i.e., 2500 ≤ 푅푒 ≤ 30000 
and 5000 ≤ 푅푒 ≤ 30000 for hot and cold channels 
respectively.The numerical method has been verified 
previously [7]with a full length geometry model of 
Ishizuka et al.[1] and boundary conditions are 
decided accordingly. To improve the numerical 
simulations and reduce the computation cost, a 
domain optimization study is also performed. After 
that, simulations are performed to assess the thermal 
and hydraulic performance of PCHE for different fin 
configurations under varying Nusselt numbers. 
 

 
Figure 1. Computational domain used for the validation of 

computational model (units, mm) [7] 
 
II. COMPUTATIONAL DOMAIN 
 
2.1 Geometrical details 
Fig. 1, a full-length PCHE computational domain of 
size 9.75mm (W)×4.89mm(H)×846mm(L)  with 
geometrical parameters similar to Ishizuka et al. [2] is 
developed. Three stacked channel plates, cold 
channel plate between the two hot channel plates, 
with thezigzag channel are modeled. Geometric 
details are presented in Table. 1. Geometrical 
parameters of hot and cold flow channels differ from 
each other for the PCHE’s geometry used by Ishizuka 
et al [1]. 
Both cold and hot flow channels have asemicircular 
cross-section with hot flow channels are separated by 
a channel spacing of 0.70mm and 0.60mm 
respectively while the longitudinal pitch of the 
channels is 3.62mm and 4.50mm respectively. 
Diametersof hot and cold channels are 1.80mm and 
1.90mm respectively while thedepth of the channels 
is same i.e., 0.90 mm. set of configurations evaluated 
for the thermal and performance evaluations are 
given in the Table. 2. 

Table 1. Details for the different Fin configurations 

 
Cold side Hot side 

 

Fin 
angle 

Fin 
pitch 

Fin 
angle 

Fin 
pitch 

A 100 3.62 115 4.5 
E 90 3.04 100 3.78 
F 80 2.55 90 3.16 
G 70 2.12 80 2.64 

 
2.2. Computational model, mesh, and boundary 
conditions 
ANSYS-CFX is used to solve the conjugate heat 
transfer problem for 푆퐶푂  heat exchangers, the 
governing relations for continuity, energy and 
momentum[8] are given as; 
Fluid domain (Continuity and Momentum 
equations) 
∇.휌퐔 = 0                                                                       (1) 
휌(퐔.∇)퐔 =  −훻푝 + 훻. 훕                                            (2) 
훕 =  (휇 + 휇 ) ∇푈 + (∇푈) − 훿∇.퐕 =

휇 ∇푈 + (∇푈) − 훿∇.푼 + ∇.횷(3) 
Here 횷is Reynolds stress tensor.     

∇. (휌퐔퐻) = ∇.
휆 + 휆
퐶 ∇ℎ                                       (4) 

Solid domain (Energy equations) 
푘 ∇ 푇 = 0                                                            (5)  

 
Table 2. Geometrical details of PCHE [1] 

Geometrical 
Parameters 

Hot 
channels 

Cold 
channel 

Plate material  SS316L SS316L 
Thickness of plate [푚푚] 1.63 1.63 
Longitudinal  pitch 
[푚푚] 

4.5 3.62 

Width of Wall [푚푚] 0.6 0.7 
Depth of channel [푚푚] 0.90 0.90 
Hydraulic diameter 
[푚푚] 

1.106 1.10 

Heat transfer area [푚 ] 0.697 0.356 
Channel active length 
[푚푚] 

1000 1100 

Length of channel [푚푚] 896 896 
 
Table 3. Shows the boundary conditions used for the 
full length of the PCHE [7], hot and cold flow 
channels flow in anti-parallel direction. For the 
current study, a shorter length of the PCHE has been 
adopted to minimize the computational. Details of the 
domain optimization study along with other details of 
the boundary conditions, mesh generation and 
optimization could be found in [7]. Boundary 
conditions for the shorter domain were obtained using 
the temperature and pressure profiles computed in the 
previous study [7].  Computed temperature and 
pressure profiles for both hot and cold domain are 
shown in the Figs. 2&3.  
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Figure 2. Temperature distribution along the length of printed 
circuit heat exchangers used for to obtain boundary conditions 

for the shorter domain. [7] 

 
Figure 3. Pressure distribution along the length of printed 

circuit heat exchangers used for to obtain boundary conditions 
for the shorter domain. [7] 

 
Inlets were supplied with the pressure and 
temperature boundary conditions while outlets were 
assigned with mass flow rate for both hot and cold 
domain.Eq. 6 shows the conditions imposed at all the 
interfaces between the fluid and solid domains. 
Pressure losses in theheader are expected to be small 
while other heat losses are neglected. 
 

Table 2. Boundary conditions [7]. 
Hot side Cold side 

푃
[푘
푃푎

] 

푇
[표
퐶]

 

푚
[푘
푔 
푠

] 

푃
[푘
푃푎

] 

푇
[표
퐶]

 

푚
[푘
푔 
푠

] 

2545.
5 

279.
9 

1.445E
-4 

8353.2
2 

107.
9 

3.152E
-4 

 
퐕 = 0
푇 = 푇

푘
휕푇
휕푛 = 푘

휕푇
휕푛

(6) 

III. RESULTS AND DISCUSSIONS 
 
3.1 Post processing 
Thermal performance of the PCHE has been 
evaluated using the value of the Nusselt number. 
Nusselt number is computed using Eqs. (7-9). In the  
Eq.(7) value of local heat transfer coefficient has 
been computed that was used to compute thelocal 
value of  Nusselt number Eq. (8) and average Nusselt 
number Eq. (9).On the other hand, hydraulic 
performance is measured using average value of 
friction factor (푓 ) given by Eq. (11) that is based 
on local friction factor (푓) Eq. (10).  
parameter: (1) Nusselt number (푁푢),   (2) friction 
factor (푓 ). To calculate the Nusselt number, local 
heat transfer coefficient ℎ  was computed using 
relation given in Eq. 7.  Local Nusselt number (푁푢) 
was computed from the local heat transfer coefficient 
(Eq. 8) that was integrated over the whole passage to 
get the average Nusselt number (푁푢) using Eq. 9.  
ℎ =

푞
푇 − 푇                                                          (7) 

Where,  ℎ , 푞 ,푇  푎푛푑 푇  are local heat transfer 
coefficient, heat flux through the cell face, wall 
temperature and near wall temperature, respectively. 

푁푢 =
ℎ 퐷
푘                                                                 (8) 

푁푢 =
1
푛 푁푢                                                        (9) 

푓 =
푑푝
푑푧  .

2
휌푉 .  퐷                                                      (10) 

푓 =
1
푛 푓                                                         (11) 

While, Performance evaluation criteria (PEC) [9] has 
been computed using Eq. (12). 

푃퐸퐶 =
,

,

                                                   (12)     

 
RESULTS 
 
Figs. 4&5 shows variation of friction factor with 
Reynolds number with variation fin configurations 
for cold and hot domain respectively. Details of the 
fin configurations have been provided in the Table. 1. 
It could be depicted from the Fig. 4 that friction 
factor drops with Reynolds number for all the fin 
configurations except configuration G. fiction factor 
increase as the fin angle and fin pitch decreases for a 
given value of Reynolds number. It is clear from Fig. 
5 that friction factor decrease with the increase of 
Reynolds number and decrease in the value of pin 
pitch and fin angle. Figs. 5 & 6 shows avariation of 
Nusselt number with Reynolds number and different 
fin configurations. The Nusselt number increases 
with the increase in the value of Reynolds number for 
all fin configurations. While for a fixed value of 
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Reynolds number Nusselt number increases slightly 
with the decrease in the fin pitch and fin angle.  

 
Figure 4. Variation of friction factor on the cold side with 

Reynolds number 

 
Figure 5.Variation of friction factor on the hot side of PCHE 

with Reynolds number 
 

 
Figure 6. Variation of Nusselt number in the cold side with 

Reynolds number 

 
Figure 7. Variation of Nusselt number onthe hot side with 

Reynolds number 
 
Figs. 8& 9 shows avariation of performance 
evaluation criteria of different tested fin 
configurations i.e., E, F,and G in comparison with fin 
configuration A. It could be seen that increase 
slightly by decreasing the fin angle and fin pitch for 
all fin configurations.   

 
Figure 8. Variation of PEC in the cold side with Reynolds 

number 

 
Figure 9. Variation of PEC in the hot side with Reynolds 

number 
 
CONCLUSIONS 
 
Thermal and hydraulic performance of different fin 
configurations has been evaluated using 3D-RANS 
simulations. Following deductions are made based on 
the study.   

 Performance evaluation criteria increase 
slightly with the decrease in fin pitch and fin 
angle for Reynolds number values less than 
30k in the cold side. Afterwards, frictional 
forces dominate and PCE starts decreasing 
in comparison with fin configuration A.  

 On the hot side of PCHE maximum 
performance enhancement was found in the 
region of 15푘 ≤ 푅푒 ≤ 20푘. 
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