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ABSTRACT 

A numerical simulation of global heat transfer process in three types of micro-channel heat exchangers was 
investigated in this paper: spiral double-pipe micro-channel heat exchanger (DPHE), cross-plate micro-channel 
heat exchanger (CPHE), and shell and tube micro-channel heat exchanger (STHE). The inner tubes of all three 
heat exchangers have a diameter of 1 mm and are charged with CO2 as refrigerant. A detailed analysis of the 
heat exchanger's global heat transfer process was carried out, which is entirely different for different structures. 
The heat transfer characteristics of supercritical CO2 were analyzed by considering the operating pressure, the 
refrigerant mass flux, the cooling water mass flux, and the heat exchanger refrigerant inlet temperature. The 
relationship between the CO2 heat transfer coefficient (

2COh ) and CO2 bulk temperature (
2,b COT ) was analyzed 

in detail. The pseudo-critical temperature ( pcT ) mainly determines where the peak CO2 heat transfer coefficient 

occurs. When 
2,b CO pcT T , the rise in 

2,b COT  is accompanied by an increase in the heat transfer coefficient, 

which reaches a maximum when 
2,b COT  is a little bit higher than the pseudo-critical temperature, the heat 

transfer coefficient curve begins to decline as 
2,b COT  continues to rise. Higher peak heat transfer coefficients 

can be achieved at higher pressures. Increased refrigerant mass flux always results in larger heat transfer 
coefficients. The influence of the refrigerant inlet temperature of the heat exchanger in the 

2,b CO pcT T  region 

on the heat transfer coefficient is more significant than expected. In this study, different flow patterns on heat 
transfer due to different structures were compared. The best heat transfer was achieved using a spiral double-
pipe micro-channel heat exchanger (DPHE). It consistently reaches the highest heat transfer and the lowest 
outlet temperature under the same operating conditions.  

Keywords: Micro-channel heat exchanger; Supercritical CO2; Heat transfer coefficient. 
[ 

NOMENCLATURE 

b bulk  PC   specific heat 

G mass flux H enthalpy 
in inner wall h heat transfer coefficient 
k conductivity m mass flow rate 
o outer wall P pressure 
pc preudo-critical Q heat exchange 
q heat flux r reference 
T temperature u velocity 
w wall x axial position 
y axial position z axial position 
   viscosity   
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1. INTRODUCTION 

Trans-critical CO2 (T-CO2) refrigeration cycle is 
considered an efficient and environment-friendly 
system attributed to the complex properties of CO2 
near the critical point, widely used in automotive 
air conditioning, food refrigeration, and heat 
pumps (Eskandari and Cheraghi 2019). The gas 
cooler in T-CO2) refrigeration cycle(Liang et al. 
2020; Pan et al. 2020; Rigola et al. 2005; Wang et 
al. 2018) has to cool CO2 from 373 K to 298 K at 
8-10 MPa Nekså et al. (1998). The working 
condition is close to the critical point where the 
physical properties of CO2 change drastically, 
which makes it challenging to design gas coolers. 
Therefore, the micro-channel heat exchanger is the 
most suitable gas cooler due to its pressure 
capacity ( Kim and Bullard 2001).  

Most of the research on heat exchangers has 
focused partly on automotive air conditioning (Li 
et al. 2017; Wang et al. 2018; Yang et al. 2019) 
limited by the higher air temperature of secondary 
flow and partly on printed circuit heat exchangers 
(Bennett et al. 2020; Katz et al. 2021; Kim et al. 
2016; Saeed et al. 2020) limited by the high cost. 
Han et al. (2012) presented a review of the micro-
channel heat exchanger development applied in an 
air-conditioning system. He pointed out the 
importance of accurately predicting pressure losses 
and heat transfer characteristics before designing 
micro-channel heat exchangers. The steep increase 
and decrease in specific heat and the sudden drop 
in density cause the heat transfer characteristic of 
CO2 to be completely different from those 
substances with constant physical properties. 
Therefore, a large number of investigations have 
focused on the heat transfer characteristics of CO2. 

Jiang et al. (2008a,b,c) have done extensive 
research on the supercritical CO2 heat transfer 
characteristics in vertical tubes. They noted that an 
increase in heat flux leads to a rise in heat transfer 
coefficient, but then the upward and downward 
flowing heat transfer coefficients move in the 
opposite direction when the heat flux continues to 
increase. Xu et al. (2015) experimentally 
compared the heat transfer in a small serpentine 
vertical tube and a straight tube. They concluded 
that the reason why the heat transfer performance 
of the serpentine tube is better than that of the 
straight tube is that the secondary flow due to the 
centrifugal force of the serpentine tube enhanced 
the heat transfer. Zhang et al. (2019b) conducted a 
numerical simulation study on the heat transfer 
characteristics of supercritical CO2 in horizontal 
semicircular micro-tubes. It was found that 
specific heat would be in occupying more 
percentage in influencing the heat transfer process 
with an absence of buoyancy. Lei et al. (2019) did 
experiments in order to study the heat transfer 
characteristics of supercritical CO2 in a small 
vertical circular tube, especially in the case of low 
mass flux and high heat flux. He found that the 
buoyancy force in the small channel plays a 
decisive role in heat transfer under such conditions. 

As mentioned above, several heat transfer studies 
have been done in single tubes, where the boundary 
conditions are given a constant wall temperature 
and constant heat flux. Studies on supercritical 
CO2 heat transfer mainly focus on the heat transfer 
characteristics of CO2 in a tube. The boundary 
conditions are usually a given wall temperature and 
a constant heat flux. However, it is meaningful to 
look into water-cooled heat exchangers 
considering the applications in marine food 
transportation and heat pumps. The global and 
local heat transfer coefficients of two types of 
fluted tube heat exchangers and smooth tube heat 
exchangers were compared in an experiment by 
Zhu et al. (2019). The results showed that the 
global heat transfer coefficient of the smooth tube 
was only 1/3 of that of the fluted tube.  

The most significant heat transfer coefficients were 
obtained for small hydraulic diameters regardless 
of the pressure. Wang et al. (2019) conducted 
experiments on the heat transfer characteristics of 
supercritical water in a tube-in-tube heat 
exchanger. The temperature corresponding to the 
peak heat transfer coefficient is not equal to the 
pseudo-critical temperature, and the higher the 
pressure, the more the temperature corresponding 
to the peak deviates from the pseudo-critical 
temperature. Cai et al. (2020a) and Ehsan et al. 
(2018) investigated experimentally and 
numerically the heat transfer of supercritical CO2 
in a micro-tube heat exchanger. He came to the 
same conclusion as Zhang et al. (2019a) and Wang 
et al. (2019) and Ma et al. (2016) that buoyancy 
has a significant effect on heat transfer at low 
Reynolds number. He also compared extra water 
flow of shell side process. The best heat transfer 
effect is achieved by counter-current flow. Most 
studies on microchannel gas coolers have focused 
on single-tube heat transfer, simulations of the 
overall global transfer process of microchannel 
heat exchangers has rarely been done, while 
simulation comparison of microchannel air coolers 
has not been done. For the reason the system we 
studied is a marine trans-critical CO2 vapor 
compression cycle refrigeration system with 
ejectors, it is appropriate to use seawater as the 
cooling water in the gas cooler. Considering the 
corrosiveness of seawater and its susceptibility to 
scaling, shell and tube heat exchangers, double-
pipe heat exchangers and cross-plate heat 
exchangers were preferred because they could be 
cleaned easily.  
In this paper, three different structures of 
 micro-channel gas coolers with an inner diameter 
of 1 mm to ensure the same heat transfer area on 
the CO2 side have been selected according to the 
existing water-cooled heat exchanger structure on 
the market. (1) a spiral double-pipe heat exchanger 
(DPHE). (2) a cross-plate heat exchanger (CPHE). 
(3) a shell and tube heat exchanger (STHE). The 
heat transfer characteristics of supercritical CO2 at 
different pressures, CO2 mass flow rates, water 
mass flow rates, and CO2 inlet temperatures were 
investigated numerically to find out the optimal 
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structure of the water-cooled micro-channel heat 
exchanger.  

2. NUMERICAL SIMULATION 

2.1 Numerical Model 

The structure and dimensions of the three types of 
micro-channel gas coolers were shown in Fig.1, the 
distribution of micro-channel in Fig.1a was referred 
to Guoqing (2015), and Fig.1b was referred to Fronk 
and Garimella (2011), Fig.1c considered available 
heat exchanger products on the market. x=0 mm and 
x=10 mm are the positions of CO2 inlet and outlet in 
DPHE, respectively, the number of turns is 1, and the 
radius of rotation was 15 mm, as shown in Fig. 1. The 
flow of CO2 and water was counter-current. The 
CPHE was designed as a seven-plate type with the 
CO2 inlet at y=0 and the outlet at y=-8 mm. The flow 
of CO2 and water was a cross-flow. z=0 mm and 
z=54 mm are the positions of CO2 inlet and outlet in 
STHE respectively.  

 

 
(a) DPHE 

 

 
(b) CPHE 

 

 
(c) STHE 

Fig. 1. Numerical model. 

 
The presence of the baffles ensured that the flow 
between CO2 and water is counter-flow. The same 
tube diameter, number of tubes, and tube length are 
required for all three heat exchangers to ensure the 

same heat transfer area on the refrigerant side. 
Supercritical CO2 flowed in 9 circular tubes with a 
diameter of 1 mm, while water flowed counter-
current or cross-current on the shell side. There was 
a tube wall of 0.1 mm thickness between CO2 and 
water. Following assumptions were required in the 
simulation: 

1. uniform flow on the tube side. 

2. uniform flow at the shell side inlet. 

3. heat conduction exists only in the vertical 
direction of the tube wall. 

4. ideal counter-flow or cross-flow between CO2 
and water. 

5. the heat exchangers are placed horizontally.  

The global heat transfer processes were simulated 
using ANSYS fluent 19.0 (Soloveva et al. 2021). 
SST k-ω turbulent model (Chen et al. 2018; Wang 
and Kissick 2020; Yang et al. 2018; Zhang et al. 
2020) was selected in this paper. NIST refprop9.11 
(Sanaye et al. 2020) was used to reference the 
properties. Mass-flow inlet and pressure-outlet were 
chosen as the boundary conditions. Table 1 shows 
the details of the simulated working conditions. 

 
Table 1 The initial data for the simulations. 

2coG  

 2kg / m s

waterG  

 2kg / m s

 

2 ,CO inT  

(K) 

P 
(MPa) ,water inT  

(K) 

800 100 323.15 8 288.15 
1000 159 343.15 9 
1200 238 373.15 10 

 

2.2 Governing Equations 

A steady-state method was used in the simulation. 
The equation for conservation of mass, or continuity 
equation, can be written as Eq. 1. 
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Conservation of momentum is described by Eq. 2. 
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                 (2) 

where μୣ୤୤  is the effective viscosity which is 
calculated as Eq. 3. 

eff t                                                            (3) 

where μ୲ is the turbulent viscosity defined according 
to the turbulence model. 

Conservation of energy is described by Eq. 4. 
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where effk is the effective conductivity which is 

calculated as Eq. 5. 

eff tk k k                                                           (5) 

where tk  is the turbulent thermal conductivity 

defined according to the turbulence model. 

k	- equation and ω- equation are described by Eq. 6 
and Eq. 7. 
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2.3 Data Reduction 

After the simulation is completed, the results of the 
inner and outer wall temperature and heat flux along 
the axial line can be output directly in STHE and 
CPHE. The bulk temperature of CO2, the water 
temperature, and the heat transfer coefficient need to 
be calculated twice. All the above variables in DPHE 
are subject to a secondary calculation. The CO2 heat 
transfer coefficient inside was calculated by  

2
2

,

, ,

w in
CO

b CO w in

q
h

T T



                                           (8) 

where ,w inq  and ,w inT  were the average wall heat 

flux and the internal wall temperature along the axial 
line, respectively, which were calculated by 

,w in
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q
L


                                                           (9) 

,w in
TdL

T
L


                                                       (10) 

L was the heat exchange pipe's length, the axial 
position in STHE is equal to z and y in CPHE. L in 
DPHE represents the direction along the helix. The 
CO2 bulk temperature was calculated by 

2,
p

b CO
p

uc TdA
T
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                                            (11) 

The water heat transfer coefficient was calculated by 

2
2

,

, ,
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w out b H O

q
h

T T
                                           (12) 

where ,w outq  and ,w outT  were the average wall 

heat flux and the outer wall temperature along the 
axial line, respectively. The water temperature was 
calculated by 

2,
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p
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
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
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
                                            (13) 

The total heat exchange was calculated as follows 

 2 2 2

˙

,  ,exchange CO CO in CO outQ m H H                 (14) 

2.4 Reliability Verification 

2.4.1 Model Validation 

Since experiments on supercritical CO2 double-pipe 
heat exchangers have been done previously, this 
paper directly used the previously obtained 
experimental data to verify the validity of the 
simulation. The specific equipment of the 
experiments and the working conditions can be 
found in Ref. Yang et al. (2017). Figure 2 showed a 
comparison of the numerical and experimental 

results for different pressures. The SST k ω 
turbulent model is proved to be accurate and reliable 
in the heat transfer prediction. 

 

 
Fig. 2. Comparison of numerical calculation 

results with experimental results. 
 

2.4.2 Grid Independence 

Table 2. shows the pressure drop for different grid 
numbers. It can be seen that the pressure drop in the 
cross-plate heat exchanger is no longer significant 
for a grid partition of 2917110, and 3382495 for the 
shell and tube heat exchanger, 2245768 for the 
double-pipe heat exchanger. Therefore, grids with 
the numbers 2917110, 3382495, and 2245768 were 
selected to save computational time. 

3. RESULTS AND DISCUSSIONS 

3.1 Global Heat Transfer Processes 
Figure 3ab shows the global heat transfer process in 
CPHE, including axial temperature, axial wall heat 
flux, and axial local CO2 heat transfer coefficient. 
Only the first plate of the flow channel is intercepted 
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for analysis because the global analysis of the cross-
plate flow along the axial direction is complicated. 

 
Table 2 Mesh independence verification. 

cases Number 
of meshes 

Pressure 
drop

Error(%) 

CPHE 1089997 1935.8 48.2 
1577912 1483 13.5 
2205040 1381 5.7 
2917110 1325.8 1.5 
3892329 1306.2 0 

STHE 1032040 429.8 2.94 
1995913 426.2 2.09 
2579068 424.1 1.3 
3382495 433 0.49 
4213105 436.6 0 

DPHE 839664 631.3 48.8 
1682660 466.6 10.0 
2245768 430.1 1.4 
3368652 424 0 

  

The heat exchange process can be roughly divided 
into three parts in CPHE, based on the heat flux along 
the axial line in Fig. 3a: CO2 inlet section, relatively 
stable section, and water inlet section. The high heat 
flux at the CO2 inlet is attributed to the vast 
temperature difference between the refrigerant and 
cooling water and the higher CO2 heat transfer 
coefficient caused by the inlet effect in Fig.3b. As the 
CO2 heat transfer coefficient drops rapidly, it causes 
the heat flux to fall into the stabilization process. The 
rapid increase in the heat transfer coefficient of CO2 
is attributed to the bulk temperature of CO2 
approaching the critical point during the cooling 
process, where the physical properties of CO2 change 
dramatically and the specific heat dominates the heat 
transfer process, causing the heat transfer coefficient 
to have the same trend as the specific heat. As 
mentioned before, the specific heat increases in the 
Tb<Tpc and decreases in the region of Tb>Tpc. 
Although the CO2 heat transfer coefficient and the 
total heat transfer coefficient increase, the 
temperature difference keeps dropping, so the heat 
flux also tends to decrease slightly. As the CO2 
temperature decreases, the CO2 undergoes a phase 
change from a supercritical to a subcritical state, 
causing the heat flux to drop further until there is a 
slight rebound at the water inlet. That may be due to 
the high heat transfer coefficient of water at the water 
inlet. The heat transfer coefficient of water is found 
to be as much as five times higher than that of CO2 
at the CO2 outlet  by calculation. The heat transfer 
process in DPHE is similar to the above.  

Figure 3cd shows the heat transfer process in STHE, 
including axial temperature, axial heat flux, and axial 
CO2 heat transfer coefficient. The global heat 
transfer process in STHE is clearly distinguished 
from the heat transfer process in CPHE. First of all, 
the heat flux changes more drastically than that in 
CPHE, which is more attributed to the difference in 
the structure. The baffles in STHE changes the 
direction of water flow in the shell side. The presence 
of the baffles in STHE makes the heat flux change  

 
(a)  Heat flux of the CPHE inner wall 

 
(b) Temperature distribution along the CPHE tube 

 
(c) Heat flux of the STHE inner wall 

 
(d) Temperature distribution along the STHE tube 

Fig. 3. Global heat transfer process in CPHE and 

STHE. (
2

2100, kg / m s,co inG  

21000 / , kg m swaterG  , 288.15 , Kwater inT  

2 , 343.15 , Kco inT  P=8 MPa) 

 
more drastically along the axial direction. Still, the 
whole process can be roughly divided into four parts: 
CO2 inlet section, lower section, higher section, and 
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water inlet section, as shown in Fig. 3c. Similarly, 
the high heat flux at the inlet is caused by the vast 
temperature difference between the refrigerant and 
cooling water, as shown in Fig. 3d. As the CO2 heat 
transfer coefficient drops and rises, as shown in Fig. 
3d, the temperature difference between the 
refrigerant and cooling water barely changes, 
causing the heat flux to decrease into the lower 
section. As the CO2 temperature decreases, the CO2 
heat transfer coefficient increases dramatically again 
into the higher section attributed to the falling slowly 
temperature difference between the refrigerant and 
cooling water for the same reason the dramatically 
changing specific heat of CO2. The temperature 
difference does not continue to decrease, and the CO2 
heat transfer coefficient and heat flux both reach 
their peak until the water inlet. It is obvious that the 
heat transfer process is entirely different for different 
structures of heat exchangers. Therefore, it is vital to 
analyze the global heat exchanger heat transfer 
process in order to design an efficient and compact 
heat exchanger. Baffles should be considered in the 
design of microchannel heat exchangers by 
comparing the heat transfer processes of CPHE and 
STHE. In addition, the global analysis of the heat 
exchanger shows that the heat transfer coefficient of 
CO2 and water keeps changing all the time, which is 
noteworthy. The heat transfer characteristics of 
supercritical CO2 in a heat exchanger are worth 
studying in order to design an efficient and compact 
heat exchanger. 

3.2 s-CO2 Heat Transfer Characteristics 

3.2.1 Effects of Pressure 

The operating pressure range of the heat exchanger 
in a trans-critical CO2 refrigeration cycle is mostly 8-
10 MPa. This pressure range was investigated in this 
study. The trend of heat transfer coefficient at 
different pressures is shown in Fig. 4. It is clear that 
when

2,b CO pcT T , the rise in 
2,b COT  is 

accompanied by an increase in the heat transfer 
coefficient, which reaches a maximum when 

2,b COT  

is a little bit higher than the pseudo-critical 
temperature, the heat transfer coefficient curve 
begins to decline as 

2,b COT  continues to rise. Higher 

peak heat transfer coefficients can be achieved at 
higher pressures. 

This is consistent with the trend in specific heat, and 
it is easy to see that this is attributed to a dramatic 
change in specific heat. No significant difference in 
the peak of CO2 heat transfer coefficients at different 
pressures for the three heat exchangers. A new 
reference temperature was defined to estimate the 
temperature at which the peak heat transfer 
coefficient of CO2 occurs (Cai et al. 2020b), which 
was calculated by 

2, 0.8 0.2r CO b wT T T      

This equation is used to estimate the location of the 
peak CO2 heat transfer coefficient occurrence before 
the post-processing, and the simulation results are 
consistent with the estimated value.  

 
(a) DPHE 

 
(b) CPHE 

 
(c) STHE 

Fig. 4. The 
2COh  at different pressure. 

(
2

2
, 100 / , kg m sco inG  21200 / , kg m swaterG  

, 288.15 , Kwater inT  
2 , 343.15 , Kco inT  ) 

 

3.2.2 Effects of CO2 Mass Flux 

Different CO2 mass fluxes on the heat transfer 
coefficient cannot be underestimated. Figure 5 shows 
the trend of the CO2 heat transfer coefficient at 
different CO2 mass fluxes. It was found that 
increased refrigerant mass flux always results in 
larger heat transfer coefficients. The peak of the heat 
transfer coefficient also occurs at temperatures 
slightly above the critical temperature. Obviously, a 
higher heat transfer coefficient and lower CO2 outlet 
temperature in DPHE can be obtained at the same 
CO2 inlet temperature and operating pressure. The 
peak CO2 heat transfer coefficients of all three heat 
exchangers occur at similar temperatures, indicating 
that this is entirely dominated by the CO2 heat 
transfer characteristics and is not related to the heat 
exchanger structure. 
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(a) DPHE 

 
(b) CPHE 

 
(c) STHE 

Fig. 5. The 
2COh  at different 

2COG . 

 
3.2.3 Effects of Water Mass Flux 

The trend of heat transfer coefficient at different 
water mass fluxes is shown in Fig. 6. It is expected 
that at high Reynolds numbers, the mass flux of 
water hardly affects the heat transfer process. 
Slightly in the Tb<Tpc region, the reason why high 
water mass fluxes have high heat transfer 
coefficients are attributed to the vast temperature 
difference at the inlet. As the global heat transfer 
process proceeds, the temperature difference 
between the refrigerant and cooling water falling 
slowly, the CO2 heat transfer coefficient almost does 
not change.  

 
(a) DPHE 

 
(b) CPHE 

 
(c) STHE 

Fig. 6. The 
2COh  at different 

2H OG . 

 

3.2.4 Effects of Gas Cooler Inlet 
Temperature 

The trend of heat transfer coefficient at different heat 
exchanger inlet temperatures is shown in Fig. 7. The 
heat transfer coefficient first drops significantly, then 
increases to the first peak in the Tb<Tpc region and 
reaches the second peak at a slightly higher than the 
pseudo-critical temperature, as can be shown in Fig. 
7a and Fig. 7b. Both DPHE and CPHE show heat 
transfer coefficient fluctuations that occur in the 
subcritical region, while STHE does not show the 
situation described above due to its poor cooling 
effect and higher gas cooler outlet temperature than 
DPHE and CPHE, as can be seen in Fig. 7c. 
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(a) DPHE 

 
(b) CPHE 

 
(c) STHE 

Fig. 7. The 
2COh  at different ,b inT .  

3.3 Effects of structure 

The comparison of the supercritical CO2 heat transfer 
characteristics of the three types of gas coolers in 
section 3.2 is equivalent to comparing the heat 
transfer characteristics of supercritical CO2 in the 
horizontal spiral micro-tube, a horizontal serpentine 
micro-tube, and a horizontal straight micro-tube, 
where it is clear that the different flow patterns lead 
to different heat transfer effects. Similarly, the study 
of the complicated flow on the waterside is also 
essential for the design of micro-channel gas coolers 
due to the inhomogeneity of CO2 properties derived 
from section 3.2. In this paper, the heat transfer 
effects of three heat exchangers were compared, and 
the results are shown in Table 3.  

It can be found that the DPHE heat exchange effect 
is better than CPHE and STHE with the same heat 
transfer area on the CO2 side. In fact, Guo et al. 
(2019) found that the cooling conditions spiral tube 
heat transfer effect is better than the straight tube, 
similarly Zheng et al. (2019) found that the 
serpentine tube heat transfer effect is better than the 
straight tube; the conclusion reached in this paper is 
that the heat transfer effect spiral tube is the 
strongest, followed by the serpentine tube, the worst 
is the straight tube. Figure 8 shows the temperature 
distribution at the outlet cross-section for each of the 
three different flow types at different operating 
conditions. The supercritical CO2 near the inner wall 
is cooled first. It is found that DPHE always obtains 
the lowest outlet temperature for the same operating 
conditions. The structure of spiral double-pipe 
counter-current flow can effectively cool CO2.  

4. CONCLUSION 

In this study, the heat transfer process between CO2 
and water in three different structures of  
micro-channel heat exchangers was investigated in 
detail, and numerical simulations were performed to 
compare and analyze the three heat exchangers. 

The heat transfer processes of the three heat 
exchangers were analyzed in detail. 

 

 

 

 

Table 1 The exchangeQ  of three heat exchangers. 

Q 
(W)  2

2kg / m scoG    2kg / m swaterG    , Kb inT   P (MPa) 

100 159 238 800 1000 1200 323.15 343.15 373.15 8 9 10 

STHE 13.2 13.5 13.5 11.8 12.4 13.2 12.4 15.2 18.3 13.2 14.3 14.4 

CPHE 17.4 19.1 20.0 16.7 16.6 17.4 13.2 17.4 18.2 17.4 16.6 16.0 

DPHE 18.2 29.5 36.4 19.7 21.0 18.2 14.4 19.8 24.6 18.2 18.0 15.8 
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(a) Temperature variation at different 

2COG   

 
(b) Temperature variation at different 

2H OG   

 
(c) Temperature variation at different P   

 
(d) Temperature variation at different ,b inT   

Fig. 8. Temperature distribution at the outlet. 

The effects of CO2 pressure, the mass flux of CO2, 
the mass flux of water, heat exchanger inlet 
temperature, and different flow patterns between 
CO2 and water on the heat transfer effectiveness of 
the heat exchanger were considered. The following 
conclusions were drawn from this study. 

1. The heat transfer process is entirely different for 
different structures of heat exchangers. Baffles 
should be considered in the design of microchannel 
heat exchangers. The heat transfer coefficient of CO2 
and water keeps changing all the time. 

2. Increased refrigerant mass flux always results in 
more significant heat transfer coefficients. The peak 
of the heat transfer coefficient also occurs at 
temperatures slightly above the critical temperature, 
while the mass flux of water hardly affects the heat 
transfer process at high mass flux.  

3. The heat transfer coefficient in CTHE first 
decreases significantly in the subcritical region 
thermal coefficient, then rises to the first peak in the 
region where the CO2 bulk temperature is below the 
pseudo-critical temperature and reaches the second 
peak at the pseudo-critical temperature with different 
inlet temperatures, which is not present in DPHE and 
STHE.  

4. DPHE has the best heat transfer effect, followed 
by CTHE, and the worst STHE and DPHE always 
obtains the lowest outlet temperature for the same 
operating conditions. 
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