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Abstract: Heat transfer characteristics of a gas-to-gas parallel flow microchannel heat exchanger have been experimen-

tally investigated. Temperatures and pressures at inlets and outlets of the heat exchanger are measured to obtain heat 

transfer rates and pressure drops. The heat transfer and pressure drop characteristics are discussed. The results show that 

experimental pressure drop is approximately ten times as large as theoretically estimated pressure drop. Geometric con-

figuration of the heat exchanger dominates pressure drop characteristics. The conventional log-mean temperature differ-

ence method and the constant wall temperature model proposed in our earlier work are applied to predict heat transfer rate 

of the parallel flow microchannel heat exchanger. Prediction accuracy of the log-mean temperature difference method is 

superior to that of the constant wall temperature model. Applicability of the log-mean temperature difference method de-

pends on direction of fluid flow. 

1. INTRODUCTION 

Microscale devices have attracted many researchers in 
recent decades. Numerous literatures have been published on 
fluid flow and heat transfer characteristics of microchannels 
since Tuckerman and Pease [1] have demonstrated a heat 
sink with microchannels. Microchannel heat exchanger is a 
practical application of microscale channels. Developments 
of the heat exchanger yield miniaturization in engineering 
fields since it has a large area density, heat transfer area per 
unit volume. Several investigations have been conducted on 
a microchannel heat exchanger with liquid flow. 

Bier et al. [2] have manufactured a crossflow microchan-
nel heat exchanger by precision cutting. They tested the heat 
exchanger with water as a working fluid. A volumetric heat 
transfer coefficient of 324 MW m

-3
 K

-1
 was obtained. Frie-

drich et al. [3] have fabricated a micro crossflow heat ex-
changer by diamond machining. Trapezoidal-shaped chan-
nels were cut on a copper substrate. They tested with water, 
and their heat exchanger provided a volumetric heat transfer 
coefficient of nearly 45 MW m

-3
 K

-1
. Ravigururajan et al. [4] 

have investigated on single-phase characteristics of a parallel 
microchannel heat exchanger. They used Refrigerant-124 as 
an experimental fluid. They showed that increase in heat 
transfer coefficient may be attributed to the thinking of the 
boundary layer in a narrow channel. Jiang et al. [5] have 
investigated on fluid flow and heat transfer performances of 
a microchannel heat exchanger and a micro-porous heat ex-
changer. Their results showed that heat transfer performance 
of the micro heat exchanger using porous media was better 
than that of the micro heat exchanger using microchannels, 
while the pressure drop of the former was much larger. They 
concluded that a microchannel heat exchanger with deep  
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channels has the best overall thermal-hydraulic performance. 
Harris et al. [6] have fabricated and tested for both a polymer 
and a nickel micro crossflow heat exchanger. They summa-
rized features of micro heat exchangers by comparing with 
those of high performance conventional scale automobile 
radiators. Alm et al. [7] have manufactured ceramic counter-
flow and crossflow microchannel heat exchangers. The ex-
perimental results were compared with estimated ones by 
standard heat exchanger correlations and numerical simula-
tions using a porous body approach. They found that the 
geometry of the fluid channels was influenced by the joining 
process of the ceramic components. 

Moreover, several researchers have used gaseous flow as 
a working fluid of a microchannel heat exchanger. Bier et al. 
[8] have tested on micro heat exchangers. Nitrogen, helium, 
and argon gases were used as a working fluid. They attained 
overall heat transfer coefficient up to 1700 W m

-2
 K

-1
 on a 

stainless steel heat exchanger by using helium. To estimate 
overall heat transfer coefficient, they proposed a homogene-
ous model used in a packed bed. The estimated results 
agreed well with experimental ones. Stief et al. [9] have 
conducted numerical simulations to determine the order of 
magnitude of optimal thermal conductivity of a micro heat 
exchanger. They found that heat transfer efficiency is a func-
tion of the heat conductivity of a wall, when nitrogen is used 
as the flow medium. They concluded that there exists an 
optimal thermal conductivity of a wall material. Miwa et al. 
[10] have conducted numerical computations on parallel and 
counterflow microchannel heat exchangers with gaseous 
flow. They discussed effects of compressibility of gaseous 
flow. 

Authors have investigated heat transfer characteristics of 
a gas-to-gas counterflow microchannel heat exchanger [11]. 
In the earlier work, authors revealed that the conventional 
log-mean temperature difference method could not be em-
ployed for estimation of the heat transfer in the gas-to-gas 
counterflow microchannel heat exchanger. Then other heat 
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exchange model with an assumption of constant partition 
wall temperature was proposed to predict heat transfer rate of 
the heat exchanger. Now authors focus on a parallel flow 
microchannel heat exchanger. Since a parallel flow micro-
channel heat exchanger has similar structure to a counterflow 
configuration, the conventional log-mean temperature differ-
ence method may not be employed. Investigation on heat 
exchange model of a parallel flow microchannel heat ex-
changer is required. The present study reports heat exchange 
model for a parallel flow microchannel heat exchanger. 

2. EXPERIMENTAL 

2.1. Experimental Setup 

Fig. (1) shows the schematic view of an experimental 
setup. It consists of two independent piping systems. One is 
for hot flow and the other is for cold flow. A piping system 
involves a compressor (1), a desiccant tube (2), a flow regu-
lator (3), and a flow meter (4). The piping system of the hot 
flow includes a heater to heat working fluid. Air is used as 
the working fluid. 

Airflow passes through the desiccant tube, the flow regu-

lator, the flow meter, and flows into the microchannel heat 

exchanger, and is discharged to surroundings. The dis-

charged air does not affect ambient conditions because a test 

room is large enough. Ambient air is compressed to be sup-

plied as the working fluid by the compressor. The desiccant 

tube dehumidifies the airflow. The flow regulator (Kofloc, 

2412L) controls a flow rate of the airflow and the flow meter 

(Kofloc, 3105-30SLM, accuracy: ±1.0 % F.S.) measures the 

flow rates. The heater heats the airflow on the hot passage. 

Temperatures at the inlets and the outlets of the heat ex-

changer are measured by T-type thermocouples. Pressures 

are simultaneously measured by the pressure transducers 

(Valcom, VESX500, max: 500 kPa, linearity: less than 0.25 

%). The data logger (Eto Denki, CADAC21) acquires all 
data. 

The microchannel heat exchanger is set in a box filled 
with spherical polystyrene foams, whose diameter is ap-
proximately 2 mm, to avoid heat leak from the heat ex-
changer to surroundings. Since polystyrene foam has a low 
thermal conductivity, it is suitable for an insulator. Note that 
the new polystyrene foams are used for each experiment 
because temperature of those is increased after an experi-
ment. 

The microchannel heat exchanger COMH manufactured 
by IMM (Institute für Mikrotechnik Mainz, Germany) is 
used for the experiments. The microchannels were fabricated 
by wet chemical etching on a stainless steel plate with length 
x width x thickness = 40 x 40 x 0.5 mm. This plate is used as 
a heat transfer plate. The microchannel has a rectangular 
cross section at 200 μm height and 300 μm width. This re-
sults in a hydraulic diameter of 240 μm. The channel length 
is 20 mm. A heat transfer plate contains 34 microchannels. 
Twenty plates are stacked and bolted to form the heat ex-
changer. Ten plates are used to the hot and cold passages of 
the heat exchanger, and which are stacked alternately. A heat 
transfer area of the heat exchanger is 6.8x10

-3
 m

2
. Fig. 2 (a) 

shows a picture of the heat transfer plate and Fig. 2 (b) 
shows the microchannel heat exchanger COMH. 

 

 

Fig. (2). Microchannel heat exchanger COMH. (a) Heat transfer 

plate. (b) Photograph of COMH. 

 

2.2. Experimental Procedure 

Experiments are conducted under various flow rate con-
ditions to investigate pressure drop and heat transfer charac-
teristics of the microchannel heat exchanger. Volumetric 
flow rate under the standard state (0 °C, 1 atm) in both pas-
sages ranges from 5 to 15 L min

-1
, the corresponding Rey-

 

Fig. (1). Schematic view of experimental setup. 
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nolds number ranges from 63.5 to 191. The flow should be 
laminar on whole experiments. Reynolds number Re is de-
fined by 

   

Re =
VDh

μ
=

2m
ch

μ a+ b( )
            (1) 

where 
  
m

ch
 denotes a mass flow rate per channel, μ denotes a 

viscosity of air, and a and b denote a channel height and 

width, respectively.  

The gage pressure at outlet of the compressors is main-
tained at 0.3 MPa. The airflow temperature of the hot pas-
sage at the inlet of the heat exchanger is maintained at ap-
proximately 75 °C, while the airflow of the cold passage is 
supplied from the compressor at a room temperature. The 
inlet temperature of the cold passage ranges from 14.2 to 
20.3 °C. 

Airflow is supplied by opening a valve of the compres-
sor. Volumetric flow rates are controlled by using the flow 
regulators within ±0.5 % of arbitrary flow rate. The airflow 
is simultaneously heated on the hot passage. The airflow 
temperature is maintained by controlling a voltage of the 
heater. Data are logged every second during five minutes 
after steady state is ensured. Steady state is assumed to be 
achieved when the variations of the outlet temperatures are 
within ±0.1 °C in 10 minutes. Results are discussed by aver-
aged data throughout this study. 

2.3. Experimental uncertainties 

Uncertainty analyses have been carried out for data re-
duction. Uncertainty for a pressure drop is 0.31 %. The accu-
racy of the flow meter is ±1.0 % of full scale. Therefore, 
uncertainty for a mass flow rate is from 6.0 % to 2.0 %; cor-
responding volumetric flow rate is from 5 L min

-1
 to 15 L 

min
-1

. Uncertainty for a heat transfer rate is from 6.1 % to 
2.4 %. 

3. RESULTS AND DISCUSSION 

3.1. Pressure Drop 

This section describes pressure drop characteristics of the 
microchannel heat exchanger. A pressure drop is measured 
by the pressure transducers which are equipped in upstream 
and downstream section of the heat exchanger. The heat ex-
changer and pressure measurement points are connected by a 
circular connection tube of which inner diameter is 1.78 mm. 
The pressure measurement points are 17 cm away from in-
lets or outlets of the heat exchanger. Therefore pressure drop 
in the connection tube is calculated to reduct them from the 
measured pressure drops. 

Reynolds number in the connection tube ranges from 
3860 to 11570; corresponding volumetric flow rate is from 5 
L min

-1
 to 15 L min

-1
. This means that the airflow in the tube 

is turbulent. Let the smooth tube be assumed, a friction fac-
tor f and a pressure drop p are as follows 

 
f = 0.3164Re

0.25
             (2) 

p = f
l

d

V 2

2
              (3) 

where l is connection tube length, d is connection tube di-
ameter,  is air density, and V is mean airflow velocity in the 
connection tube. Fig. (3) plots experimental pressure drop of 
the hot passage of the heat exchanger p as a function of 
Reynolds number of the hot passage Reh. The experimental 
pressure drops are designated by solid symbols. The open 
symbols will be indicated in the next section. The experi-
mental pressure drops increase linearly as Reynolds number 
increases. The experimental pressure drops of the hot pas-
sage are almost same value regardless of Reynolds numbers 
of the cold passage. 

 

 

Fig. (3). Pressure drop characteristics. 

3.2. Prediction of Pressure Drop 

This section describes process to predict the pressure 
drop of the microchannel heat exchanger. The fluid passing 
through the heat exchanger is assumed as a continuum. This 
assumption is justified by Knudsen number Kn, which is 
defined by the ratio of mean free path and characteristic 
diameter Dh, as follows: 

Kn =
Dh

                (4) 

In this study, Kn is 2.8x10
-4

. This assures that the fluid is 
continuum. 

Conventional theory on a duct flow is used to predict a 
pressure drop of the microchannel heat exchanger. For sim-
plicity, airflow in the microchannels is assumed to be hydro-
dynamically fully developed. To predict a pressure drop, a 
friction factor f is required. Laminar flow friction factor of a 
rectangular duct is compiled by Shah and London [12]. In 
present study Poiseuille number f Re is 14.7. The pressure 
drop in the channel is obtained by Eq. (5). 

P = f
V 2L

2Dh

              (5) 

Effect of entrance pressure drop and exit pressure rise in 
the core of the heat exchanger should be considered because 
the area passing through the working fluid changes signifi-
cantly. Kays and London [13] have summarized entrance and 
exit pressure drop as follows: 

p1 =
V 2

2
1 2( ) + Kc

V 2

2
           (6) 
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p2 =
V 2

2
1 2( ) Ke

V 2

2
           (7) 

where p1 and p2 denote entrance pressure drop and exit 
pressure rise, respectively. , Kc, and Ke denote the ratio of 
core free-flow and frontal area (  = 0.34), entrance pressure 
loss coefficients (Kc = 1.14), and exit pressure loss coeffi-
cients (Ke = 0.18), respectively. V denotes mean airflow ve-
locity in a microchannel. Theoretical pressure drop pth is 
given by 

 
p

th
= p1 + p

core
p2                  

(8) 

Fig. (3) compares pexp and pth as a function of Rey-
nolds number of the cold passage Rec. pexp is approximately 
ten times as large as pth. This is attributed to following fac-
tors. 

(1) Pressure drop at Pressure Port 

A T-shaped connector is used to connect the pressure 
transducer. The cross section of the passage in the connector 
is not uniform. There exists the pressure drop at the exit of 
the connector. 

(2) Pressure Drop at Manifold Junction 

Fig. (4) shows a schematic of the airflow manifold pas-
sage in the heat exchanger. Airflow is supplied to the heat 
exchanger manifold. Then the airflow divides into ten heat 
transfer plates at supply manifold junction. The airflow 
which passed through the microchannels combines at ex-
haust manifold junction. Flow dividing and combining cause 
additional pressure drop. 

 

 

Fig. (4). Schematic view of the airflow. 

 
(3) Nonuniformity of Flow Rate in Microchannels 

The process described above assumes implicitly that the 
airflow is evenly supplied to all the heat transfer plates. 
However, the airflow divides unevenly to each heat transfer 
plate. Yin et al. [14] found that geometric configuration af-
fects mass flow distribution of a microchannel heat ex-
changer. As shown in Fig. (4), the heat transfer plates are 
stacked in parallel. The diameter of the connection tube is 
1.78 mm. Mean flow velocity attains 100 m s

-1
 when flow 

rate is 15 L min
-1

. Since airflow divides at supply manifold 
junctions, pressure is significantly increased at downstream 

supply manifold junction. On the other hand, pressure in the 
exhaust manifold decreases along flow direction. Conse-
quently flow rate of the downstream plate will be the largest. 
Nonuniformity of flow rate in the microchannels increases 
pressure drop of the heat exchanger. 

If these pressure losses are excluded from the total meas-
ured pressure drop, the pressure drop may be equal to the 
theoretical one. However, determination of the individual 
pressure loss is difficult due to measurement difficulty. 

Effect of compressibility may affect pressure drop char-
acteristics because air is compressible fluid. However, 
maximum Mach number of airflow in channels was 0.035. 
This means that effect of compressibility did not affect the 
experimental results. 

3.3. Heat Transfer Rate 

This section describes heat transfer characteristics of the 
microchannel heat exchanger. The first law of thermodynam-
ics on the heat exchanger leads heat transfer rate expressed 
by Eqs. (9) and (10) 

  
Q

h
= m

h
cp T

h,in
T

h,out( )             (9) 

  
Q

c
= m

c
cp T

c,out
T

c,in( )           (10) 

where cp denotes specific heat at constant pressure and T 
denotes temperature. Subscripts h, c, in, and out stand for hot 
passage, cold passage, inlet, and outlet of the microchannel 
heat exchanger, respectively. 

Although the microchannel heat exchanger is set in a box 

filled with spherical polystyrene foams for insulation, heat 

may leak to surroundings since the heat exchanger is not 

completely isolated. Fig. (5) shows the ratio of Qc and Qh as 

a function of Rec. If the heat does not leak, Qc / Qh would be 

unity. However, values of Qc / Qh range from 0.92 to 1.25. 

The piping for hot and cold airflows lie in the insulating box 

in which the heat exchanger is set. Polystyrene foam beads 

are heated up and cooled down by heat from the piping. 

Then, temperature of the polystyrene beads takes the average 

temperature of hot and cold airflow, Tm = (Th,in + Tc,in) / 2. 

When 
  
m

c
>> m

h
, the temperature of the heat transfer plate 

becomes lower than Tm. Therefore the heat flows into the 

heat exchanger, namely Qc > Qh. When m
.
c  m

.
h, the heat 

transfer plate temperature becomes higher than Tm. Then 

 

Fig. (5). Relations between Rec and Qc / Qh. 
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thermal balance will be Qh > Qc. When 
  
m

c
m

h
, the heat 

transfer plate temperature is almost Tm. Then, Qh  Qc. Con-

sidering the fact, we have defined heat transfer rate Qexp as 

follows: 

 

Q =
Q

h
+Q

c

2
             (11) 

Fig. (6) plots the heat transfer rate as a function of Rey-
nolds number in the cold passage Rec, with the curve pa-
rameter of the Reynolds number in the hot passage Reh. Heat 
transfer rate increases with increasing Rec. A series of ex-
periments has provided volumetric heat transfer rates up to 
12.6 MW m

-3
, the volumetric heat transfer rate represents 

heat transfer rate divided by total channel volume. Heat 
transfer rates for low Rec take similar values, whereas they 
take different values depending on Reh for large Rec. Heat 
transfer rate may approach an asymptotic value by increasing 
Rec. Unfortunately, experiments for large Reynolds number 
were not conducted due to a restriction of performance of the 
compressors. 

Notice that qualitative tendencies of the heat transfer 
rates are similar to those of a conventional heat exchanger 
even though the working fluid is gas. A remarkable behavior 
on heat transfer has not been observed although gaeous fluid 

flows in microscale channels. This is ascertained by Knud-
sen number which is extremely smaller than unity as de-
scribed in section 3.2. Since the airflow can be regarded as 
continuum, the heat transfer characteristics exhibit a similar 
trend to those of conventional heat exchanger. 

3.4. Prediction of Heat Transfer Rate 

3.4.1. Log-mean Temperature Difference Method 

Conventional log-mean temperature difference method is 
used to predict heat transfer rate of the heat exchanger. The 
correlation is expressed as 

Q = AU Tlm              (12) 

where A, U, and Tlm denotes heat transfer area, overall heat 
transfer coefficient, and logarithmic mean temperature dif-
ference, respectively. Tlm is defined by Eq. (13). 

 

Tlm =
T

h,in
T

c,out( ) T
h,out

T
c,in( )

ln
T

h,in
T

c,out

T
h,out

T
c,in

       (13) 

Calculation of a heat transfer rate in a channel requires 
Nusselt number Nu. Nusselt number in a channel depends on 
a thermal boundary condition of a channel wall. Shah and 
London [12] have summarized Nusselt number on rectangu-
lar ducts with fully developed flow. They obtained Nu = 3.11 
for the constant wall temperature and the aspect ratio of 1.5. 
Although the thermal boundary condition of a channel wall 
cannot be preconditioned in the experiment, we use this 
value to calculate the overall heat transfer coefficient U 
which is defined as 

 

1

U
=

1

h
h

+
t

k
+

1

h
c

            (14) 

Fig. (7) shows the heat transfer rate obtained by the ex-
periment (EXP), Eq. (11), and the log-mean temperature 
difference method (LMTD), Eq. (12). The predicted heat 
transfer rate agrees well with the experimental results. The 
prediction error ranges from -4.2 % to -11 %. The conven-
tional log-mean temperature difference method predicts heat 
transfer rate of the microchannel heat exchanger within an 

 

Fig. (6). Heat transfer rate of the parallel flow microchannel heat 

exchanger. 

 

Fig. (7). Prediction of heat transfer rate using the log-mean temperature difference method. 
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acceptable error. 

3.4.2. Constant wall Temperature Model 

In the earlier work [11], a heat exchange model which 
has a constant wall temperature was proposed to predict heat 
transfer rate of a gas-to-gas counterflow microchannel heat 
exchanger. The same model is applied to parallel flow heat 
exchanger in this section. 

Fig. (8) (a) depicts a heat exchange model proposed. The 
configuration is the same as the heat exchanger tested. 

Namely, a heat transfer plate has microchannels and the 
plates are stacked. Dimensions of the model are the same as 
those of the heat exchanger tested. Although a heat transfer 
plate of the heat exchanger tested contains 34 microchannels 
and 20 plates are stacked, four microchannels and six plates 
are drawn to avoid graphic complexity in Fig. 8 (a). Flow 
passing through the model is assumed to be steady, laminar, 
and fully developed flow. Inlet conditions such as 
temperatures and flow rates are the same as experimental 
ones. Considering the thermal energy balance of the model 
leads following correlations:  

 

Fig. (8). Prediction of heat transfer rate. (a) Heat exchange model. (b) Prediction of heat transfer rate using the constant wall temperature 
model. 
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Q
h

= Ah
h

T
h,in

T
h,out

ln
T

w
T

h,in

T
w

T
h,out

          (15) 

 

Q
c

= Ah
c

T
c,out

T
c,in

ln
T

w
T

c,in

T
w

T
c,out

          (16) 

The microchannel has a rectangular cross section at 200 
μm height and 300 μm width. This results in a hydraulic di-
ameter of 240 μm. According to Shah and London [12], Nus-
selt number is 3.11 based on the hydraulic diameter with an 
assumption of constant wall temperature. The heat transfer 
coefficients hh, and hc in Eqs. (15) and (16) are obtained by 
Nu = 3.11. The heat transfer area A is 6.8x10

-3
 m

2
. Note that 

thermal energy balance leads Q = Qh = Qc. There are five 
unknowns: Th,out, Tc,out, Tw, Qh, and Qc. Combining Eqs. (9), 
(10), (15), (16), and Q = Qh = Qc, heat transfer rate can be 
obtained. 

Fig. 8 (b) shows the heat transfer rate obtained by the ex-
periment (EXP), Eq. (11), and the constant wall temperature 
model (CWT). The predicted heat transfer rate agrees well 
with the experimental results. The prediction error ranges 
from -4.2 % to -16 %. The constant wall temperature model 
predicts heat transfer rate well. However, the error is greater 
than that of log-mean temperature difference method de-
scribed in section 3.4.1. The log-mean temperature differ-
ence method is superior to the constant wall temperature 
model on the parallel flow microchannel heat exchanger. 

3.4.3. Applicability of the Log-Mean Temperature Differ-

ence Method 

The conventional log-mean temperature difference 
method cannot be employed for the counterflow microchan-
nel heat exchanger in earlier work [11]. In contrast, the 
method can be employed for the parallel flow microchannel 
heat exchanger in this study. Applicability of the log-mean 
temperature difference method is discussed in this section. 

On a conventional-sized counterflow heat exchanger, 
maximum possible temperature change is difference of two 
inlet temperatures, Th,in - Tc,in. On a gas-to-gas counterflow 
microchannel heat exchanger, a large amount of heat is 
transferred in a partition wall since thermal conductivity of 
the wall is extremely larger than that of gas. Temperature of 
the partition wall Tw will be average temperature Tm = (Th,in + 
Tc,in) / 2, namely Tw  Tm. Therefore Th,out does not drop be-
low Tw and Tc,out does not rise beyond Tw. Temperature be-
havior of a gas-to-gas counterflow microchannel heat ex-
changer differs from that of a conventional-sized counter-
flow heat exchanger. Consequently the conventional log-
mean temperature difference method cannot be employed for 
a gas-to-gas counterflow microchannel heat exchanger. 

Next attention will be turned to the parallel flow heat ex-
changer. On a microchannel parallel flow heat exchanger, 
outlet fluid temperatures in both passages will be equal to 
partition wall temperature Tw when heat is completely ex-
changed. Then the partition wall temperature will be average 
temperature, namely Tw  Tm. On a conventional-sized paral-
lel flow heat exchanger, outlet temperatures in both passages 
will be Tm as well. Temperature behavior of a gas-to-gas 

parallel flow microchannel heat exchanger is same as that of 
a conventional-sized parallel flow heat exchanger. Conse-
quently the conventional log-mean temperature difference 
method can be employed for a gas-to-gas parallel flow mi-
crochannel heat exchanger. The fact means that applicability 
of log-mean temperature difference method depends on fluid 
flow direction. 

4. CONCLUSION 

Pressure drop and heat transfer characteristics of a gas-
to-gas parallel flow microchannel heat exchanger have been 
experimentally investigated. We conclude that: 

(1) Experimentally-obtained pressure drop is significantly 
larger than that obtained by conventional correlation. 
Geometric configuration of a heat exchanger dominates 
pressure drop characteristics. 

(2) Conventional log-mean temperature difference method 
well predicts heat transfer rate of the parallel flow mi-
crochannel heat exchanger. The prediction error ranges 
from -4.2 % to -11 %. 

(3) The prediction error of the constant wall temperature 
model ranges from -4.2 % to -16 %. The log-mean tem-
perature difference method is slightly superior to the 
constant wall temperature model on the parallel flow mi-
crochannel heat exchanger. 

(4) The conventional log-mean temperature difference 
method can be employed for a parallel flow heat ex-
changer regardless of heat exchanger size. Applicability 
of log-mean temperature difference method depends 
only on fluid flow direction. 
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NOMENCLATURE 

A = heat transfer area, m
2
 

a = channel height, m 

b = channel width, m 

cp = specific heat at constant pressure, J kg
-1

 K
-1 

d = connection tube diameter, m 

Dh = hydraulic diameter, m 

f = friction factor 

h = heat transfer coefficient, W m
-2

 K
-1

 

Kc = entrance pressure loss coefficient 

Ke = exit pressure loss coefficient 

Kn = Knudsen number, Eq. (2) 

k = thermal conductivity, W m
-1

 K
-1 

L = channel length, m 

l = connection tube length, m 

 m  = mass flow rate, kg s
-1

 

Nu = Nusselt number 
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p = pressure, Pa 

Q = heat transfer rate, W 

Re = Reynolds number, Eq. (1) 

T = temperature, K 

U = overall heat transfer coefficient, W m
-2

 K
-1

 

V = velocity, m s
-1

 

 = mean free path, m 

μ = viscosity, Pa s 

 = density, kg m
-3

 

 = core free-flow/frontal area ratio 

subscript 

c = cold passage 

ch = per channel 

core = heat exchanger core 

exp = experimental value 

h = hot passage 

in = inlet 

out = outlet 

th = theoretical value 

w = wall 
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