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Abstract: Microchannel heat exchangers (MCHX) are increasingly being used in refrigeration and
heat pumps due to their superior thermal-hydraulic properties. However, when the MCHX sur-
face temperature drops below the freezing point, frost will accumulate on the fin surface, which
significantly affects the heat transfer performance. In this study, a modified MCHX with extended
windward fins was developed to improve the frosting performance. The thermal-hydraulic per-
formance of the modified MCHX and conventional MCHX were compared and evaluated under
frosting conditions. Results show that the extended fins on the windward side capture a large amount
of frost and delay the rapid blockage of air flow passage by frost. The modified MCHX structure
makes the frost more evenly distributed. During the 60 min frosting cycle, the total heat transfer
capacity and the mass of the accumulated frost of the modified MCHX are 9.6–49.7% and 10.3–46.9%
higher than the conventional MCHX, respectively. Furthermore, the modified MCHX has greater
potential to improve the thermal-hydraulic performance under the condition of more uneven frost
layer distribution. The purpose of this work is to provide useful guidance for the optimal design of
MCHX under frosting conditions.

Keywords: microchannel heat exchanger; frost formation; heat transfer; pressure drop; louver fins

1. Introduction

Under the background of carbon peaking and carbon neutrality, the application of mi-
crochannel heat exchangers (MCHXs) in refrigeration and heat pump systems has become
a research hotspot. Compared with the conventional fin-and-tube heat exchanger (FTHX),
the MCHX has the advantages of higher heat transfer efficiency [1,2], less refrigerant charg-
ing [3], and lower cost [4,5]. However, when the MCHX works in the winter, the frost
will form and accumulate faster on the fin surface [6,7], which will lead to a decrease in
airflow rate and an increase in the thermal resistance, thus reducing the heating capacities
of the heat pump units [8–10]. This is because the louver fins have many edges and corners,
which can serve as frost nucleation points in the frosting process [11,12]. In addition, the
smaller louver fin pitch facilitates the formation of ice bridges, thus potentially promoting
the frost layer growth rate [13].

The frosting characteristics of MCHXs have been studied extensively. Some studies [14]
have explored the effects of surface temperature and air environmental conditions on the
frost accumulation rate of MCHXs. They claimed that surface temperature and relative
humidity (RH) were the main influencing parameters. The effect of fouling on the frost
growth of MCHX was reported by Hu et al. [15]. Results show that the light fouling (20 g)
increased the heat transfer rate and the frost accumulation rate, while heavier fouling
showed the opposite conclusion. In addition, some studies have shown that the poor
drainage performance of the MCHX causes more residual water on the fin surface, resulting
in the rapid decline of the heat exchange performance during re-frosting [16]. Moreover,
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the poor drainage performance of the MCHX will prolong the defrosting time, making its
defrosting efficiency 22.5% lower than that of the FTHX [17].

To better inhibit frost growth and promote the removal of residual water, many studies
have investigated the structural characteristics of the MCHXs. Hrnjak et al. [18] found
that MCHXs with a larger louver angle (39◦) had a more desirable behavior after several
frosting periods in terms of the thermal and drainage performance. The influence of flat tube
arrangement direction on the periodic frosting and defrosting cycle performance of MCHX
was investigated experimentally by Xu et al. [19]. Compared with the horizontal orientation,
the vertical orientation had a better drainage performance and a longer frosting period.
Zhang et al. [20] found that using a parallel fin instead of the louvered fin in MCHXs could
enhance its drainage performance and extend its frosting cycle. Kim et al. [21] proposed
an asymmetric louver fin, which enhanced the drainage performance and the thermal
performance of the MCHXs heat pump system under periodic frosting conditions. Xu
et al. [22] presented a modified MCHX and compared it with the conventional wavy fin
MCHX. The study showed that the modified wavy fin MCHX with drainage function had
the best performance under wet and frosted conditions. Park et al. [23] proposed a new
louver fin with an unequal louver pitch. Results illustrated that the frost layer distribution
was more uniform, and the average heat transfer coefficient of MCHX was increased by
21% when the louver pitch successively decreased by 20%. Hu et al. [24] showed that the
distribution of refrigerant directly affected the uniformity of frost distribution. The flat
tubes of the MCHX were vertically arranged, and there was no partition in the header.
The heat pump system would show higher performance and stability. Hong et al. [25]
compared the heating capacity of the novel plain-louvered fin MCHX and the conventional
MCHX under frosting conditions. The heating time and maximum heating capacity of the
new plain louver fin MCHX were 102.7% and 14.0% higher than that of the corrugated
louver fin MCHX, respectively.

Additionally, in practical applications, some studies have found that frost is mainly
deposited on the windward side, causing the airflow passage to be blocked by frost
quickly [26]. Kim et al. [27] performed an experimental investigation on the frosting
characteristics of a two-layer FTHX with different refrigerant and airflow directions. Results
reveal that the amount of frost accumulation on the front side was significantly different
from that on the rear side. For a counter-flow heat exchanger, the blocking rate on the
front side was 94%, and that on the rear side was only 77%. For a parallel-flow heat
exchanger, the blocking rate on the front side was 98%, and that on the rear side was only
67%. The frost distribution characteristics of MCHX were investigated experimentally by
Park et al. [28]. Results reveal that the blocking rate of the windward side was 100%, and
the leeward side was only 68% when frosting for 200 min. Furthermore, Park et al. [28]
claimed that optimizing the fin shape on the windward side plays a key role in improving
the thermal performance of the MCHX. Park et al. [29] carried out an experimental study
on the frost formation of a louver fin with vortex generators. Results show that the vortex
generators can reduce the blocking rate of the front side by 15%, and the heat transfer
performance could be improved by 28%. Kim et al. [30] also found that frost growth is
mainly on the front side; reducing fin density and increasing louver pitch could effectively
improve the frosting uniformity.

As demonstrated above, the frost blocking on the front side louver fin is the main
factor that reduces the heat transfer rates of MCHX. Delaying the fast blocking on the front
side is a very effective method to improve the frosting performance of MCHX. However,
for the design of the MCHX, to pursue a compact structure, the windward side fin area is
often smaller [31]. This will cause frost to quickly block the spaces between the louvers
on the front side, and the louver fins on the rear side will not effectively work anymore.
To delay frost blocking on the front side, increasing the fin area on the windward side
is an effective method. For MCHX, this method has not been reported in the literature.
Therefore, it is necessary to improve the structure of the louver fin to be suitable for frosting
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conditions. The purpose of this study is to propose a modified louver fin to improve the
frosting performance of MCHX.

In this study, a modified louver fin MCHX was developed to improve its thermal-
hydraulic performance under frosting conditions. The modification scheme is to lengthen
the fin length on the windward side. The heat transfer and pressure drop performance
of the novel design MCHX was compared with the conventional MCHX under frosting
conditions. Moreover, the influences of air velocity, RH, and inlet coolant temperature
on the heat transfer rate, frost accumulation rate, and pressure drop behavior were con-
ducted. The results can provide useful guidance for the optimization of the MCHXs under
frosting conditions.

2. Experimental Setup and Measurement
2.1. Testing Setup Description

The experiment was carried out in an environmental chamber, which could maintain a
relatively stable environment and meet the experimental test conditions. Air conditioning
systems and heaters are used to maintain the environment. The temperature deviation
of the environmental chamber was maintained at ±0.1 ◦C, and the RH deviation was
maintained at ±3% RH.

Figure 1 illustrates a schematic diagram of the experimental setup, which contains
an air duct, a thermostatic water tank, a test sample, and data acquisition systems. The
test sample was installed in the middle of the air duct. The experiment used a fan to
drive moist air into the air duct system, and the speed of the fan was controlled by a
transducer. A CCD camera mounted on one side of the duct was used to observe the
frosting. Straighteners were installed on both sides of the sample to reduce eddy currents
for uniform air distribution. A heater was installed at the air duct entrance to provide
heat for MCHX defrosting. The temperature and RH sensors were inserted into the duct
to measure the air temperature and RH at the inlet and outlet of the test sample. The air
velocity was measured by a hot-wire anemometer. The pressure difference between the
inlet and outlet of the test sample was measured by a differential pressure sensor. The
pressure sensor has a measurement range of 0–200 Pa and an accuracy of 0.1% of full
scale. In the refrigerator thermostat, 40% ethylene glycol aqueous solution was used as the
coolant, and the lowest temperature could reach −40 ◦C without phase change. The T-type
thermocouple with an accuracy of ±0.5 ◦C was placed on the surface of the inlet and outlet
tubes to measure the temperature of the fluid entering and exiting the MCHX.

The two types of MCHXs used in this experiment are shown in Figure 2. In one MCHX,
the fins on the windward side were lengthened; that is, the fins extended 4 mm beyond
the flat tube, while the leeward fins were flush with the flat tube. In the other MCHX, the
windward fins were flush with the flat tube, while the leeward fins were extended. This fin
shape is a serpentine louver fin. The flat tubes were arranged vertically, and the fins were
arranged between the flat tubes. This installation was more conducive to the downward
flow of melted frost. The geometric parameters of the MCHXs are described in Table 1.

Table 1. The MCHX structure parameters for two samples.

Component Specifications

MCHX

Vertical height (H): 437 mm Horizontal length (L): 408 mm
Fin height (S): 8.1 mm Fin thickness: 0.1 mm
Flat tube width (W): 20.6 mm Louver angle (θ): 40◦

Louver pitch (LP):1.8 mm Flat tube thickness: 1.3 mm
Louver number: 10 Fin pitch (FP): 1.7 mm
Number of flat tubes: 34
Fin depth (Fd): 25.4 mm Extension length (P): 4 mm
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Table 2 shows the test conditions. The experiments were performed for different
inlet refrigerant temperatures (−7 ◦C and −10 ◦C), RH (80% and 90%), and the inlet
air temperature fixed at 2 °C. In addition, the inlet air velocity was 0.6 m/s, 1.0 m/s,
and 1.5 m/s, respectively. After MCHX worked in frosting condition for one hour, the
thermostatic water tank was turned off, the heater was turned on, and the fan speed was
set to the minimum for defrosting operation for 10 min. The specifications of the test
instruments are shown in Table 3.

Table 2. Experimental conditions.

Parameters Range

Ambient air temperature 2 ◦C
RH 80% and 90%
Inlet coolant temperature −7 ◦C and −10 ◦C
Frontal air velocity 0.6 m/s, 1 m/s, and 1.5 m/s

Table 3. Specifications of the measurement instrument.

Instrument Name Rang Accuracy

T type thermocouple −200–350 ◦C ±0.5 ◦C
Hot-wire anemometer 0–99 m·s−1 ±0.1 m·s−1

Air pressure transmitter 0–200 Pa ±0.4 Pa
Air temperature sensor −40–80 ◦C ±0.5 ◦C
Humidity transmitter 0%~100% RH ±2% RH

2.2. Data Reduction

The mass of accumulated frost can be calculated by Equations (1)–(3):

m f =
∫ t

0

.
ma(din − dout)dt (1)

.
ma = ρa·

.
Va (2)

.
Va = A·ua (3)

where
.

ma is the air mass flow rate in kg·s−1; din and dout are the air humidity ratio at the inlet
and outlet, respectively, in kg·kg−1; ρa is the air density in kg·m−3;

.
Va is the air volume flow

rate in m3·s−1; A is the area of the air duct in m2; and ua is the air velocity in m·s−1.
The air humidity ratio d can be obtained by the pressure and RH, as shown in

Equation (4) [32]:

d = 0.622
ϕps

p − ϕps
(4)

where ϕ is the air RH, ps is the saturation pressure of water vapor, Pa.
The coolant used in this study has no phase transition; the heat transfer on the coolant

side can be calculated by Equation (5).

.
Qc =

.
mccc,p(Tcin − Tcout) (5)

where
·

mc is the coolant mass flow rate in kg·s−1; cc,p is the specific heat of the coolant
in kJ·kg−1·◦C−1; Tcin and Tcout are the temperature of the coolant at the inlet and outlet,
respectively. The air-side heat transfer and the coolant-side heat transfer were verified and
their deviation was within ±5%.

Air side heat transfer rate:
.

Qa =
.

ma(ha,in − ha,out) (6)
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where ha,in is the air-specific enthalpy at the inlet of the air duct in kJ·kg−1, ha,out is
the air-specific enthalpy at the outlet of the air duct in kJ·kg−1. It can be calculated by
Equation (7) [15]:

ha = 1.005Ta + d(2051+1.86Ta) (7)

The heat transfer capacity is defined as the total heat transfer over the whole frosting
cycle, which is expressed as [32]:

Qh,ca =
∫ f rostingduration

0
Qh (8)

2.3. Uncertainty Analysis

The uncertainty of all parameters was calculated using the method proposed by Robert
J [33]. The calculated parameter R has the following functional relationship with a series of
directly measured parameters (X1, X2, X3, . . . , XN):

R = (X1, X2, X3 . . . XN) (9)

The relative uncertainty of indirectly measured parameters can be calculated by
Equation (10).

UR =
δR
R

=

√(
∂R

∂X1
δX1

)2
+
(

∂R
∂X2

δX2

)2
+ . . . +

(
∂R

∂Xn
δXn

)2

R
(10)

According to Equations (9) and (10), the relative uncertainties of the pressure drops,
frost formation rate, and heat transfer rate are calculated as follows:

U∆p =
δ∆p
∆p

=

{(
∂∆p
∂pin

δpin

)2
+
(

∂∆p
∂pout

δpout

)2
}1/2

pin − pout
=

√
δpin

2 + δpout2

(pin − pout)
2 (11)

U .
m f

=
δ

.
m f
.

m f
=

{(
∂

.
m f

∂
.

ma
δ

.
ma

)2

+

(
∂

.
m f

∂din
δda,in

)2

+

(
∂

.
m f

∂dout
δdout

)2}1/2

.
m f

=

√
((din−dout)δ

.
ma)

2
+(

.
maδdin)

2
+(

.
maδdout)

2

(
.

ma(din−dout))
2 =

√(
δma
ma

)2
+ δdin

2+δdout2

(din−dout)
2

(12)

U .
Qa

= δ
.

Qa.
Qa

=

{(
∂

.
Qa

∂
.

ma
δ

.
ma

)2
+

(
∂

.
Qa

∂ha,in
δha,in

)2
+

(
∂

.
Qa

∂ha,out
δha,out

)2
}1/2

.
Qa

=

√
((ha,in−ha,out)δ

.
ma)

2
+(

.
maδha,in)

2
+(

.
maδha,out)

2

(
.

ma(ha,in−ha,out))
2 =

√(
δ

.
ma.
ma

)2
+

δha,in
2+δha,out2

(ha,in−ha,out)
2

(13)

According to the above formulas and the calculation method of each measurement
parameter, the relative uncertainty of each measurement parameter in this study is obtained
and summarized in Table 4.

Table 4. Relative uncertainties of typical parameters.

Parameter Relative Uncertainty

Pressure drops ±0.4%–±1.3%
Frost formation rate ±6.6%–±9.8%
Heat transfer rate ±5.2%–±6.9%
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3. Results and Discussion

The effects of air velocity, inlet coolant temperature, RH, and windward side fin
structure on heat transfer rate, frost accumulation rate, and pressure drop behavior are
reported. Section 3.1 describes frost growth behavior on the windward side of the two
MCHXs. Sections 3.2–3.4 analyzed the time-varying heat transfer rate, frost accumulation
rate, and pressure drop characteristics of the two experimental MCHXs under different
frosting conditions during the 60 min frosting period. For brevity, the MCHX with extended
windward fins is called MCHX-A, and the MCHX with windward fins flush with flat tubes
is called MCHX-B.

3.1. Frost Growth Behavior Analysis

The eight pictures in Figure 3 show the frost growth characteristic of the two heat
exchangers at different time points. The experiment was carried out at an inlet temperature
of 2 ◦C, an inlet velocity of 1.5 m/s, an RH of 90%, and an inlet coolant temperature of
−7 ◦C. At 2 min, the frost first formed at the base of the fin due to the low temperature of
the fin base. Over time, the fin tips became colder, and the frost gradually spread from the
base of the fin to the tip; at 15 min, the windward-lengthened fins were covered with frost.
By comparing these pictures, we can see that the frost blockage of the MCHX-A was not as
severe as that of the MCHX-B. At 30 min, the frost-blocking situation of the MCHX-B was
much more severe than that of the MCHX-A. At 60 min, the extended fins captured a large
amount of frost, and the airflow passage was not completely blocked. However, the airflow
passage of the MCHX-B was nearly blocked by the frost.
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Figure 4 depicts the frost growth of the two heat exchangers at the early and late stages
based on frosting photos. In the early stages of frosting, frost usually forms where the fin
and the flat tube are in contact because the temperature is lower there. As the frosting
progresses, thermal resistance develops where the fin and the flat tube are in contact, and
heat begins to transfer more to the fin away from the flat tube. Therefore, the extended
portion of the windward side fins begins to capture frost. During the late stage of frosting,
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extended fins capture large amounts of frost to a degree that makes the frost distribution
more even, thus inhibiting rapid blocking on the front side. However, for the MCHX-B, the
frost layer quickly forms on the front side and blocks the airflow passage, resulting in the
deterioration of the heat transfer rate.
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3.2. Heat Transfer Analysis

The heat transfer rate and overall heat transfer capacity of the two MCHXs are shown
in Figures 5 and 6, respectively. As expected, the higher RH caused a rapid decrease in the
heat transfer rate. This is because with the increase of RH, the moisture content of the inlet
air increases, thus improving the mass transfer potential. With the increase of mass transfer
potential, the frosting rate is accelerated, and the heat transfer rate is rapidly reduced. On
the whole, RH had a significant effect on the heat transfer rate. The comparison between
Figure 5a and Figure 5b shows that when the inlet coolant temperature was −10 ◦C, at
RH = 90%, the heat transfer rate dropped rapidly after 10 min, while at RH = 80%, the heat
transfer rate dropped slowly after 20 min. In addition, the comparison between Figure 5c
and Figure 5d shows that when the inlet coolant temperature was −7 ◦C, at RH = 90%,
the heat transfer rate dropped rapidly after 15 min, while at RH = 80%, the heat transfer
rate dropped slowly after 25 min. From the above analysis, it can be concluded that when
RH increases, the growth of the frost layer is significantly promoted, thus worsening the
heat transfer rate. Furthermore, the coolant inlet temperature has a significant effect on
the heat transfer rate. By comparing Figure 5a and Figure 5c, Figure 5b and Figure 5d,
it can be concluded that at lower inlet coolant temperature, the heat transfer rate of the
heat exchanger declines earlier, and the decline trend is more obvious. This is because the
temperature difference between the fin surface and the air increases, leading to the rapid
growth of the frost layer, which deteriorates the heat transfer of the heat exchanger.
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As expected, the heat transfer capacity of MCHX-A is greater than that of MCHX-B.
As discussed in Section 3.1, the extended fins delay frost blocking and maintain a better
heat transfer rate throughout the frost cycle. The overall heat transfer capacity of MCHX-A
was 9.6–49.7% higher than that of MCHX-B under different frosting conditions. Moreover,
the heat transfer capacity of MCHX-A at lower air velocity (0.6 m/s) increased the most
compared with that of MCXH-B at four frosting conditions, as shown in Figure 6. With the
increase of ua, the proportion of improvement gradually decreased. This is because when
ua decreased, the air momentum also decreased, and the frost growth rate on the rear side
slowed, while the frost growth on the front side had an insignificant influence, resulting
in a more uneven distribution of the frost layer [30]. The MCHX with fins extended on
the windward side can effectively improve the frosting uniformity, and the worse the
frosting uniformity, the greater the potential for improvement. With the increase of ua, frost
uniformity increased, and the potential of MCHX-A to improve heat transfer performance
decreased. Moreover, when the inlet coolant temperature and RH changed to promote frost
growth, the growth of the frost on the front side would be more active, resulting in a larger
decrease in air humidity passing through the rear side; the driving force of the frost growth
on the rear side was reduced. Therefore, the distribution uniformity of the frost layer was
worse. As shown in Figure 6b, the more serious the frost condition, the more uneven the
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frost layer distribution. Therefore, MCHX-A has the greatest potential to improve thermal
performance, and the overall thermal performance is improved by more than 27%.
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As discussed above, lower surface temperatures and higher RH promote the growth
of windward frosting layers and make frosting less uniform. However, the higher inlet air
velocity resulted in better frosting uniformity on the heat exchanger. Under the condition
of poor frosting uniformity, the MCHX with lengthened fins on the windward side has
greater potential to improve thermal performance. Therefore, in this study, the MCHX-A
can improve the heat transfer capacity by a maximum of 49.7% compared with MCHX-B
in Tc,in = −10 ◦C, RH = 90%, and ua = 0.6 m/s. Meanwhile, the MCHX-A can improve
the thermal performance by a minimum of 9.6% compared with MCHX-B in Tc,in = −7 ◦C,
RH = 80%, and ua = 1.5 m/s. In summary, the heat exchanger with extended fins on the
windward side can make the frosting more uniform, reduce blocking on the frost side, and
show better thermal performance under frosting conditions.

3.3. Analysis of Frost Growth Rate

The frost accumulation rate and the total amount of frost of the two MCHXs are shown
in Figures 7 and 8, respectively. It can be noticed from Figure 7 that the RH had a significant
impact on the frost rate. This is because a higher RH will carry more moisture, increasing the
mass transfer coefficient and promoting the accumulation of frost. Comparing Figure 7a and
Figure 7b, for all inlet air velocity (0.6 m/s, 1 m/s, 1.5 m/s), the mass of frost at RH = 90%
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is 33.0–50.2% greater than that of the RH = 80% at 10 min. Similarly, compared with
Figure 7c and Figure 7d, at RH = 90%, an increase in the mass of frost of 18.8–61.2% was
observed as compared to RH = 80% at 10 min. However, in the case of a larger early frost
rate, the airflow passage will be blocked faster, and the frost accumulation rate will enter
into a slow growth earlier. Furthermore, the inlet temperature of the coolant also had
a significant influence on the frost accumulation rate. For all inlet air velocity (0.6 m/s,
1 m/s, 1.5 m/s) and the air RH (80% and 90%), the frost accumulation at Tc,in = −10 ◦C
was 7.0–19.1% higher than that of the Tc,in = −7 ◦C at 10 min. Besides, with the increase
of ua, the amount of frost on the fin surface will increase significantly. Irrespective of the
inlet coolant temperature and RH, the impact of wind speed on the mass of frost was more
significant. For all the inlet coolant temperatures (−7 ◦C and −10 ◦C) and the inlet relative
humidity (RH = 80% and RH = 90%), the mass of frost at ua = 1.0 m/s was 21.9–64.7%
higher than that of the ua = 0.6 m/s. Similarly, at ua = 1.5 m/s, an increase in mass of frost
of 74.8–94.2% and 17.9–46.7% was observed as compared to ua = 0.6 m/s and ua = 1.5 m/s,
respectively. As discussed earlier, the increase in air velocity can make the frost distribution
more uniform, so more frost can be attached to the fin surface. On the other hand, the
increase of ua can make the frost density larger, thus increasing the mass of the frost.
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It can be seen in Figure 8 that the frost accumulation of MCHX-A was always larger
than that of MCHX-B under different frosting conditions. This is mainly influenced by:
(1) The extended fins on the windward side catch a lot of frost. (2) The fins extending
on the windward side make the heat exchanger frosting more uniform. The overall frost
accumulation of MCHX-A is 10.3–46.9% higher than that of MCHX-B under different
frosting conditions. In general, the frost accumulation of MCHX-A at lower air velocity
(0.6 m/s) increased the most compared with that of MCXH-B at four frosting conditions.
With the increase of ua, the proportion of improvement gradually decreased. This trend
was similar to that of the heat transfer capacity. This is because, with the increase of ua,
the frost uniformity increased, so the extended fins on the windward side promoted the
frost uniformity potential to be relatively reduced. In addition, under the condition that
the RH and inlet coolant temperature changed to promote frost growth, compared with
MCHX-B, the MCHX-A had a greater increase in frosting mass. In general, due to the
higher heat transfer capacity of MCHX-A, the accumulation of frost on MCHX-A was
bound to be greater, but the increased frost was more evenly distributed on the fin, so its
frosting performance was better.

3.4. Pressure Drop Analysis

The air-side pressure drops of the two MCHXs are compared in Figure 9. The rapid
growth of the frost layer led to a blockage of the free airflow passage, resulting in the rapid
rise of the air-side pressure drop. As discussed earlier, RH has a significant effect on the
frost accumulation rate and heat transfer rate. Similarly, RH also has a significant effect
on the rate of increase in pressure drop. Irrespective of the inlet coolant temperature, air
velocity, and fin structures, the effect of RH on pressure drop is significant. It can be seen
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from Figure 9b, d that the pressure drop increases rapidly in the early frosting stage. The
pressure drops for RH = 90% are about 16.5–98.1% higher than that of RH = 80% at 20 min.
At a higher RH, the increase in frost growth rate led to the increased air-side pressure
drop. The impact of air velocity on pressure drop was also obvious, and the pressure
drop increased with the increase in air velocity. For all the experimental conditions, the
pressure drop at ua = 1 m/s was 26.1–56.4% higher than that of the ua = 0.6 m/s. Similarly,
at ua = 1.5 m/s, an increase in pressure drops of 60.6–195.4% and 27.3–71.3% was observed
as compared to ua = 0.6 m/s and ua = 1 m/s, respectively. The inlet air velocity had the
greatest effect on pressure drop.
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As expected, the pressure drop of MCHX-B was usually greater than that of MCHX-A
because MCHX-A has a smaller blocking ratio than MCHX-B during frosting. MCHX-B
can have a maximum pressure drop difference of 8 Pa greater than MCHX-A under all
frosting conditions. The difference in pressure drop between two heat exchangers is affected
by frosting conditions and frosting time. In summary, it is shown that the MCHX with
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extended fins on the windward side can effectively delay the frost-blocking rate and reduce
the pressure drop.

4. Conclusions

In this study, a modified MCHX was proposed to improve heat exchanger frosting
performance by extending the fins on the windward side. The heat transfer rate, frost
accumulation rate, and pressure drop characteristics of the MCHX-A were measured and
compared with the MCHX-B under different frosting conditions. Based on this experimental
analysis, the main conclusions are as follows:

(1) Frost is mainly deposited on the windward side of the heat exchanger. Extending the
length of windward fins can effectively capture a large amount of frost and make the
frost distribution more uniform, thus inhibiting rapid frost blocking on the front side.

(2) In the early stage of frosting, frost mainly grows in the area where the fin and the flat
tube are in contact because of the lower surface temperature. As the frost progresses,
the extended fins on the windward side begin to capture the frost. Therefore, the heat
transfer rate of the MCHX-A is nearly the same as that of the MCHX-B at the early
frosting stage, and the former shows better heat transfer performance than the latter
as the frost progresses.

(3) During the 60 min frosting cycle, the total heat transfer capacity and the mass of frost
of the MCHX-A are 9.6–49.7% and 10.3–46.9% higher than the MCHX-B, respectively.
In addition, the pressure drop of MCHX-B is larger than that of MCHX-A under
all frosting conditions. This is mainly because the extended fins on the windward
side capture a large amount of frost, which reduces the airflow attenuation rate and
increases the heat transfer rate and frost accumulation rate of the heat exchanger.

(4) The MCHX-A has greater potential to improve the thermal-hydraulic performance
of MCHX at lower air velocity (0.6 m/s), where the frost layer distribution is more
uneven. With the increase of air velocity, the frost layer uniformity is improved, and
the proportion of MCHX-A improving heat transfer performance decreases gradually.
In addition, as the inlet coolant temperature and RH change to promote frost layer
growth, the potential of MCHX-A to improve heat transfer capacity increases. In
conclusion, the more uneven the frost layer distribution, the greater the potential of
MCHX-A to improve the heat transfer performance.
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