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Abstract The objective of this study was to investigate the cooling performance characteristics of a hybrid
refrigeration system in a heavy duty vehicle. The tested hybrid refrigeration system had additionally an electric
compressor besides the present mechanical compressor for selective use according to the operating conditions. The
applied electric compressor was a scroll type and with 18.0 cc displacement. In order to analyze the performance
characteristics of the hybrid refrigeration system with respect to the cooling capacity and Coefficient of Performance
(COP), other components, including two different types of compressors, were installed and tested under various
operating conditions such as compressor speed and air flow rate of the evaporator. When the electric compressor
was operated at 4,500 rev/min, the cooling capacity was about 4.0kW and COP was 3.5. When the mechanical
compressor was operated, whereas the cooling capacity was higher than the electric controlled compressor, COP was
lower due to the larger displacement and higher power consumption. To analyze the hybrid system operating
characteristics due to reasonable cooling capacity with electric compressor operation, the mechanical compressor and
electric compressor were operated by turns every 10 minutes under certain system operating conditions. Because surge
pressure occurred when both compressors were switched on, the operating strategy required some time to balance the
system pressure.
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h : A& 3(enthalpy, kl/kg)

Qm : WHk8-2K cooling capacity, kW)

W: 9437 2R %2 (compressor work, kW)

COP : YA 2~Hl g S(coefficient of performance)
R.H : %55 X (relative humidity, %)

RPM : 3}=7] 3] 4x(revolutions per minute, rev/min)
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compressor

Table 1.

Specification of tested system components

Components Specifications
Capacity (kW) 10.15 at 6 m/s
Condenser Type, core size Multi-flow type,
(mm3) ‘W478xH318xD16
Capacity (kW) 5.2 at 500 m*/hr
Evaporator Type, core size Multi-flow type,
(mm3) W250xH197xD55
Electric Type Scroll
Controlled Displacement
C 18.0
ompressor (cc/rev)
Type Reciprocated
Mechanical - P P
Compressor Displacement 170
(cc/rev)
X Type Thermally controlled
Expansion valve
Flow rate(kg/h) 50~250
Table 2. Tested system test matrix
Components Conditions
Tevaporator, in(°C) 27.0, 35.0, 45.0
RHevaporator, in(%) 50.0
Qevaporator, in(m3/hr) 250 ~ 450
Tcondenser, in(°C) 35.0
Vcondenser, in(m/s) 3.0
Electric controlled compressor speed (RPM) 4,000~6,000
Mechanical compressor speed (RPM) 600~2,100

Schematic diagram of the hybrid cooling system with
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electric-controlled compressor and mechanical
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Table 3. Test equipment and uncertainty of the experimental
parameters

Items Accuracy

Thermocouples
(T-type)

Pressure gage
(Sensors, PI3H)

+0.1 °C

+0.1% (Max 250 bar)

Mass flow meter

+0.159%
(Coriolis type) 0.15%, Max 680 kg/h

Data logger E. Gate IP (V3)
(Gantner) (2.93 W @ 12.06 V)
Cooling capacity 4.5%
CoP 5.8%
90.0
= Volumetric efficiency
85.0L © Isentropic efficiency
é 80.0 °
3 7500
c
2
é) 70.0 )
]
W 50l = n
°
60.0

1,000 1,500 2000 2500 3,000

Compressor speed (rev min™)

Fig. 2. Efficiency of mechanical compressor
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Fig. 3. Hybrid A/C system performance characteristics
with the mechanical compressor
(a) Variation of compressor speed @ 500 m® hr'
(b) Variation of air flow rate @ 1,800 RPM
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Fig. 4. Hybrid A/C system performance characteristics
with scroll type electric compressor with
variation of compressor speed
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Fig. 5. Hybrid A/C system performance characteristics
with scroll type electric compressor with
variation of air flow rate
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Fig. 6. Hybrid A/C system performance characteristics
with scroll type electric compressor with
variation of air inlet temperature

U578 H4349S W, Ao §1 45 220904 o 4.0
o

9] COPE Ho]Fal 9lr) ZH
A7 E A}%B‘}ai% w BT}, oF 20%

423

30
Pressure

25l Elec. Comp.In —— Elec. Comp. Out
— Mec. Comp.In —— Mec. Comp. Out

N
o
T

Pressure (bar)
3 o

[3,]
T

0 50 100 150 200 250
Time (min)

Fig. 7. Hybrid A/C system operating characteristics at
compressor with high speed mode for each
compressor

=
st}o 450 Cxa o e e
q

S 219, s 10}0%1 NzEl B8 ASET.
AEA QHE7)7F A 815U Aol 4.0 kwel
2 wolw glv] wEal, 71744

h =
Aol AHEE AEY 4571 E HEshoiAl,

= wAskTh A7kl A,

Hﬁm o] &?ﬂ% x| A ANAA S e =
e B
- hUS

A7) fiselA, 2t o

Nt o2 do it Ao

Axl



A7 &8 e) =2 A #1204 ALE, 2019

o

o
of
-

o] LANZFE 10 min AERE slodA], 7= 7
i, 1 ANE Fig. 70] YERIITE H7F Al &5
57 278350 C, 3.0 m s-10]3, 7] =9
Z71827.0 T, 50.0%RH, 450 m3 hr-1°1 t}.

ZoME dsd 7] 3,300 RPM, 71414 =
Skt W7 A3E BA W9,
12.0 bar =o)L, 71412 Sh=
H=71 4 “Eﬂ ibrhabel
A= 297t BAsH L

3

o 2

)

J{N lﬂ
3 N o N ofd JIN'
!

@ o e ot

»

[=)

S

(e}

<

o o

Y _l>'
1“ op

Mo o0 ool o I
g
- J‘{N'
i SIS
rr rlr
posk
o
il

o b
o,
rir
jn
o
v
ol
4o
ro,
o
4o

O

—_
o]

o
S

4k
FN
o
M

f
Qo ™
o
fal
2
N
I
O

-~

e

2
>
Ho
Y
oy
=
oz
N

i
e
zQ
o
ox
=
1

(o
HoF

Oﬂo
O
—_

LN
o
£ o
-
oX,
=
=

e o2

L
fd
s
i,
2
o)
i)
P
o

QL
)
Hir
3
roh iﬁ
M 2
M
o
frt
el
Y
)
=
30,
O,
i I

1

i)
=

e L= E Ll
SlatolA, AE A gHlo] s ﬂouﬂﬂ

oz

Il
o o 2 % o

=
il
ot 2
=

%
[>

2 o
2
0%0
[
o
RO
o
32
T
o
i
X r
é.li_"/
N
iy
i
E
2
e > oot
)

o,

2) ~
kwe) %Hg*é < HOb— A

i)
A
3) A
g
=

il

b

T 3o
0 o~ Jf
2 ooz 2 2 [o 1o

ﬂ_
rr
g o Mo
lo
g
Bl
pa
N
=)
M
=2,
>
Y
o2
i)
>
2 92 4o
e

4) o

References

[11 H. S. Lee, J. P. Won, C. W. Cho, T. K. Lim, H. B. Jeon,
M. S. Han, J. G. Kim, Y. C. Kim, "Experimental study
on performance characteristics of the hybrid cooling
system with rotary type electric controlled compressor in
a commercial vehicle", KSAE annual
conference(KSAE17-S0372), pp. 858-863, 2017.

[2] K. W. Han, S. G. Kim, C. H. Lee, M. H. Choi, Y. G.
Jung, Y. C. Lim, "Commercial vehicle anti-start air
conditioner compressor system using a power conversion
unit", Journal of the korean institute of illuminating and
electrical installation engineers, pp. 96-108, 2015.
DOLI: https://doi.org/10.5207/JIEIE.2015.29.6.096

[3] K. W. Han, S. G. Kim, Y. G. Jung, Y. C. Lim,
"Development of the anti-start air conditioner
compressor resonant DC/DC converter for commercial
vehicle", The transactions of korean institute of power
electronics, Vol 19, No. 6, pp. 557-563, 2014.

DOI : https://dx.doi.org/10.1155/2013/282313

[4] K. W. Han, S. G. Kim, C. H. Lee, M. H. Choi, Y. G.
Jung, Y. C. Lim, H. H. Cho, "Development of the
anti-start air conditioner system power conversion unit
for commercial vehicle", Power electronics annual
conference, pp. 139-140, 2015.

[5] H. S. Lee, J. P. Won, C. W. Cho, T. K. Lim, H. B. Jeon,
M. S. Han, J. I. Kim, Y. C. Kim “Experimental study on
performance characteristics of the hybrid cooling system
with rotary type electric controlled compressor in a
commercial vehicle”, KSAE annual conference, pp.
858-863, 2017.

[6] L Y. Park, J. B. Won, H. B. Goh, K. S. Lim, “Optimum
control of A/C system for hybrid car by electric
compressor”’, KSAE annual conference, pp. 2155-2159,
2011.

[71 H. S. Lee, M. Y. Lee, “Cooling performance
characteristics on mobile air conditioning system for
hybrid electric vehicles”, Advances in Mechanical
Engineering
DOI : https://dx.doi.org/10.1155/2013/282313

Lo

0] = “g(Ho-Seong Lee) [E2lH]

0200611 2¢ : ;g 7] AEsh
5 (3D

0200711 9¢¥ ~ AAl . ATAHE
AT AdAT¢

o

AR YA AN 9 B AER dae



482} sto|Be|E YA AY @ 5 B4 A

Z b H(Han-Byeol Jeon) ("33

020159 2¢ : Sl 7|48
I} (T

02011 1Y ~ Al . ATAFE
A7 A9
<A ol
At WA 2 S 2 FGrh AHsAk A3k
Z A L(Jung-11 Kim) [HE]H]

0200041 2€ : FHEUIEA 7]AESt

o (FA

020021 ~ 2003 : CMSTech. Co.
CAEE%
©2003 ~ 2005 : ECIM Co.

Ltd. CFDE%
020051 ~ &4 :
252} CAEE#

CEDIC Co. Ltd.

<qHlol
A5 2 ) G B 4

0] & H(Moo-Yeon Lee) (M3

020104 2¢ : weltstn 7)1 A&st
5 (33

20114 2€ ~ 20124 8¥ : A%
AHE AT AddTd

20121 9¢Y ~ AA
71 AE & ae

Foleystit

<¥A ok
A AEA A, YBAAY, ARAA, hehA

425



