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Abstract The cooling performance of heat pump system for light-duty commercial electric vehicle was
evaluated experimentally. The cooling performance characteristics of the heat pump for light-duty
commercial electric vehicles were evaluated by varying the temperature, flow rate of chiller coolant, and
electric compressor speed, under the exterior air temperature of 35 °C and interior air temperature of
25 °C. Increasing the compressor speeds decreased the cooling system efficiency by 16.4 % on average
with the cooling capacity increasing by 8.0 % on average and the compressor work increasing by 27%
on average. To use waste heat from the coolant to chill power electronic components, such as the motor
and inverter, a chiller was installed to transfer heat between the coolant and refrigerant. Increasing the
temperature of the chiller coolant from 35 T to 55 T decreased the efficiency by 18.2 % on average
due to higher condensing heat source. Increasing the coolant flow rate from 10 liter/min to 20 liter/min
did not affect the cooling capacity of the system due to a similar total condensing heat transfer rate at
the chiller and the exterior heat exchanger. In future works, heating performance will be investigated
by varying the operating conditions to use the chiller's waste heat with an improvement of heating capacity.

Key Words : Light-Duty Commercial Electric Vehicle, Chiller, Heat pump system, Cooling performance,
Coolant operating conditions

E =EO0 AEAXAEA AUste AA7|EFAARI(ESTEALAE(ATC, 1005189041, =718 AZ2AH R&D ARI(EAL,
P036700113)0.2 AgPE ALY,

*Corresponding Author : Ho-Seong Lee(KATECH)

email: leehs@katech.re.kr

Received November 4, 2019 Revised December 4, 2019

Accepted December 6, 2019 Published December 31, 2019

69



A7) &8s =82 4208 A123, 2019

9|
il

1. M2

A 71ed BAR = TAY YA AdEAtol o
A =4 AP Agte] ST = v E4 viS-E
EY 8+ 271 &P A 5 T4 EFAYO]
HL2A| AJAotHA A&H0R Frstar Sk 9] 4
§ A8 T FEE olE% IE20EE ATEY
20154 7]% 17.69EC2 20119 14.42E 9] 22
% F7tetR o, 2 SESEEEY 91.3 %E A
3lo] 20119 89.6 % WiH] 1.7 % Z7151= &5 HlF0] &
7¥sta Qi FAlolt). A8k 58} | &2 P4l
Fole Etotal B L HET 2AH7IA(CO)) HiEHF
o] #2 HoR I A48a BRde= A PE@J oF
27 %W(EE71)0l ottt FHLANOYol 71od&2
oF 80 %°ll S5k, HAAA|(PM10)9] F-oll= %A 1
At &9 77 %E AAsta itk B9 *JQXP—
g AaAEHEE(NO,) Hﬂg%k >-82ke] 9.24, &

(PA) 2. 232900 ol i, A 2 3
BAE 28 LAk hEU0R A=k, Fust 24
7i M A o e SiE 2 Yae A

‘:‘E*—Ml 01T01 Aa &’lﬁ}.

WA HA/ 18 B AAANS BasHT
914 Qobd, S SIgh M Aglo] Wasto] -aax =

& A8H= e 7168 9] 25 w2t 7
A-olle FYATE 20~50%7HA] RorR|= 7;1
A HI glow, AEAE B=Y %FF—

A, &g IR A7} o]Foix]7] wiize], %*

7t 5& A7l MW o =27] gz, 3

fa7h 58 o &

Al2E 9] 0440}04 %

T 7o) F Q3 Alsto|t}

_‘,3_ 7};(4.9. A|A"o| Ago] b

S8l #8317

1 9l 7]%=, TOSHIHISA et al. [112 ¢

7] S} S| ERI} 1A dobiy] 1A

| 7] Ao F SEEE ALHE T35

A SEy 917 B7] YUOR SR SJEWZ A2Y

o] 4844 H7] SRt A7NUAS AT Y

A& HojF1 Q1 Antonijevic et al. [2]2 S|EHT

Al&dlo] PTC HM7]sE e} A9} d55H

sithal 3L} Woo et al. [3]12 17]“ A3t “ﬂcﬂo-]/]

o}FAY o3t A/ AFAE F|E 5

|o

H”z%ﬁ
£l>%fﬁﬁ°ﬂ
of, o @

i ox

=i g

7

1_.

70

goll s st 7129 371
/\Eiqu. ﬂ]oﬂo ]S o]_Q_f,—], /\]/\Eﬂoﬂ/ﬂ
P}, ZF A4 o] Fakeek
BUE FA9) ol ol5 R 5
] A Zsto] B S vHloleiA £
g A5t Choi et al. [4]‘_
sS4 547 &7l g FPA
A AHO A H7lE B S|EFEI A AH
7 2%l W& 2 301:’8‘01] s AHA AFE
319, Park et al. [51= A7|X2EE S|EHILO)
E4 42 sk MATLAB / SIMULINK #Hgojx
R134a 3|EHI Ry} 78 nUle AA5k], muo

29
o
ol

it

jgmlor
>,

% e
,
o]r
1> o
oo

o
H=3%xO

T= OHQO]'

N,

ol
lrn
o o
ll:
>,
[>
ol

.‘

T =
k]

£ o 2 4

rll
i)
> i
L
0

|

[

A

‘Q
ol

Rl

d

i OE—EL

ok
m
o,

-Lu.

i
T

o ot [E |

Ho r>4

_L,F_\N.,

o83} ALo|A SERL 45 B4 UE A 2
EHSE Uehd 4 glor, BE A% THE S50
H 85719 F479) £ vlng A7E APshelct

71&q A7 =Es0lMe dE ¥Aole
SHA] @i, Al 7] e skl low, 9]
HAPIA = 7Rt S|EHE AAHS AYdue]E

|

o3, FE s, A AU AlSA 3 s A
Stoll HiRt EA7E
EV B84 3|EHI AL = oA Pufet
YZp7t duiglo] ool A Yzt st
e Fol YrE I ALEHAM, 7Had Y=t
S|E|FojZ 7}A, 1)r‘ﬂk’ﬂ ARE. |EEo1E ARESte]
] 2, Alge A8 FEAelEE A8t
Yz st Algol %*1011 7Fsstol WiAds Askt
olFojA %= FHE 7ML At
2 AFoAM= BV 8RS SIEHZ AAFI0IA Y
A dejet R due|7t 8571 ‘5(5 = frﬁooﬂ IR

A BRI A 2asiglon,
W WA sle] AAHY B A —E—Ag 3 o]
A BEE WA LA AEA

2. AEEX 2 Y
2.1 AedEx| 3 HeALt
EV 848 S|EHZ= A4 94=7], E2|(Chiller),
A Q) WS7|(Exterior Heat Exchanger), S%7]

(Bvaporator), TXV(Thermal Expansion Valve), o5
EYo]El(Accumulator) 522 FA= 0] Ut

A e YR S5T7F0] dojue, A
W PHREd fols 357 9 AN

122



BV 48718 SIEEZ A28 W o7 540 B

%

a7

2= go= FU7| I 5, 01%?—1]0]3—‘: s
4] A5710 B9 W7t Soi7HA] oA BS
UEE ST A FEAl tigk A /\}Oko
Table 194 H+= vie} gt}

EV 848 SIEF I AAHY] H5S B76H] 9
St A% A9 viX| =& Fig. 1914 Ei= vRel gt}

YR oA due] 553 @”%H‘:q Y7} 4571

oA FFEoIA, AL} JRIwIT| A S50l
Pojuhar, TXVA BHE-E doid Fof FL7]olA F
Lol dojyirt.

LA PPALOAE 857 SR WolE S

aSh, BV 4848 Sl=BE Aage e deio
W4Tt AR seA Wivk 55T, dndng

N,

oA 3719 FrHHoR Fuge sHA Yuirt E
1:]- Jofj7} & T Ho] 2%0] AFPE= A|AH

(]
N
_°,

M
4
ox F
%
_q

AR BV 48
28 RS B4 Sstol,

]Eu—]_u. A|AHQ] 1gHF

[o e}

AlSz o7

ol rhe
)

[
ot
ol
ok
1)
. l

ot
2

N
ri ru

Fa7] Aol ehe chort 202 Aol &
wisle Aol W4 L U WAs sl o
o, A5 4%7] Bd5o] dhat Wit 54 ke

Sogetith. £ A7) 4Y 24 Table 2004 B

rSﬂ 2
FE

E Heater Core

Water Pump

E

Accumulator

mi — %\-L
Compressor
driver Data quqel

Coolant Evaporator

Flow Rate

Blower

Electric
Compressor

Cooling Mode
Coolant

Combuter

Fig. 1. Schematic diagram of heat pump

Table 1. Specification of tested system components

Name Specification
Type Scroll
Electric -
Compressor Displacement 27.0
[ce/rev]
Layers NO. 24
Chiller
Core Size [mm] 142x80% 68
Exterior Type Parallel Flow Type
Heat
Exchanger Core Size [mm] 465%365%12
Type Parallel Flow Type
Evaporator
Core Size [mml] 216x200%48
Expansion T Thermal
Valve ype expansion valve
Accumulator Volume [cc] 300

P de L] 3715014 Lolue FEHskE
o83t Eq. (ol ofsiA Alikert.

Qcoolin_q = W.La(ha,i - ha,o) (1)

Where, m, denotes air side mass flow rate, h,;
denotes air side inlet enthalpy, h,, denotes air

side outlet enthalpy

AFA 427] 2HABL Bq. ()] 3] AFA

2717h AT oS At

o

D

W= mref (h - href,c,i) (2)

ref,c,o

Where, m,.; denotes refrigerant mass flow rate,

h denotes refrigerant compressor outlet

ref,c,o

enthalpy, h,., denotes refrigerant compressor

inlet enthalpy

Wl Aegl AT ok2y| Av|AE AARE S o]

B5to] AA”Hl B8 Eq. (3)°0 9siA ALk
Qmol’ing
COP, wolmg 7 (3)
Where, Qyon, denotes cooling capacity, W

compressor work
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Table 2. Tested system test matrix JuF 450 SVERELG AE7]| 4=7] AvAEe &
Name Test Condition 7]—3:.];_01 /g—q]ﬁ o= = ;‘:';—O %7]—6}0:]’ /\]/_\'Eﬂ —“-%o]
Flectric Compressor Speed 4,000, 5,000, A=Al 27| S-S 2716 oF 0.74 Ax 7HE0
Compressor [RPM] 6,000 -
Coolant Temp. [C] 35, 45, 55 F AL ago] Haditt. Hdier oA A
Chiller Coulﬁiterl;l;)l\;:ﬂRate 10, 15, 20 AHl 982 oF 164 % Ax A
Frteior Rir Temp. (0 z P-h AES BY, BEA 37 47t SR
Heat =0 0]A]3] L AFES
Exchanger Air Velocity [m/s] 3.0 5 USSR RAEE Ae 2]t v, A
Air Temp. [C] 25 A 4E7] JRFTE SRR AYS do] WolA
Evaporator - RH. (%] 60 = ﬁo%hg HQ 113} ;q?:l-z %]—Ejo] ]7%0]']]%, LgUHQ,] gx:]'E
Air Flow Rate 450 -
[m'/h] = st
gole] W} AR, Wole) B st
Tl 3. Tes codpment s uncriny o b g 93 1349 A0 HHAOL 2 Fo2
Folelel, Wrls A g3po] Frlelol, U] 371

Items Accuracy

Thermocouples
(T-type)
Pressure gage
(Sensors, PI3H)
Mass flow meter
(Coriolis type)

+0.1 °C

+0.1 % (Max 250bar)

+0.15 %, Max 680kg/h

Data logger E. Gate IP (V3)
(Gantner) (2.93W @ 12.06V)
Cooling capacity 45 %
COP 5.8 %
3. Aeidn & uFE
3.1 T34 UFT| oW Helo| Fet
54 Qi) s e w7 AL

= 35 CollA o7d
JT T71= 25 T, 60 %RH, FF 450 m*/h&E 114
AZt Y Yol 25k 35 T2 Ay J7449] &
2 10 liter/minCo. & st 0¥, As4] 4=7| A5
£ 4,000 RPM, 5,000 RPM, 6,000 RPMZ H3}E A]
7|HA AIARIS] R /4L Theteloitt. Fig. 2+ A
4] 457 A4 M Y] WidE, AHRE, 12,
AAE 58 AJFS HolZ7 9y, Ak st BAe
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B A0 R FIRE Hie} 24 3]HgoAo] ¥t
A5 9k 8.0 % = Z7I8H
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3AS7t 7151 0.3 kW A 7HEo g Z7)si) W
Hew Sl oF 27.0 % Ax HEog ZU)si
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