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Waste heat recovery performance of electric vehicles

in various subzero environments
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2. China Automotive Engineering Research Institute Co., Ltd., Chongging 401122, P. R. China)

Abstract: The waste heat recovery performance and energy consumption of PTC (positive temperature
coefficient) heater in electric vehicles under subzero environments (— 10 C, —5 C and 0 C) were
investigated. Based on the vehicle thermal management system of a commercial electric vehicle, an
innovative waste heat recovery system was proposed to significantly reduce the energy consumption of
thermal management system. In addition, rule-based control strategies were developed to control the fan,
pump, proportional valve, and 4-way valve. The results show that waste heat recovery technique fully took
advantage of the waste heat generated by the electric drive system. Heating from —10 C, —5 °C and 0 C
(ambient temperature) to 15 C, the waste heat recovery reduced the energy consumption by 209.5 kJ,
406.4 kJ and 460.0 kJ, respectively, compared with traditional methods.
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Fig. 1 Thermal management framework of waste heat recovery
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Fig. 2 The 3D cloud maps of motor efficiency and motor controller efficiency
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Table 1 Specifications of the EV, motor and motor controller

2= PR FLHIL HL AL 1
2 HUH 28 Bt ZH HUH
Fiit . m/kg 1 812.06 HL AL BT o kg 54 FL AL ] 4% BT B/ kg 9.5
B, 9.11 BWE T H kW 60 WUE D/ kW 60
R RE 0/ % 95 I KT %/ kW 125 AR/ V 400~750
BG4 r/m 0.355 A/ (N-m) 120 BHWRAIREIE/C  —40~65
HIMEE g/ (m-s™") 9.8 B 5/ (r-min 1) 280
RN I REL S 0.01 RRIRF /A 468.2
RN FRELCy 0.35 R R FEHL L/ A 470.7
X AR LA /m? 2.604 FF % B R/ V 240~451
Jo R i R A0 1.04 VAR ERE/C —40~70
Po.=P./ fue> (2
Poo =Pl =79 (3)

iﬁqﬂ:nmﬂln,,,(-ﬁj‘%‘]%%ﬂ*ﬂ%ﬂﬁ‘%‘]%ﬁ@iﬁ%;Pmﬁ%*ﬂﬂ"]iﬁ?/\%%;EEM%%U%%E‘J?@/\IJJ%PW EREEY
*ETE“?@NK@" s A — IR A T G T B T O R 4 Bk g — B A 4L L0 2R WLTC
(World-wide harmonized Light-duty Test Cycle) T.1 F A ¥ & AT R ¥ % 300 W, Ktk = & — o {4 Ay 5
SR BT B ™ 3 0 s (B 300 W,
2.2 HBteEHmER
A SCH R A FE b, Sy PR A B R S R O I T B 2 R R b B T T S B R S RO B R
79 mm X148 mmX102.8 mm, N4 180 A-h, B i 2.80 kg, TAEHRE-30~55 °C, @i far HLAR A&
SOC(state of charge) i FHYE I 5% ~95%0 . 8 1 7% 75 750 H, 9 32 P2 o A9 28 B p s iy B4 A Ak HRORN 8 H 3 3
B3 2B T S R AR /)N DRt Z M AN T, F AL Y A R Qe X (4) ~ (8) 3L

Quar =Q, +Q; 4
Q}):Ii(RliRc) ’ (5)
Q =I,R.. (6)

nVoc — (nVOC)Z - 4 Rt Pl\

I - b
’ 2R, )
P,=P.+P.+Perc+ P, (8)

. Q, WAL ; Q5 AR5 T, Ay Fi vty A 70 I F FlL U 5 e 37 P Tt B UAR 5 R 37 F Tt B R B P BEL L BRI 1Y
PIBELAA 5 TR A SOC 45 R an ] 3 Ca) 7R s R FLSHL DY BEL 5 Vo Sy H Tt B 0K (39 JF B Pl T JF B8 PR PR 5 1R
JEFN SOC By MR L5 H A& 3(b) 7R s Py o AL TS D 385 P SR R i ML I 585 P e s PTC T35 Py oy Hifth
REAE R R,



48 TR K FFHK % 45 %

3.5300
3.1880
2.846 0
2.5040
11620

3.205
3.311
3416
3.522

3.627
25 1.120 0 i

S 20 1 1.478 0 -

& B 60 a.288

& 15 3.944

4.049
4.155
4.260

0.794 0
0.4520
0.1100

o

(b) JFEEHLE

3 $EER jth B 4K X BEL A0 T 8 FB I map

Fig. 3 3D cloud maps of the resistance and the open circuit voltage of the lithium cell

2.3 HWABETHHEPIER
%K L B R RS i s A i HOJ2 U S OGS 19 28 AR g, AT RS 2R iV
1) BRI -
H=f(V.q). 9
AR B e B A i B SR I A B TR 4 Sy B I O
Br e V=16 Limin
—+— V=12 L/min

12 - —— V=10 L/min
—a— V=8 L/min

BPThENw

gu/(m-s7")
4 HIFSRBAERE
Fig. 4 Heat exchange performance of the radiator

‘?ﬁ‘“%ﬁﬁlm%%ﬁ@
SIME, B

UL F P 3 2 A s — S YRR AT R A R R R Y HE XU R R KU 0 B 8 T £ =
JRE T £ XU A

& H>}

V=V T Vimo (10
Vo IR E R B2 3R A 5 Vo, RUBS T R 14 451 40 XU
A To M HUALAE SR LA S AT R R S R R A A BRI BT, Do R AR AR QL X
AL,
Q. =cmAT, 1D
e BICHFM NG om R TCER G, AT ook i B AR 4L
= JC A E LA A R LR Y ) AT ARG A e 20 A (A 2) AR



% 8 4 FHE,F . ARIKRET O35 & ek 49

=a. A(T—T.,), (12)
Ao g SEXF R PGE R ]/ ssa NG RIEE R W/ (m® KD s A BRI AR, m? s T R i 8% oo 4 1 4 5
W ER P, Cs T EEE IR, °C .,
2.4 JKRFELHX B
AU B (133
9P tun

m,=:§‘8667;i‘666» (13)
g R BB B R AR B L/ mins p o, W RUE , Pas g KUB B AT 80K, % .
RHKEM S H, YR P ., X AD~A6) 15
G =q 0, (14
H.=H,—Suq’- (15)
Pwm““éfim, (16)

g KI5, KRR ;s HoJ2 0 m®/h PR B3 72 3 S W R N EE R T 50 DR BRI T
7 NIKIERCR,

3 EFGEEFIREIEIT

VTMS il 2 2k 4 R0 14 1 v 200980 100 U B8 AR F 445 1] S et 3 o XU L 7Kk 4% Dl i G 431 1 0 PTC o
AR IBITIRAS DI VE B R G 0 B . AT as FZE DR T .

1) RO XUt 308 Ao A 8 I s P R i 1 2 TR A ] 0 2 XU, AR 1 4 R =X (10D, 2 v i XU A R T 4
o TR A FRCAPE RE 5

2) V2 F K 5838 3 5% 2 -8l 2 v JV R S B rh i 30, DASERGE X % Z o0 L oK R B S I i RE
(X (14))

3) DU 1] A8 141 A I 11 ) A oS0 ¥ TR )t 2l B 2 B B4 P IR L 4 R G A L [ B L
PSR G M B, ERMIEAR T, BB IE RS SR EME R EH R, RERR B LR .
KE VT >=F—Tul >HIEH S >l >KE 2CRTAE) >PTC n#igy >t > hel| -
ORAR S B > 14

A4 LY 5] ] ] R I ) O R A O 8 BRSO VBRI o IR AR VTMS 55 40 R 55 1) 4 P it

5)PTC fin#hds H T 45 ra A m 44
3.1 KIRANXUR = F SR B

YA RS PR G0 K S RIEICEA KUE SRe T A S R 6 U 4 10 45 T SR L E A BRI ISR 2T K S R R X
) A AR A PRV AL B TR BE A3 1 RS 2 P CRL M P TR T ey IRT 20 CCOH T £, AWK 2 £, 42 5w
e 2 frn. K 1 AE 1T $4H0 2 B4%E53 435 1 000 r/min A1 2 000 r/min, M HCAKUE 76 1 £580 2 245 F 245
K451k 0.531 m®/s Fil 0.826 m® /s,

R 2 REEBCRE T KR EARRUE B 1% 5K #E

Table 2 Control strategies of pump and fan under waste heat recovery condition
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Fig. 5 Control strategy of the proportional valve
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Fig. 6 Thermal management system model of waste heat recovery
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Fig. 9 Temperature of the battery pack and the opening of the proportional valve at different ambient temperature
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