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Effect of intercooler temperature on the thermal balance of
diesel engine at different altitudes

Wang Zhengjiang1 » Yang Rui', Wang Xiaohui*, Yao Guozhong1

(1. Yunnan Key Laboratory of Internal Combustion Engine, Kunming University of Science and Technology,
Kunming 650500, China; 2. Guangxi Yuchai Machinery Company Limited, Yulin 537005, China)

Abstract: This study investigated the dominant factors and patterns of change in heat flow variations of diesel en-
gine with respect to altitude and intercooler temperature, with the aim of addressing the issue of efficient thermal
management of diesel engine in high-altitude environments. The results indicate that the dominant factors for the
heat removed by the intercooler and coolant are temperature differences, while the heat removed by the exhaust is
mainly affected by intake/exhaust temperature difference during intercooler temperature changes, and by exhaust
mass flow during altitude changes. At a constant altitude, for every 10 ‘C increase in intercooler temperature, the
effective power of the diesel engine, the heat removed by intercooler, and the proportion of miscellaneous heat
losses decrease by an average of 0.08%, 0.79%, and 0.23%, respectively. Conversely, the proportion of heat re-
moved by the exhaust and the coolant increases by an average of 0.48% and 0.62%, respectively, indicating the
more fuel heat is transferred to exhaust and coolant, increasing the cooling load. At a constant intercooler tempera-
ture, for every 1 000 m increase in altitude, the effective power of the diesel engine and the proportion of heat re-
moved by exhaust decrease by an average of 0.44% and 1.37%, respectively. Meanwhile, the proportion of heat
removed by intercooler, coolant, and miscellaneous heat losses increases by an average of 0.93%, 0.25%, and
0.62%, respectively. This indicates a greater heat transfer toward the intercooler and coolant, suggesting that the
intercooler and cooling systems should provide sufficient thermal margin for diesel engine operation at high altitudes.
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Fig.1 Schematic of the test bench arrangement
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Tab.3 Influence factors under different intercooler tem-

peratures
K /m
SR WEIC 0 1 000 2 000
B, 7. B, 7. B, 7.
50 0 0 0. 0 0 0

60 0.015 0.094 0.011 0.088 0.009 0.069
ReE 70 0.028 0.198 0.022 0.176 0.017 0.132
80 0.042 0287 0.036 0256 0.026 0.206
90  0.054 0384 0.052 0359 0.037 0.282
50 0 0 0 0 0 0
60  0.014 0.042 0.010 0.037 0.008 0.046
HES 70 0.027 0.075 0.021 0.066 0.017 0.074
80 0.040 0.102 0.035 0.098 0.025 0.097
90  0.052 0.122  0.050 0.120 0.036 0.123
50 0 0 0 0 0 0
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90  0.096 0279 0.113 0295 0.111 0.261
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Tab.4 Influence factors under different altitudes

W/ C
24 T /m 50 60 70 80 90

B, 7. B, 7. B, 14 B, 7. B, %

0 0 0 0. 0 0 0 0 0 0 0
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0 0 0 0 0 0 0 0 0 0 0
BH 1000 0.002 0.023 0.009 0.022 0.009 0.042 0.003 0.020  0.021 0.036
2000 0.016 0.070 0.018 0.043 0.019 0.063 0.023 0.059  0.032 0.055
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Fig.3 Variation of temperature before the intercooler
and the temperature difference before and after

the intercooler of the diesel engine with altitudes
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Fig.4 Variation of exhaust temperature and the in-
take/exhaust temperature difference of the diesel
engine with altitudes

B S TR TR MR AR s 5 — 7 ial, S8k
AR, SRR LERRAR, AR RS A | S AL A
AL RICRFRART, DR S AL HE R T 5 7E A ]
HRIREE T, BEE AR, SEIAL AL P A
b, R FEEHE R T .

VA HIR B AA ER I/ TR 22 SR HIROH
PO MSCHESR B S S SeImAILA AR R B4k
(ASAL. FEAR ISR, B2 iR T L Sl
R HVRC e B WL s FEAH R FP RS T, B VIR
TEE, SEMPLAHIR I s DR EE A/, B’ 6 e
BILVAHIBIE/ H 1L B HBGHE Y T 22 Rl 4R 1Y)
Ak FEAHFREAR T, BEE TV T, SEImALe
HI I/ IR R Y SR A R, FLA IR/ O
T 2230, PR v DB D 5 FE A R A TR
T, BEE AT R, SV 2R 1 PR 2E A N
W B AR B AC , VA BB S /DM il />

170
~ TE4R/m
' —a— ()
‘g —e— 1000
\;j 160 + —A— 2000
B
= 150
R
’<i/
140 . . . . .
50 60 70 80 90
P LR E (B C
5 SEimileBimERERNTL
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with altitudes
9
100 |
oQ 1s ©
B gy | gttt 1
gy -:I_E[
+) a-_—-—c4====6====¢-==-=-2 =
22w e 16 =
e B
L g6t 5 %
4
50 60 70 80 90
PRI BOE B/ C
WM R HIRE DR RN DR Y HNRCHE T R 2
0 ]
1000 - — ™
2000 - — ™
6 ZEMALL AR/ H IR E K2R/ H DR ER
BIRINEN
Fig.6 Variation of the coolant inlet and outlet tempera-

ture and the coolant inlet and outlet temperature
difference of the diesel engine with altitudes

22 AEBETHEEREXEHIEIHAENR I
ORHE S AL UL ARSI 7 A 10 i T 24



2025 4F 11 H

FAETTAE : AR v B S LA 1) 520 - 505 -

A&y xS AT . B T R Sl A A L
BEEH A L. TEM RV T, S PR IR EE T,
SEmMLE D, VET B BR Fe /S, £
THRBEAE— E R [As 25, (HEEE TP IR T,
SE—ERREE FARIEREE. AR IR T, b
VR TR, GBIl R BN, A5 S AL Ik btk
—pAr 22 | DRI RRRHER B I 5 Ak SR A Rl B B
B8 S SRR AR . FER—
PR, oA T B AR AR X S T HLA R 2R A 5 5
AN FEAAR PR TRER , BEE AR TR, SeimpLAa 2L
IREEAR. VN 0m THZE 1000 m A 2 000 m, 4431
BUAT IR 4 T B 0.59% 1 1.53% .

34 4k /m
—-—(

- —e— 1000

32 —= —4— 2000

0 w0 70 s %
YR A C
B 7 SRR Bk

Fig.7 Variation of air-fuel ratio of the diesel engine with

altitudes
93 .
R /m
+()
0 | —— 1000
z —a— 2000
~ .’—’I‘._\_._\_-
29 e—e——o
&
i A———A\‘\‘\—‘
90 |
89 : : : : :
50 60 70 80 90
VTR IR E Y °C

B8 LMl BMIhEEEERNETN
Fig.8 Variation of effective power of the diesel engine
with altitudes

Bl 9 R SEImpL &k P B AR N AR k. 7E
VA 0,1000 12000 m 2F F, FEETEEM 50 C
FZE 90 °C, % kAl T 41.72% |
39.26% 1 30.90% , R IRE RS 10°C, U
A HE R B B 4 WU D 10.43% L 9.82% Fl
7.72% . FEARRIRIREET , G TR TR, SelbLiE
SR E M PGE B . RN 0om F =
1000m F1 2000m s, SE3HALHAHE AE B 4371
SEREENN 12.12% . 33.81% .

B 10 SAH A e A Gm B T oe &R 7EAH )

HEACT IR R R N 5 T B i i R, R R
H VI AR A, 22 ARV E VR 1 2N
TR T, BEE P IR, AP i 2208,
() A A SR A )N, DRI P vty 2 G A R g
MR IR FEAH R R IR AR
HECT IR R N 7R T i i i N, R e
BT JE 22T v e B RN R B TR
B, BRI R D, (E AR B IR 2E S
Sl vt A R B TSRO N i .

24

20

16 |

rp e A /KD

50 60 70 80 90
PRI BB E(E/ C
B9 SeimilpemERERBRNTL
Fig.9 Variation of heat removed by the intercooler of the
diesel engine with altitudes

40 =
-+
4
30 | ? 7=
:\\:
2200 f AR C
. e 50
10 F fEhm 4 g0
-=-0 = 70
) -—-1000 v 80
0 / -=-2000 * 90
0 10 20 30 40
BI%

(a) TR BIAE TR

/
/=ﬂ

i/ C
- — 50
WHR/m e 60
*0 -=-170
=1000 --- 80
* 2000 90
-10 10 30 50 70
BI%

(b) EPHRBARIN T HFR
10 FRHEERBHNHMEFXER
Fig.10 Relationship between the influencing factors of the
heat removed by the intercooler

B 11 REEmpLHE R E R R A k. TR
A FEERT , BEE SR IR T, HEAHT B I 4
hn. FhAEE N 50 CTTHE 90 °C, #k K 0.1 000 Fl



- 506 - A o

Hl

i 5543 % 456 )

S

2000m B, HEH E RS AIIE I T 6.37% . 6.35%
1 8.28%, VIR BT 10 °C, HERAR E IR
A3 IEENN 1.59% . 1.59% 1 2.07%. FEAH ] H i i
T, Bl R ST AL HE ST AR P
B HFR N Om FHZE 1000 m F1 2000 m, S4HALHES,
L P A P4 3.53% FT 7.60%.

B 12 AHEAGH E R BRI R T &R TEAH H)
MR, BT TR IR AR AL, HEAH AR A TR
PR P35 R ot e gt e R, DRI 2 A A [ T
THEARERG I E R, AR, mAR
VLRI, R RN, T S BHE R

82

78 |

P/KT

74

70 |

0 0 10
YRR B (H/ C
B 11 FREBKRTHSHEFEASRPLRENTL
Fig.11 Variation of the heat removed by the exhaust with

intercooler temperature under different altitudes

50

15
Eall
_l V 4
10 f e (-
77 B
S b .
<o ;7 TR/ C
2 . * 50
= WH/m 4 g
P4 -=-0 = 70
0F -—-1000 v 30
-=-2000 * 90
0 5 10 15
Bud%

(a) PRI LA I TR

Wk/m  PRIRE/C
e 50
- 1000 60

==170

101 42000 7=p
-- 80
= 90
N

st o e

0 5 10 15
Bl%
(b) MR T HR
B 12 HSHEAENEZMETFXER
Relationship between the influencing factors of the
heat removed by the exhaust

Fig.12

TN ERE R v T EE R, HEAREE R, HE
SR 25 B E AR B .

TEARF IR B | BEE TR, i e A
TR L R, R ol A A A TR v T
TFHER A E PR B R T R B2 R R F,
Bl A VR TS , BRIt T, (R
N HES R IN T BOHE A A G B A T R
s/,

B13 Sy B2 ALY S0 S I Bl B 1 AR
k. TEAHFREAR T, SEMBLYS 20T 2L P Bl 7 h e
TR . PR EE N 50 CHZE 90 C,
PR 0.1000 F1 2000m 44T, BEIBH & R4y
W T 15.61%. 14.85% F1 12.14% , SE-2rh & IR
R 10°C, ¥ HIW AR E ARG 3.90% .
3.71% F1 3.03%. TEAHRI AT, B R T
SMBLY FW A E R I, TR Oom JH R
1000 m . 2 000 m, SIMAILAANRCHT A& #4312
i 1.94% . 3.52%.

52

50

48 t

P/

46 +

44 r

42

60 70 80
PR IR R E {8/ C

50

E 13 ARBRTLARGERERHCRENTH
Fig.13 Variation of the heat removed by the coolant with
intercooler temperature under different altitudes

Kl 14 SRV e E PRI N TR R, HEE
HAV Il IR 724K, V8 A0 B TR 524K T o i
P T, M GIE Rk A R TRE AL,
Ve R/ IR 22 K v Ay A IR AR AR T
PIE. AL, Bl P v T i s AT i, 18 1
7 A PR RN

Kl 15 SH SRR R FlEEIA 1 22 AL FEATTR]
PR, B PR IRBETH R, S AL IR S AT U
NS BARTER IR T R R, ek
IR/ )N, (EEE 22 BRI 1) v R A PR A
AERE RS, N2 IR BTN, v A
2B P AHE L PR A T vl PR ek
I, 28I e /0N, FEAH IR RVt B2, Bl e 4R T
1R, AT RS HE A PR A8 N T AR S



2025 4F 11 H

FIEVLAE: ANFEHESCT s i B S LA 15 )

+ 507 -

SRR E I RGN, S¢

THBLAS IO RSN

$M 0m FFZ 1000 m F1 2 000 m, SETHHLLRITH 2 43

35
-~
Es
Fal
251 5
=k
= 15 - VA RE
=~ = IR C
- V. * 50
:(l Hkm & o
> -=0 = 70
)
-=-1000 v 80
-—-2000 * 90
-5 R .
-5 5 15 25 35
L%
(a) Fld e LRI 75 5
10
6 i . =
S o
N iim S IRIE/C
N — 50
2t s WER/m 60
0 -=-170
= 1000 --— 80
* 2000 90
-2 L
-2 2 10

BI%
(b) EHRAE T E R
E 14 RABHEEAENEMETFXER
Relationship between the influencing factors of the
heat removed by the coolant

Fig.14

18

WP /m
16 1 —e— 1000
—— 2000

50 60 70 80 90
A TR E A/ C
B 15 LMyl RTURKMESHNTH
Variation of miscellaneous heat loss of the diesel
engine with altitudes

PR/

Fig.15

&R/ C
—u— 50
—— 60
—A— 70

(a) M H 0m

& 16

W%
45 i

(b) N 1000 m
ARBHETEIHE SLEERLRENTK

TNESAE I 13.96% . 28.67%.

LA EIEE THHREN A
] 16 RS bL A ik b7 FAE N R4k T Bl v
RIRER AR . B 17 REempLA AR 5 HAEANTR]
YA TR B T BRI 1 AR AL

HE 16 AIN, ZEH IR EE M 50 ‘CHHZ 90 C | it
A 0.1000 F1 2000m 2544 F , AREHZH L H A5
/N 0.35%.0.28% Fl 0.27%, i B b H A3
/N 3.24%.3.31% 1 2.91%, L3045 2 ey He 403l
W/ 0.79%.0.71% A1 1.26% , HEA & #E b sl
W 1.75% . 1.73% F1 2.25%, Y& 2IH B GR 5 Ho oy
BISEAN 2.63% | 2.57% FI 2.18%. w4 i FE 4 TL
10 °C, SeMLAT RN R | Fhve s a $E FIZL T 45 2 34
7 A SRR 0.08% . 0.79% F10.23%, HEASHE
A R A A A A PG T 0.48% F
0.62%. TEFHEIEIR T , A 3020532 Hpd iR AR L 1
AN . (AREE P RE T, PR e R
o7 LN, B 2 R 1 HERR HIR R HER
FA HIA AE PR Y o LR R, 2RI A B AR
AN AT, TR U B T i s IV ) R G B
MR RET SR RGN THE G VTR

& 17 AT%0, R 0m FHZE 2000 m, F14E
FEh 50,60, 70, 80 F1 90 ‘CH}, SeimpLA R Eh &
PR Y & H B0 0.95% . 0.86% . 0.87% . 0.85% Fil
0.87%, HEAUH E G (5 EL A /N 3.01%.2.72% .
2.76%.2.68% Fll 2.50%, 1% EMIAT & L (& EL o3l 1
1 0.73%.0.31%.0.67%. 0.55% F1 0.28%, Hiv&a5 ik #h
TR HEA BIBE N 1.65% . 1.77% . 1.99% . 1.99% £
1.98% , Z F 5 2k Ay 2 i o He A B3 1.58% .
1.49%.0.98% . 0.98% H1 1.12%. #H&A&THE 1000 m,
S AILA &5 2 R0 HE SR B B 5 e E B
0.44% F 1.37%, HiR B e | AT B i Fr 2y
T R A 5 EE A A EE I 0.93% . 0.25%

23

W%
45 l
40 40
0% 0% 1> 0 0./%
: I AR RTED

R/ C WA YT EEC

—=— 50 \ 50

—— 60 S e 50

—a— 170 70
\/ ——80 ) Y E= 50
9 90 o N A 90
O, % 0./% 15 0, %

(¢) M 2 000 m

Fig.16 Variation of heat proportion with intercooler temperature under different altitudes



- 508 - A o

Ha3E: FHe

(d) 80 °C
17 ARSHLEETEIME SIS AmEERHTN

Fig.17 Variation of heat proportion distribution with altitudes under different intercooler temperatures

0.62%. TEAHIAI P ILEE T, BEE AT , SEimpLAY
A RN ARG, HECHE PR, 3 2 A0 RE L 10 Y
FErp v ds e IR L BRI R e 7, HELAZ 2 e
e RER & iR, NI, Hhve AR LUBOR HI R SE R IL
e REi2%7%5 R I REEIR A TR R, O K ST mifEk 2%
PF R as A7 P B L S R B

3 4 g

(1) Bl v T, R e )N, (1
S FEEEMALHE RS HIA B RGN, iR RS
L5 RPR RGN THE A VCRL 5 b 13K Tt
, HESA E GRS B BB E R A
FRCH E I TR RE S H R SRR
T BN S ALTE = R A8 1 T TR A I

(2) KA A ERE BB A, B2 RATE TR
o A A EIRCHT A AR 2 R, X
He e v, B T R e, i AHE R 22 02
FLAb I 2 N2, WA R AR, HEAT S a2
HAMB E RN E.

(3) FEMRNEHR T, PARERT A 10 °C, 4
THHLA B | id s b A E PR I R e Eb 43
FPEE/N 0.08% ., 0.79% A1 0.23%, HES AT & HdE il
PRI G 5 HCE RGN 0.48% . 0.62%; H& I
FETH = (A5 rh vy dE /), B 22 A [ HEURD
RHR PR, ABXT DR A2 AN 8.3 5 6 AH R e

0
—0.%

W Ak/m
—a—(
——1000
—+—=2000

(e)90°C

TR, IR T 1000 m, SSmbLA S 2 mHES,
M B  HOP RN 0.44% F1 1.37%, A B 4
R EIRCHE A SR R IR R A Y E A B
T 0.93%.,0.25% Fl 0.62%; bt i T , SeimpLIG
PR AHESHT L AL, S 2 3 R b v
TR HI B 2 R 645, FLALRS B PR 4R Ak &
i Hefk.

SE 3k

(1] XUNiHF, Bk, Hinzrh, 4. Seumalees s i v p
g8 KRS AL o B D). R APL TR, 2021,
42(5): 1-7.

[2] Maloney B, Ge Y W, Petersen R C, el al. Experimen-
tal investigation of the impact of biodiesel on the com-
bustion and emission characteristics of a heavy duty die-
sel engine at various altitudes[J]. Fuel , 2014 ,
115(1) : 220-226.

(3] wiigfh, wmoete, UM, S5 MRk BT S bl 28
W R B A 9 s 0], R PL A 4, 2019,
37(3): 280-287.

(41 VP8, EFF, D5, 55 W H R R HCTf
PERERFSY (1], BEEIABE TR, 2021, 18(2): 1-5.

(51 ¥FA, XIX0GE, A&, % SRS GDI k3l
PLEAP B 5T (7). 154 LA, 2020, 42(6) -
741-745.

l6] FHA, fEFMHE, K, & FEIREE T SMILA



20254 11 A FIETLAF: AFEAF v B S HLEAT- i 1) 50 * 509 -
FH R Bt 70 5 S OB PG B e (0], B e, mental Science, 2020, 467(1): 1755-1315.

2018, 39(8): 1473-1478. C17] VFH, XUEabk, XU, 2% RISl 4 &

(7] ERIR, 2ukwk, BRAE, 55 bRz s 2k ) SR RBIRETE (1], RETAE, 2012, 34(7)
mbﬁmiﬁr@vﬂa'ﬁ*%mﬁ (0], ffEdt AR, 2025, 592-595.

46(5): 1 (18] #aih, XUFmak, XUAH, %% SETREIHEHI S8

(8] HIBNE, EE%M\, RIEE, S5, AR B FE 1 TR 5 S AL AR i BT AU (0], TR A B A,
Bl IO R PEAE ST 0], IRHLT AR, 2020, 41(4) - 2018, 39(9): 2103-2111.

46-53, 62. C19] i, XUPRMT, XUgAk, 5. T S0 L i 5e

[9] Yao Z M, Qian Z Q, Li R, et al. Energy efficiency MR RN P Ie m oY [T]. W45 T AR RS2 dl,
analysis of marine high-powered medium-speed diesel 2017, 29(5): 67-72.
engine base on energy balance and exergy[J]. Energy, [20] skid, k¥, ZoW, & SLFROFHEIRIE S HridH R
2019, 176: 991-1006. GEf s AL SE I AL R e (0], i TR, 2022,

(101 Hhaihe, JRekfg, BAPRiGE, . X EE 2 b FRsgm 51(4): 59-66.

ML A A ] g b 0], Hpdb RS54k (A 8% [21] Chen B, Zhang L, HanJ L, et al. An investigation on
BEEMD , 2017, 38(4): 433-438, 445. the effect of intake air humidification on the thermal bal-

[11] Benajes J, Olmeda P, Martin J, et al. Evaluation of ance of a turbocharged gasoline direct injection en-
swirl effect on the global energy balance of a HSDI diesel gine[J]. Case Studies in Thermal Engineering, 2020,
engine[J]. Energy, 2017, 122: 168-181. 21: 100719.

[12] Zhao Y W, Xie YJ, Wang X C, et al. Energy balance [22] Halis S, Dogan B. Effects of intake air temperature on
analysis , combustion characteristics, and particulate energy, exergy and sustainability analyses in an RCCI
number concentration-NO, trade-off of a heavy-duty die- engine fueled with iso-propanol and n-heptane[J]. En-
sel engine fueled with various PODE,/diesel blends[J]. ergy, 2023, 284: 129050.

Energy Conversion and Management, 2020, 225: [23] MaBD, Yao AR, Yao C D, etal. Experimental study
113489. on energy balance of different parameters in diesel

[13] Ezzitouni S, Fernandez-Yafiez P, Sanchez L, et al. methanol dual fuel engine[J]. Applied Thermal Engi-
Global energy balance in a diesel engine with a thermoe- neering, 2019, 159: 113954.
lectric generator[J]. Applied Energy, 2020, 269 : [24] x4, JIEGR. RPLEE M. 4 . dbst: LT
115139. R, 2017 172-175.

(141 XUkg, F&, KOG, % SmpLEiERPer- s [25] #U5Ehr. YCOMK375N-30 BIIAR S A hHLAE- R 40
W ARG & D], ARk S5 HOR, 2016, 15(2) - BRI ST (D], R RO TR REIR 5 3l
129-134. JITREABE, 2013.

L15] #&W, Xk, 5K, & Z9aT g RSl [26] Pucher H, Zinner K. WANLINIE . JEat ., Mt
A8 R G A L] OB e S EOR, 2020, IM]. (P RPE. dbat: HUBCTL R, 2018 222-
19(3): 276-282. 231.

[16] Rao X X, Huang R H, Huang R W, et al. Effect of [27] F#, Wi, k2%, 4. 5T DPF FahfiA R Ew
altitude on thermal balance of a heavy-duty diesel en- SRS BLEE S T T A L], Ak TR 2=,
gine[J]. IOP Conference Series: Earth and Environ- 2018, 34(2): 32-39.



