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A Study on the Influence of Test Temperature & Cooling
Fan Condition on the Fuel Test of Diesel Vehicle

S E* - 2AMR* - QRYE* - = HSH - O|”A* - UT|S* - QAT

Hyun-Jin Kim*, Sung-Woo Kim*, Jae-Hyuk Lim*, Kyung-ha Noh*
Jung-Cheon Lee*, Ki-Ho Kim* and Sang-Gi Oh**

(Received 15 September 2017, Revision received 04 December 2017, Accepted 04 December 2017)

Abstract: Due to the arise of natural disasters caused by global warming, consumers have more interest in the
fuel efficiency of their vehicles, and fuel efficiency became an important factor in comparing vehicles. In this
market situation, methods to measure fuel efficiency has become one of the main interests of vehicle
related organizations and laboratories, and the current method to measure fuel efficiency is to follow the
notification established by the ministry of trade, industry and energy, ministry of environment, and the
ministry of land, infrastructure and transport. In this study, we analyze the influence of vehicle fuel
efficiency according to test temperature and cooling fan condition which have the possibility to cause
difference in fuel efficiency. The analysis results of the influence of the fuel efficiency according to the
test temperature, the difference of the fuel efficiency of the test temperature (21~29°C) within the
allowable range of the notification showed a maximum difference of 2.9%. Therefore, it is necessary to
consider the introduction of a test method that permits only the temperature change based on the reference
point as the allowable range even in the test within the allowable range. The analysis of the influence of
the fuel efficiency according to the cooling method showed no significant effect, and it seems reasonable

to maintain the test method of the current notification.

Key Words : Energy Consumption Efficiency, Fuel Consumption, Test Temperature, Soaking Temperature,
Cooling Fan Condition
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Table 1 Driving conditions in FTP-75 and HWFET

mode
Driving Schedule .Test Schedu‘le
Attributes City Highway
FTP-75 HWFET
Top Speen D90.1 kph 96.6 kph
Average Speed D34.1 kph 77.7 kph
Max. Acceleration | 5.31 kph/sec |5.15 kph/sec
Simulated Distance 17.7 km 16.58 km
Time(min) 31.2 12.75
Stops 23 None
Idling time 18% None
Engine Startup Cold Warm
Lab temperature 20~30C
[Vehicle air conditioning Off Off

70
Cold start phase Transient phase Hot start phase
0-505s 505-1369 s 0-505s

=
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(a) FTP-75 mode
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(b) HWFET mode
Fig. 2 Plan drive speed in FTP-75 and HWFET

modes
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Table 2 Test conditions for test temperature

Conditions Low Base High
Lab. Tem.(C) 21 25 29
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Table 3 Test conditions for cooling fan

Fixed fan | Fixed fan
(Low) (High)

Variable 1.0 2.5

Conditions |Variable fan

Cooling(m'/s)
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Table 4 Test vehicle specification

Model year 2014
Engine Type CI inline 4 cylinder
Engine displacement(cc) 1,956

Transmission 6AT

Valve mechanism DOHC 16 valve

Max. power(ps/rpm) 156/3,750
Max. torque(kg * m/rpm) 35.8/1,750~2,500
Intake charing VGT
Fuel supply type CRDI
Label fuel 13.3
economy(km/L) (city:11.9/highway:15.7)
Curb weight(kg) 1,645

Battery type Lead acid / Flooded

Battery capacity(Ah) 90

Battery voltage(V) 12
Alternator type RVC-DFM
Alternator capacity(V/A) 14.2/140
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Table 5 Chassis dynamometer specifications

Single roll 48 inch

(MIM type)
1000~15000 lbs

Roller type & Diameter

Inertia weight
Inertia weighting system &

. . AC Motor
Power absorbing device
Max. speed 200 km/h
Speed error +0.01% F.S
Torque error +0.1% F.S
Mileage measurement Encoder
Blower capacity 63000 CFM

Coast down Within 1 second

Fig. 3 Chassis dynamometer
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Fig. 6 Fuel economy results based on soaking and

test temperature conditions

Table 6 Influence of fuel consumption on soaking

and test temperature conditions (Unit : %)

Current 1
T Mode [25TC vs 21°C[25C vs 29C21°C vs 29T
7 "-\‘.'"':.:-'PR:FCM_— § Phase 1 4.1 3.0 73
: Phase 2 -1.9 0.2 2.1
Volatage Phase 3 0.3 1.3 1.1
1 [= ] = 1 FTP-75 |  -18 1.1 2.9
&nicle
J— T e HWEET|  -1.6 0.9 0.7
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Batt. voltage(+)

] -h:_ Current 1 V'HERED
%, e Current 2
e Batt. voltage(-)
= FTP-75R 58] AHA @A A= 29T>25C>211C

2
woR Rz ¥L5E o

Fig. 5 Generator and battery current sensor = A7E =3koH, A

measurement location g-H A9 Zol= 29% 2 Folu|e =02 YE

%tk 3702 Phase® A E O & FIP-75RE2

4. A8z 2 2M Phase™d HIE AHHEH YA 520 A A2}

3} Phase 19| dHIx}7} %ol wha} FEeHA

4.1 \N8=2E Eigon, Ho-HA AvlAe 73%= YeRd

o|2H WA AT ule} po] AEx @  Soaking el mE whEH el HF A
M Agese Qg with 3, prpose O T AR Agdty dddd.

50 eRFHI|ASERIX H21H Moz, 20170 12€



[l
)
e
>
iy
o
fru
oy
ofy
i
-
()

-
=
)
w
@

f
ofy
52
K

fooft o
bl o

It

3
Vehicle Speed(kph)
> &

Intake Air Temp. (degC)
N
&

2L Ay

=
L
&
a
o
o
e
IES

oo E L orlo AN

0 500 1000 1500 2000 2500 3000
Trace Time (sec) o ¢ dxst= 5SS B Lq], Al
[e=]

(a) Intake temperature wE FTP-75E.E9] ¢iH)

noE
o

25degC J 100
—— 21degC
—— 29deaC

Vehicle Speed 4

Y

@
-

2

}
Vehicle Speed(kph)
oL
)
=
ot kL of
1o o
12
o,
©
o
i
N
ofr
ox
2
Al
o
£

Coolant temp (degC)
'
&

E = 79 SoakingS 30TColA 4
SHADAE] vpRHe AP

: . . 28lsla AA Age 21TelA
B e iy ANE] FAESS AEW W9 WelA Ao s
@ 5 itk o]@F 19H APALE =7 Ao]
= W] 98l ok Fig 87 o] &8s

qol Agelas AEHE FHOE olFolAE

£

(b) Engine coolant temperature

L T T T T
T f Lo exusime Hewdz amss Adwiel
g o | EELLTT T L. =9e 29 gash stk o gue 94 N
. S oA FAsE YE WLTP A PEelt
2 1%
5 f 3
g i {3
g = 1, 23+5°C
' 23°C okay
0 ] . ) . .
’ . mmTrace ":::3 (sec}m - o 23-5°C.
(c) Transmission oil temperature >

Fig. 7 Change in transmission oil temperature,

23+5°C
23°C

coolant  temperature and  intake  air e\~ nol chay

temperature during the test o Sl Sy

not ok
23.5°C B

>

Fig. 7 (2)¢] §712% W& 24 443 A
A Fig. 8 Test cell and soak temperatures of WLTP

e zdo| AAs 448 AL FAT F

SEFHIIASHY X M2 Moz, 2017F 128 51



CIZAIY U0 U0 ABRE U W2 X710 0jRls

00
AT
1%
2
A
o
re
4

HWFETREE9] dAnlAd= 25C>29C>21TC <& ' : '
o Qulzt A Ueh), eEzdd me 4% B 1 PP 2 )
o uHe Aoz rolth WA HWFETEE Al B Low Fan(Fixed 1.0m3/s)
@ A HIFY=oA AR ogo] $ad 3"
F SAFY So7p] wWEol == wE >
Aol AA UERIA @ Aow wndn) A
Hz AuAE L6%E AW ool 3 °
7 9ol AAP Fig 83 e APPEE M4 -
o Anah o A Zow Asdnh
0
4.2 IéjﬂLF_H }_?_‘l Phase 1  Phase2 Phase3 FTP-75  HWFET
durA ol Pa7|A A= 23 92 )7 Fig. 9 Fuel economy results according to cooling
= EE AFEA A FIA AdHelxe] du fan usage
Fo] EFFsto] dzlo] FdEHE AL WA
93] ZrjoolE] Mol FrjdolE] e Az} Table 7 Influence of fuel consumption by cooling
Itk ol eridoly W Aol e fan type (Unit : %)
e oA AYe FFE] W] AnA Variable fan |Variable fan|, Fixed
g Al A d HES 93 ooy WY FAE Mode |vs Fixed fan|vs Fixed fan al?i(}gléghf)ags
AR 3 AAH He olold & glow, o (et | @ | Low)
£ dvlsiete) Ao A48 4 glvk Phase 11 05 0.1 0.6
S dul AguEdAE WZae spam [t o o
(Variable fan) ¥ 1A M(Fixed fan)o> 2 AL FTP-75 02 0.3 05
AEZE Wrgo] gt ol F kA W BF z} HWFET 0.2 -1.0 -1.2
ol Mmzte] A7l 30.5 an ool A=
gsta ot ZpHAe] e AFFEE E2 A 7+ z79] Anle] zol= AHO A WM <
A FHAANM FAHE A&l vl T Axz w2sigch FTP-7552ColA da) A&
£ Ao AdolA Fojstn mAME A w o)A 37HA] 24 ©E QTS Q= Ao
AHEEE A A 25 mys olske] 1 AFH FTHES UERG T HWFETREE 124 i (High)>7HA >3
Aol Aol A Fofshs Aot M (Low) £O2 A7} Etor} Hul-H A9
B AToAe ¥l A mE AHl o)z 129 Szoz EWE AFHLS 1T
YIF=E Brbeh] st WAAE1Ss dF Al £ giglon, dAule)] X Pko] A B A
i g 37 W GREEE M B o= amdEg,
73 (High: 2.5 m'/s), 28 M(Low: 1.0 m'/s)S & Fig. 10& 72+ 2o w2 grjojolg M 2%
Sk B UL FAN0R AT A Fig 9 ygg slep] 9iste] Al g 2o @
g Table 73 o] el dojo]E] 3 Ao AFAA D AFZHNAS
FTP=75222] 45 14A(Low)>7PA>314  »x)se] FTP-75 2 HWFETRENA 249 4

HM(High) =02 Aul7h =ouh, Hol-H4o 2 Az a(j.ﬁ__/,\_y_%‘t As}o|t},
°l& 0.5%%= UEFRTE FTP-T5EES] ©9E e FTP-75RSel A 7pAss 18 W (High) 27 ol
(Phase 1~3)IA = Hl-H 4 HAA= 1% PRke2 o g}r,]oﬂo]g Me] 2RAR

Uebston, 2 mhE A HEEA R0t o) A4 0oz veht 3R dugoz Yztr

52 ehREH7|AIZEYX M21E ez, 2017¢ 12¢



Z1
=]

4

B YN UM - =Hst - WA - YIIE - 24|

257t AHLE ol AHULL L F > o —.
k. T TAB(Low)e) A FE 1000~1450 Al Fued Fanct o)
Z TXPhase 29 BRI 2,150-2500% FIF F SNSSp 1"z
(Phase 29] FhHR)NAl Seiololel M) xm S 0 lo
AR7F R os e} dgex ooz 5 | 3
o) ewsl A5HASS & & A 2t § |°2
TABLowEANA Sololole] Mo] zma A L il ™
| A = Bt 2% A7]uA7t glE . A0 : 0
Fhas g B(High) hHl 0.3%, 0.5% A ’ DT
Bhd e gubHel At ALt AWz * — r 1
o) eEATOR AT WAL o AR A Faed Fan ome
‘;%‘Q_E]— % Vehicle Speed _wg
HWFWTE =X = 7haA 23304 2ol o] 3 *r {o}
Bl Ao 2RARI R A oA 0o® v 5| H
U Fed dagosm YAs ext Ages § 1°%
ool Aol ee Felstant ey ng  F e 1=
H(High ¥ Low)Z A girjolo]g o] &R 4 hahi . hhitll,

[ 1000 000
Trace Time(sec)

(a) FTP-75 mode

AF7F #=HAY. 2 ZAHigh)e] 49 2
olf] M ARAFE BRE P AH F714
2 Yehgon, 3g#M(Low)S <& HL &%

Mo oo 2 H

FE wou nE AFNA AFET YE ) Frot Pade Sk ©0
o2 uehgth Fig 113 2o RE F AAYZ 2 ©F US| lo
S eEE AW 2do shMART dgtew | g
T 1gMe EE5FES YT FleEEs s i
DRNLowEANA AT) 37CAA ggsdek. 5 7 of
o] HWFETREZ7} FTP-75RE thH] w0 L

E 1 o i siiiiin

+PHo| wt AR wdo] 2y Yzhhol

o FFoR ATHo AUE YR L5 . .

Q Ae=w IFAGHT o] FFANE =TI w

W7kl z7o)| wWE HWFETEEZ <dnle] Hu) Fixed Fani3,Smaie) ot
HATL 12%2 ¢ WA deE AL el T | vewesee I
olEj Mol HWFETREOIH £mshe dA7edn £ o« R 1
o A o AWYAF exol mE W - :
Qe Fadl Az pudd Andow @ § | 1%
e 22 A3 AE s W AY 2 A ol : 1=
Sgrl ME 9 GFEiEe Aoz Bu ow;hﬂfﬂfﬂllﬁhhhﬂﬁﬁhhﬁmu
4, Eg7acl B2 avld] Gakol AEHel 1 ° s

2 AW AR A AEF T AAE XSS (b) HWFET mod

T WA AFHAEY A30.5 am)E 5T Fig. 10 Real-time radiator fan current consumption
Zart At based on cooling fan conditions

ot =27 |4 Zetg x| M218 M6z, 2017 12€ 53



CIRIE AHAIRO A AH2E 2

125

Coolant temp (degC)

25

Variable Fan

Trace Time (sec)

4 100
Fixed Fan(2.5m3/s)
Fixed Fan(1.0m3/s)
Vehicle Speed 480 g
AN AN YRR =
e P girg ; 2
l/u«——f lo®
™k «
A g
. [
/ s
% -/ 195
| 420
i ; ) L o
500 1000 1500 2000 2500 3000

(a) Real-time engine coolant temperature

50

Intake Air Temp. (degC)
"

Variable Fan

Trace Time (sec)

4 100
Fixed Fan(2.5m3/s)
Fizxed Fan{1.0m/s)
Vehicle Speed p L |
s 0z
k" 1°%
] =
oL Ay | 3
A i 'ITFI‘.l; o |
by n:‘.u';s-’r"%n‘l"ﬁfl—‘rw v L :‘*‘3,‘
d | { R
]
]
{#0s
420
A A 'S A A J (]
500 1000 1500 2000 2500 3000

(b) Real-time engine intake temperature

Fi

—

g. 11 Real-time engine cooling water temperature

and intake air temperature according to

cooling fan condition

LHZE
o=

5.4 B
B Ao AqE Au] Aol A JhsAE A
st e AlEeE E W4l 21 g2 AF
2} Al G HULE sk, g 2o 2
2 A
Al eEo) o2 A JEFE EAZAT d3 A
g 3-8He U AvEtelrt g3 2ol YERstTh
(Unit : %)
Mode [25C vs 21°C|25C vs 29CR1T vs 29T
FTP-75 -1.8 1.1 2.9
HWFET -1.6 -0.9 0.7

54 St2FEI|AlSSR X H21A ez, 2017'd 12¢

™ x=0| 0jX|l= &

oo

=40

A
o

el

rr

AldAs Anatelzt AT 2.9%= ol v g
°olE YERAAT. webM oA AT AP
(Fig. 8)3 22 5839 W] Aolzt= 714
< THOE olFojAE 2EHES 8
2 s AW =de aHe Eevt

>

i

o

(Unit : %)

Variable fan | Variable fan fan(lilig}?) "

Mode |vs Fixed fan|vs Fixed fan Fixed fan

(High) (Low) (Low)
FTP-75 -0.2 0.3 0.5
HWFET 0.2 -1.0 -1.2

g FE gt Ao Uehon], Wb e
A APPRL FASE ol BYR o=
Belth

FF AGLE L YRy 9o IFL v
S oole EE FAgE 2L edEE 2340
We AFE FAste] AwA 27 dn o
= BHS FET Bast 9 Ro walrk

B A7E 20173 AR SR A
o2 AU EFE FH LriEsal
AR 71/ EHAF], No. 20152010103660)”
o2 Y=o, #A 7T Ad FE Fzxo
ZArEgunh).

References

1. K. H. KIM, 2016, "Eco-Friendly Technology for
Improving Fuel Economy", Journal of KSAE,
Vol. 34, No. 1, pp. 32-38.

2. K. H. KIM, 2013, "Study on energy saving effect



)

x| . ZIM
[

el

of economical driving", Korea Energy Agency

. H. Y. KIM, 2012, "Impact of the test conditions
of fuel economy(Diesel vehicle)', KPETRO,
Seoul, Korea.

. Ford, 2014, "Driving Trace Index", WLTP Trace
index Task Force(TF).

. M. D. EOM, 2009, "Eco-drive campaign for low
carbon emissions", KSAE Auto Journal.

. Bielaczyc, P., Szczotka, A. and Woodburn, J.,
2011, "The effect of a low ambient temperature

on the cold-start emissions and fuel consumption

ST ENT S ST

O|&A - 27|

o (=]

QM7

fol

of passenger cars", P I Mech Eng D-J Aut 225,
D9, 1253-1623.

. US DOE, 2013, "Vehicle systems simulation and

testing", Vehicle technology office.

. Pang HH, Brace CJ, Akehurst S, 2004, "Potential

of a Controllable Engine Cooling System to
Reduce NOx Emission in Diesel Engines", SAE

International.

. Michael J. Lance, C. Scott Sluder, Matt K.

Ferber, John M.E. Storey, Hassina Bilheux, 2013,
"Materials Issues Associated with EGR Systems",
Oak Ridge National Laboratory.

S HIASHYA] M21H M6z, 2017'H 128 55





