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Abstract The present paper has been accomplished to elucidate the characteristics of temperature change in a
car washer heater system for removal of frost formed at the surface of a car. The previous studies had used a
simplified mathematical modeling to analyse the temperature change characteristics for a car washer heater
system. In the present study, an unsteady computational fluid flow and heat transfer analysis for a washer
heater system has been done by using computational fluid dynamic analysis method. From the present CFD
analysis, the time dependent temperature change in a car washer heater system has been analysed and derived
the heating time and ejection temperature of the washer liquid to establish the optimal design basis for a
washer heater system.
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[Fig. 1] Configuration of washer heater system.
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[Fig. 2] Schematic configuration of washer heater system
used in the CFD analysis.
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[Table 1] Material properties of washer heater system

. Heat Thermal
. Density . ..
Material (ke/m3) capacity conductivity

& (/kgK) (W/mK)
P.P. 1.25 0.46 2.8
Copper 8910 0.094 338
Brass 8310 0.096 103
Ethanol 790 2470 0.18
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[Fig. 3] Thermistor location of the washer heater system
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[Fig. 4] Temperature distribution in the washer heater
system for the several time steps of the Ist
heating and ejection step, (a) 1sec, (b) 10sec, (c)
47sec and (d) 50.7sec.

olefsk 1EAeAIe] @ 7hx) AlgkA] $1H9) 7heiA]
) U] 2% WEh 54 Fig. 4o LrehiglT) Fig.
40 Lheb AThe Fig. 2004 ER3 % Ao AU
Ao FHE AUE Gl MY L= HES Leh A
ol

Fig. 428 Atisel 7hgdo] A2k 514 adnt AU
OFE AR 1204 A WA Wil gl FH @
Mol 57} St A A 4 9lek Fig. 40)
oA 7haAIZE 10220H] ARPUER] HAY L=t &
SH AR AR 94 hdE A & 4 ek A
G Fglol Mool A Qv oby of A
ol 9JAdo] AR Pee & 5

Fig. 4(0) @915 SR SiolAe] £wrt
61°C7 Bz Alzoln] 18] 7hdAlzbe] Bk Az
o] 2= Haolch WA Hf LEL 2100071 &
el AR F919] A EIAAN 257 &
b Gl RS WHT 5 Yk o] A7 ol FRE Az
& gliolo] 2elsln EY gR HAE] AL

Fig. 4(d) (50.72)0) A= A2e $149] Zglo] gkt
£ A2 @lAe] e Bl ulashi A= ¢
Aoy 2l ulet 949 Qo] 2wt vobA 9lar &
o AA He] SRR Yobd 9leg & 4 gick 19
U ARl ofn] Aget LR YA qlojAl A
29 Mo hgshin] Qlold 15k Brks e Al

ol v 4 5 A5E 4 vk

ﬂllO 2y ‘1)‘

=

3.2 B JIEAIZE HOl 54
oF oA Abah ul, 194 7he B BAA el 9
o 7baAAEY 27] SR R SEel 20°CS 5

A7) o] 21K 7haA g ARG FHGAIE A

1042



A5} )49 TheA2Ele) 8 Wt Sao] et AT

™

to] Fasto] BARA 7HAAITTo] oF 472 283l 1
AollA 7HEE MY THAAARE Az Aol
T2 FRlEE 19ANE 2% At dojuA] o
259 2= A7t A 7HEE AEE RIS
th o]27] wiZo] 29 AR E Q] ZHEAIZES 1A A
e} glopd Aor odsiich

2EAME Z4E LER Hdn BAE 2-E0S
uf 4chA] 7hE gl EARP Ol A ZALA Ao Y] &
&= 545 19 5o Yehllch Fig. 55 AR gk
A i S o] 19 A9] 7FE BAF AlRbe] u]sto]
2.3, 4 TAI9 7HE AR oF 50% st leE
& 4= Ytk 2, 3, 4 SAE Hwshd 2gAll A9 7HE
9 EARAIZEO] W A] A Bt ozt ok

R

Thermistor temperature (oC)

4th step |

2nd step

31 step

10) 4

20 L . . . .
0 20 40 60 80 100 120

Time (sec)

[Fig. 5] Time history of the thermistor temperature for
four heating and ejection steps.

[Table 2] Comparison of heating time for four steps.

step heating time (sec)
1% step 47.0
2" step 21.6
3" step 14.0
4™ step 13.7
zh dA W ZFEAIRES Bladt AE 3 20 UESL
ch. Table 2014 Asmwl gol 4] Qe A3t 2ol 19

i

Al 7FEAI 0] 47224 7P Aal 2eHAl= 21.6
3ATAIE 142 9l 1372 THAPE Auds 7hdA|
o Y=t

ZF gAll A 7EE ARl Bk AR ollAl Fig. 49} &
ATt TofA o] 2= Z3EF Fig. 60 YeERSIch 19
oA duHd 4tHA BE 2= R3E= FARSH YERd
A AG7rEA 0] Ao L7} TAZE AYTHEA T
& fashs B Holal Qlvk ZF DAloA #ARzT]

N
=

AR 914 FHaA g BTl gAY L
X 717} 81.4, 80.6, 81.4, 79.6°CE L}ERIA] 4thAo] ¢
Ao BAAS) L7k AL ARFE o 4 gk ol
Asz e YA /AR AN 2HS g, 3
o4 Lehdl @Ahe] oI LEE ZAste] Aojshs

ol g & 4= ek

3
28
21
15
H
1
£
A2
20

[Fig. 6] Temperature distribution in the washer heater
system for four steps at the end of heating, (a)
1 step, (b) 2™ step, (c) 3 step and (d) 4™ step.
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