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Introduction

More than 30% of the heat energy generated by the engine is transferred by the cooling system. If this heat
transfer is not accomplished properly, then the engine heat will increase and it will wear the parts by removing
oil film between the pieces. A cooling system is used to remove this heat. The radiator is an important
component of this system. Increasing heat transfer in the car engine by the cooling system is possible by using
two methods of changing the radiator geometry and optimizing it and using fluids with high thermal properties.
In this research, we investigated the improvement of radiator thermal performance using nanofluids using a
laboratory model. The effect of nanoparticle volume fraction and cooling flow rate on heat transfer rate, and heat
transfer coefficient was investigated.

Materials and Methods

In this research, a laboratory model was designed and manufactured to evaluate the thermal performance of
the MF 285 tractor radiator using nanofluid. In this laboratory model, water was combined and used as a base
fluid with nanoparticles Al,05. 20 nm nanoparticles with volume percentages of 1 to 4% were used. An electric
stirrer and magnetic stirrer were used to prepare the nanofluid. For the produced fluid to be usable, add SDBS
surfactant to it. The temperature of the inlet fluid to the radiator was 85 °C and the cooling fluid flow rate was
3.18 to 15.08 (lit min~1)) and the airflow rate was 3.2 to 6.4 (m s™). Two T-type thermocouples are installed to
measure the inlet and outlet temperature of the radiator and two other front and rear fans to measure the inlet and
outlet air temperature and four more are installed on the radiator to measure the radiator body temperature.

Results and Discussion

The results show that in nanofluid with a 4% volume fraction compared to a 1% volume fraction, it can be
seen an increase of 8.7% in density, 7.7% in viscosity, and 9.1% in thermal conductivity, and also a decrease of
8.8% in specific heat. The maximum temperature difference between the inlet and outlet sensors of the radiator
when the thermostat is open and the cooling fluid flows through the radiator is 12 to 15 °C. By increasing the
speed of the electromotor from 40 Hz to 50 Hz, the temperature of the water cooling fluid at the outlet part
becomes 4.7 °C cooler and the air temperature at the outlet part becomes 7.3 °C warmer. As the speed of the
electromotor increases, the rate of heat transfer increases. At the maximum value of airflow and cooling fluid, by
adding 4% by volume of nanoparticles to the base fluid, the rate of heat transfer can be increased about 37%
compared to the base fluid. Compared to water, nanofluid containing 4% by volume of Al,0; at maximum speed
has a 28% increase in heat transfer coefficient. Also, by increasing the electric motor speed from 20 Hz to 40 Hz,
the heat transfer coefficient of pure water shows about 26% increase and the nanofluid shows an average of 29%
increase.

Conclusion

Increasing the volume fraction of nanoparticles suspended AL,O5 in the base fluid increases the density,
viscosity, and thermal conductivity, which increases the heat transfer rate and reduces the outlet temperature of
the radiator. The presence of nanofluid in the engine cooling system increases the heat transfer from the radiator,
and despite this feature, the size and weight of the radiator can be reduced without affecting its heat transfer
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performance. It can also improve heat transfer performance by increasing the cooling flow rate and the airflow
rate.
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Table 2- Specifications of the radiator used in this research

0A, U _ . _ . A6 AD AT { E
- . YBLAEWClvVY LAEWCECTV Y - . _ . LR T s .
BAEwWE ) BLAEwWE WBAEwWE 6Al "u +w
. Radiator network ~ Number of rows of . .
Radiator tank material radiator pipes Radiator Radiator Product name
material pipe size grille size
MF s ,5 515 ,93bol

=3 NI TS = o ;6,..3,'7 487 % 380 wﬁﬁ;g;)yfy )bl

Brass sheet Copper-brass 6 rows 12.5 mm X 50 Messi Ferguson Tractor
Cuzn30 Ccusn 9

Radiator MF 285

.(Xiang and Arun, 2008) .S e edlazl

®)
(oC,) . = (L) I R
Pep)err = Pers \inat eff Pers (mp + m,)AT
(mC,), AT + (mC,) AT

= Perr (mb + mp)AT
B (pCp)be + (pCp)pr
= Pert PVo + PpVp

=(1- ¢p)(pcp)b + d’p(pcp)p
D5 by (F) alaly ©ygods Ll e oS
(1‘¢p)(PCp)b+¢p(PCp)p
peff = (1=p)Pb+bpPp *)
ot P il Jls 91U e )Lt 0345 sl S Cpopy
= o> ola i)l ol b Jlw Gy b wasl g @l)dgl
AVl ol @l Sl dnl JSCS g ojlasl byl
P gl Slop <8 m 9 PH ke 5 Lod ( SaiSly sbsSuss

(Masuda et al., a5l i s Jhwgl (Seolod djeSiuny poss

odd i3y Aol Jlw (1950 (b gl &Sinl 28 L
g ol Bl RSy e 5 > S clale o Ll
> )I odlawl L u|9_3‘6_.o ]) aaJlas dy9— Lth]o9_1>u Foo
oolawl d)l—a 99 uLxg‘Lo ‘_5‘)_: Y?'W as k.i:-«)% dLhJ}o)S
Slogad (uiiey sl balyy ool J1 gl sy |y 295
Colia g (Seolod dbjeSimg 0y (slo,S o & aile Yluwsil
o=l 9wl oad edlaiwl o lise slaclale o alod jo )l
ool 00 odlitwl Jlawgil (gly 5 Lails, 5 Allie

098 bl Vgl JS b ateds (F) sy ol
Pak and Cho, ) a S o dewbro g5 9 S dayl, il labgle
.(1998

_(m _ mptmy PbrVp+ppVp _
Peff = (V)eff T Vet ety ()

(1 - ¢p)pb + ¢bpp
gl o Vy 5 Jo o Uy Jloos 56 JS2 ey
o523 oS b s St (8) e 5l pline 51

m

| ¢ eiywE i 2 Bugay



28 3 ¥Aoivut

BAEWE L VY | Y%y %S

Owénoyv

Cz¥%-£ Czwe ¢ Yy

o=l olee &l oad Sy Jhwsil (il colia oy
4 (Maxwell Garnett,1904) )5~ JouSlo Jao La gy
o= el (Nisar, 2019) s)ls o0 slaadh U oos 3ol

(A daly) 5 485 e ) i
Knf — (Kp+2Kp)-2¢(Kf—Kp) (A)
K¢ (Kp+2Kf)+(p(Kf—Kp)

odad i P i) i wil p gl Gy oo juS
Jl.»_.w 93l_3 do.&_;.MQL.‘;‘J nf 9 d;b JL.M; do_\;.twoh&} b &abby’l}
IRV g

o=l 3 oad edlatl 4l Jlw 5 Al 05 (658 sl Shs
SlPel 5l izs ol 50l 00 00yl ¥ Jgdn )3 Guins
i oolatwl duo > A% oeld s 3 L Ve M 44,8

1993; Turgut et al., 2009; Bahiraei et al.,2012; Fan et
al., 2008; Ghadimi and Metselaar, 2013; Yiamsawas et

A jeS g dwbro (sl ale (5595 sla e .al., 2013)
adaly 5 L i oyl s 51 40l o ) &V lwgils  Sealiyd
o) (Einstein, 1906) s solatwl 459 g duole (gly (]
od My Ol Sl s> 10 5 59,5 Sy $U sl dlal,
¥ dlay) ol
Hng = tr(1 —2.5¢) v)
54l Jlw (Seoled gy Uy ol S (o> oS @
Al Jlwgil (Seolnd 4o s g
Jie (JoSlo (555 adar I dlize gLng)s &
b (lim 0pnd g geSTim () B- JguS e il S pgikion

(Wen et al.,2009) 1,5 6l g 4l Jbw (Sosdgers (oles (- 0V ° «
Table 3- Thermophysical properties of base fluid and nanoparticles (Wen et al.,2009)
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Fig.5. Nanofluid stability test Al, 05 (Use electric stirrer and magnetic stirrer with sulfate)
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Table 4- Density, specific heat, viscosity and thermal conductivity of nanofluids compared to base fluid
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u(kg.m?ls1 11 3 w$ Cua-3
Mavxwell-Garnett (T=30) kg K7) - plgm™) Volumetric percentage
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1 0.79 4179 997.1 0
1.03 0.77 4050 1026 1
1.061 0.75 3924 1056 2
1.092 0.73 3805 1086 3
1.124 0.71 3693 1116 4
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Table 5 Measurement of fluid flow at different operating frequencies of the electromotor
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(lit min~'Flow$ Electromotor speed (RPM)  Operating frequency (HZ)
15.08 1385 50
11.9 1108 40
9.53 831 30
8.1 692.5 25
6.46 554 20
3.18 277 10
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Fig.7. Determination of electromotor speed based on its operating frequency
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Fig.8. Fluid flow chart based on electromotor speed
80
A
78
O
S 74
g 50 HZ
£ 12 \ . ——30H
= 70 20 Hz
68
66

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30
Time (min)

s5509 5 Ciliseo 593 duw b Sliaugo 5 (A a5 3k sbod oy (4 O T E
Fig.9. Evaluation of opening and closing temperature of the thermostat with three different electromotor circuits
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Fig.11. Temperature changes during the radiator length in 40 Hz and 50 Hz cycles



22 3Rl viuE BAEWEL VY% | %y %3

Owéuoyyv

Czau-£ Czweé ¢ %y

Sliwgeys (b 5l g9 Ly )15 g0 3B (2955 pguis 5,
Cdlpy |y 4 et Ly g @y Gl So 8Ll (3959 sled
o) 5l Sy oo Slimgo s b jomimw (glod 4 1y g5 (sled 5 03505
GMS] g 0355yl oo b Loy jguinw 93 oyl (slod day &y alasd
Jlms 598 L izmo 295 50 31,5 (il 420 Sl eS|
a8l (Il (A5 L j (298 et slo 3l 5l p)S
sy | (o (698 395 pS1a> (lod &y sy b (s
2 ygmiaw 93 sl e sled M LS o Cund (63555 (slod
g5 3,5 (00 3955 )bl 5l Sl 5 0390 Sk Sliwgeys o (Blsa
lod s 0 390 3,5 ol a3 )3 V0 JIY po buwgie
5 ¥ HZ (claygs 3 5Ly Jobo ) ol eaS S Jlw 5 152
JS8 )lg05 53 gl 5 C8)5 )8 (qw)p 3590 909l 04 HZ

s (5Lod Sliuwge i (51 Aty 4y 225 b Ghalel 9,5 L

A5 S oo b Rl (b LyE cud o b Sliwge s 5l LS
slacialloid Wy 5yl olgs & cwd cnl 039 3T L o9
s i Sligayi (s jlo 5l S B o)l (S ()l >
P aS oS gl Gilial o]y oS oled lys Gliwge
@ 2980 dlan Mo Sliwga s (30 5l J3 )93l (6399 sgmtas
g Sl Slige i 59y y 03b A Elygs Sl Jlew youe b
e J315 09 4 o Iy (il 8l Lod piBec e
3y lid Slivwgeyi yid a9 03,5 by w2 ialjil Cliwge 5
I o i b eel Sy ()L (S sS § WS e
Ol g3 9 0a S SE Jlow I (5)luke ygus ales g Sliwge 5
) 38 (o8 oo adgl slod | Sliwge s (293 slod jpui (e

2,5 GBI S bwgays ()9 At 4 a2 b Sl @ g e300 (L
Jb 2 oglasly 51 Jhw g2 ()b 5l 5 03,5 s 95k,
1 g 00 oS Heslualy I (sles il o Igp Lawgs 0l Sis
m10Hz ®m20Hz ®m30Hz
&~ 2000
)
= m40Hz m50Hz
(@4
& 1500
e
2
& 1000
5
T 500
0
Electromotor operating frequen
1
m10 Hz 238.7
m20Hz 3194
=30 Hz 478.6
m 40 Hz 853.2
m 50 Hz 1920

-
~

(@3 6 oz 1oy S 3) &)l JUil ¢ i 2 yigesisl oy 6 (, - OT E
Fig.12.The effect of electromotor speed on heat transfer rate (In one percentage by volume of nanoparticles)
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Fig.13. The effect of electromotor speed on heat transfer rate
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Fig.14.The effect of volume percentage of nanoparticles on heat transfer rate and heat transfer coefficient
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Fig.15. The effect of increasing the motor speed on the displacement heat transfer coefficient in different volume
percentages
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