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Effect of \Variation in Pitch of Tube on Heat
Transfer Rate in Automobile Radiator by
CED Analysis

P. K. Trivedi, N. B.Vasava

Abstract— The demand for more powerful engines in smaller ~ Tube Side Data:-
hood spaces has created a problem of insufficient rates of heat Diameter of Tube: - 7 mm
dissipation in automotive radiators. This has lead to the increased No. of Tubes: - 29
demand on the power packed radiators, which can dissipate e ) 0
maximum amount of heat for any given space. The geometry of Media: - Water + Ethanol (500 %)
the finned-tube heat exchanger is an intricate one and there are 1 emperature (Engine):- 95 °C
no analytical optimization schemes available to optimize their  Inlet Velocity: - 2m/s
design, while experimental trial and error is far too time  Outlet Pressure: - 1.01325 bar
consuming. The radiator designs at present depend on the
empirical methods, wherein existing experimental data is used as 644
the thumb rules for the design process. However, for any == =
preliminary design the performance of the radiator can be =
accessed through Computational Fluid Dynamics (CFD) in prior A
to the fabrication and testing. In this thesis, first of all solid
modeling of heat exchanger in Solid works is prepared and then o
this solid model is transferred to ANSYS Workbench mesh module ~0
for meshing. After completing meshing, this meshed model is N
transferred to ANSYS CFX for CFD Analysis. Once CFD
Analysis is completed with ANSYS CFX, all the flow parameters
like heat transfer rate, temperature contour etc. is identified. After v
getting all the flow parameter it is possible to examine how the =
heat transfer rate of radiator can be enhanced. For that purpose
one geometrical parameter e.g. pitch of tube is varied. As a result Figure (1): Experimental heat exchanger
of this parametric study, the effect of pitch of tube for best

Table 1: Experimental Results Given by Company

configured radiator for optimum performance is suggested.

Keywords: CFD, Heat transfer, Modeling, Pitch, radiator Engine Tslij(?: Shell 85?32
design, Simulation, etc. Veloc Temper -
: : Outlet | Side Outlet
Sr | ity of Velocity of ature T inl
Car Car m/s Tube emperal In et temper
I. INTRODUCTION N , ture | tempe | ature
. ) o. | Kmph ISIIdet (Experi | rature | (Experi
It is known that heat transfer increases as the surface area nie mental) mental)
of the radiator assembly is increased. But due to the customer
demand of small car having inside better space, the 1130 8.333333333 | 95 8712 | 35 60.52
manufac_turgrs of commercial v_ehlcles are facing a 2 | a0 1111111111 | 95 8692 | 35 62.15
substantial increase of heat release into the cooling system.
This leads to change the geometry by modifying the 3 |50 13.88888889 | 95 86.52 | 35 63.52
arrangement of tubes in automobile radiator to increase the
4 | 60 16.66666667 | 95 86.14 | 35 63.89

surface area for better heat transfer. The modification in

arrangement of tubes in radiator is carried out by studying the 5 | 70 19.4444444 | oo 8595 | 35 64.52

effect of pitch of tube by CFD analysis using CFX. 4
6 | 80 2222222222 | 95 85.14 | 35 65.27
Il. EXPERIMENTAL HEAT TRANSFER
CALCULATION 7 | 90 25 95 8496 | 35 66.29
Radiator is considered asa _SheII and Tube Type Heat 8 | 100 2777777778 | 95 8452 | 35 68.26
Exchanger and Overall Dimensional Experimental Radiator
are as under. Mass Flow Rate, Heat Transfer Rate and Overall Heat
Shell Side Data:- transfer Co-efficient are calculated as per its respective
Media: - Air equationse.g m=A*V*p Q=m*Cpy* 4 Tand
Temperature: - 35°C U= Q
Inlet Velocity: - 30 Kmph (Vehicle Speed) A (Toutlet _Tmean)
Outlet Pressure: - 1.01325 bar
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Table 2: Experimental Result summary

Vel Engine Shell
- Tube ] Shell

Sr OC(:]E -Ir—:trﬂ fee Side ﬁ:lde i Side M;SS Heat
N | Y Outlet Outlet ] Transfer

Car Tube temp Air
o] . Tempe temper Rate

Km Side rature eratu ature (m)

ph Inlet re
1 30 95 87.12 35 60.52 2.013 53.3696625
2 40 95 86.92 35 62.15 2.684 76.4727964
3 50 95 86.52 35 63.52 3.355 98.200179
4 60 95 86.14 35 63.89 4.026 | 121.7438244
5 70 95 85.95 35 64.52 4.697 143.267894
6 80 95 85.14 35 65.27 5.368 | 169.5901504
7 90 95 84.96 35 66.29 6.039 | 195.9124068
8 100 95 84.52 35 68.26 6.71 231.980133

I1l. CFD ANALYSIS
3.1 Modeling of Radiator

After performing simple calculation, the modeling has
been performed on the Solid works 2009 version and then
after the analysis work has been performed on the
ANSYS12.0 version.
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3.3 Results of Analysis
3.3.1 Tube Side Results:-
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Figure (4): Inlet Temperature:-368*F (95* C)
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Figure (2): CAD model of radiator
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The Cavity Pattern method is used for CFD Analysis of
radiator in this study. In cavity model, there are basically two
Domains. D-1:-Water with addition of glycols & D- 2:- Air
Domain The input data and boundary conditions are chosen
from the study of Changhua Lin and Jeffrey Saunders [5].
The properties of air and coolant were defined for standard
conditions and kept constant throughout the analysis.
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Figure (3): Meshed model of radiator
3.2 CFD analysis
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Figure (5): Outside Temperature:-359.94*(86.94*C)
3.3.2 Shell Side Results:-
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Figure (6): Inlet Temperature:-308*F (35* C)
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Figure (7): Outside Temperature:-334.25*F (61.25* C
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As Per above Procedure, We have done 8 iteration for 0 2 5 5 23 09 0
different Velocity and inlet temperature configuration which
results are as below.

IV. CFD ANALYSIS BY VARYING PITCH OF TUBE.
Table 3: CFD Result summary

Ergine 4.1 Modeling of modified radiator

Veloc Tempera T\_Jbe Sr.|ell Sr.1ell R . . .
s e | e | o] LS esor | HeatTaster | Themal The existing cad model of this radiator is replaced by
LS T ] renper | empe | e | AT | S e making modification in it. In this model the existing Pitch of

Km| Side - - - -

’ et we | e | ue Tube is 12 mm and Dia of Tube is 7 mm. The Pitch of Tube

T ® % Woi | B | 615 | 208 | Siuees | as@ is decreased and taking 10 mm. Now, the analysis is carried
2 40 95 86.652 35 63.21 2.684 76.4727964 44.629014 OUt by mOdIfIEd I'adlatOI'
3 50 95 86.24 35 63.98 3.355 98.200179 45.295405
4 60 95 85.96 35 64.94 4.026 121.7438244 46.104096
5 70 95 85.79 35 65.2 4.697 143.267894 46.319018
6 80 95 84.15 35 66.28 5.368 169.5901504 47.193724
7 90 95 83.86 35 67.12 6.039 195.9124068 47.854589
8 100 95 83.15 35 69.23 6.71 231.980133 49.443883

3.4 CFD Validation

To validate the CFD results, comparisons were drawn
between obtained results and received experimental data
which is given below.

Table 4: Comparison of Experimental results and CFD

Results
S
En h
- el Perc F
gin | Tub I sh | enta . o . .
e e ; Perce Figure (8): Modified Radiator Model (Pitch)
Ve T id b Si hell ell ge
loc e | Side | Tu d S_e sid of ntage .
ity | P Outl e o | Side e | vari of 4.2 Results of Analysis:-
S era et Side | .” | Outlet : variat 4.2.1 Tube Side Results:
of in Ou | atio - & -
r tur | Tem | Outl tempe ion
Ca le tlet n
N p e perat et t rature te Tub Shell
°| k Tu ure | Tem (Expe Side
te - mp e
be | (Exp | perat rimen - Temp
M | sid | erim ure | M tal) era | Side eratur
ph p tur | Tem
e ental e
er e pera
Inl )
at ture
et
ur
e
87.1 | 869 | 3 61. | 0.20 | 1.206
1130 | 95 2 4 5 | 6052 | 25 66 2
86.9 | 86.6 | 3 63. | 0.30 | 1.695

2| 40 | 95 2 52 5] 6215 | 21 83 4

865 | 86.2 | 3 63. | 0.32 | 0.724
3|50 | 9 2 4 5 | 6352 | 98 36 1

86.1 | 859 | 3 64. | 0.20 | 1.643
4160 | 95 4 6 5 | 6389 | 94 89 4

859 | 857 | 3 65. | 0.18 | 1.053

5] 70| 9 5 9 5 | 64.52 2 61 9

—
0050 0.150

851 | 841 | 3 66. | 1.17 | 1.547 Figure (10): Outlet Temperature Contour
680 | 95| 4 5 | 5|6527 | 28| 45| 4
4.2.2 Shell Side Results:

849 | 838 | 3 67. | 1.29 | 1.252
7190 | 95 6 6 5 | 66.29 | 12 47 0
8 95 68.26 1.421
10 845 | 831 | 3 69. | 1.62
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Figure (12): Outlet Temperature contour
As same as above procedure, the another trial is made by
increasing Pitch from 12 mm to 14 mm using ANSYS CFX
keeping the boundary condition as same as taken.
4.2.3 Result table showing effect of pitch
Table 5: Pitch effect result table
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Tem | L0 | hell | Shell | Heat
Sr | Pitc | perat Outlet Side Side | Transfe | Thermal
N | hof ure | rem inlet | Outlet r Efficienc
0. | tube | Tub P tempe | tempe | Coeffic y

eratur -

e e rature | rature ient

Side

Inlet
1 |12 95 86.94 | 35 61.25 | 53.369 | 42.85714
2 |10 95 88.1 35 59.3 49.405 | 40.97807
3 14 95 85.14 35 60.12 51.072 41.7831

V. CONCLUSIONS:-

The fluid flow and heat transfer analysis of an automotive
radiator is successfully carried out using numerical
simulation built in commercial software ANSYS 12.1. Above
Results Shows that as the pitch of tube is either decreased or
increased, the heat transfer rate decreases. So we can say that
optimum efficiency is coming at the pitch of 12 mm. The
study forms a foundation for the fluid flow analysis of an
automotive radiator. With the computational time and
resources available, the results obtained were found to be
satisfactory. However, to account for the variation of the inlet
conditions with time as in practical cases, transient analysis
can be done.
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