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A Study of Heat Transfer on Disc Brake Using Finite Element Method
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Abstract

Admittedly, a disc brake plays an important role in the auto part industry since it concerns
directly with safety. Therefore, the wide range of disc brake has been designed in order to develop
its heat ventilation. There are two physical kinds of brakes: front-vented disc brake and back-
vented disc brake.

As a result such difference affects directly to the heat ventilation which is a vital factor of
the brake’s capability. The project team recognizes its importance and tries to create the test to
find out the temperature diffusion of the disc brake with the hope to evaluate the coefficient of the
heat convection varied by the temperature changing in both kinds of brakes under the forced heat
convection in the steady condition. However, the steady heat conduction and radiation value will
not be counted because it is insignificant. The JASO C406: 2000 Standard is adopted as a
guideline in the test. The outcome coefficient of heat conduction will be used in the simulation via
the Finite Element Method (FEM) in order to study the temperature diffusion and heat ventilation
of both kinds of brakes at each temperature level.

Consequently the experimental work reveals then the heat convection coefficients of both
kinds are unidirectional. The heat convection coefficient of the front-vented disc brake is 4.40 %
in average higher than that of the back-vented disc brake. From the simulation, the front-vented
disc brake can ventilate the heat better than the back-vented disc brake at 3.02 % in average. It can
be summarized that the front-vented disc brake has more temperature difference than the back-
vented disc brake. Hence, the front-vented disc brake likely gets more stress from the temperature

than the back-vented disc brake and might be damaged during the operation more than the another

type.
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Stanton Number
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Tunsaives Ivailuude aumsildialioglugl
Nu =bRe" (2.21)
9 o 3 ' o A2 o
dm5u b uaz n WA edI YUY Reynolds No.

M13199 2.2 A1 b LAY n 910 Reynolds No.

Re b n
1-4 0.891 0.330
4 -40 0.821 0.385
40 - 4,000 0.615 0.466
4,000 — 40,000 0.714 0.618
40,000 — 250,000 0.0329 0.805
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[ { I~{ Iy} { [
arulunsainved Inatluveunaddosdaudashn 18@enou a2'ld

Nu =bRe" (2.22)
1 3 v @ d'dy [ = EA A 9 = a
A1b LAY n Lﬂummmmuﬂu Reynolds No. cm“l“vmmﬂmﬁmq 2.2 "lﬂmu@umu

' '
- dulszansmsmanuiounuuiauves Tnamuingnssnavaunmsnldne

1
Nu =hTD —~0.2+0.60Re" -Pr3 (2.23)

Tapiia Reynolds Numberﬁ'ﬁmejizij 1 ua 3Ry 70,000 Lag A Prandtl
Number $A1521319 0.6 ua TaiiAu 400 Tasldauiiananenmainguygimasseviamis
AUAINAN
4) FulsrANT MIMANUTOUIUUTITUIA

g v
Tumsmmdulszansmamanudounuusisuna juuuun llvesaumsie
Nu=a(Ra)" (2.24)
Tao Rayleigh No. Ao HaAUDI Grashof Number 11 Prandtl Number @24 a 118 m
< ' o = ' A a A ? 1 A . . . =
LﬂuﬂWﬂ\WI’ﬂﬂ"‘] ﬂiﬂ!"’llf]\‘lvlﬁﬁthﬁNWHWHN'J‘VI'J'NGluLLu’J@Q 1aga1 D A9 vertical dimension U

Ay 1 m a1 a vag mTunuluaunisn 2.24 Tdanaisan 2.4

@13199 2.3 A1 a 1ag m 910 Rayleigh Numberd 111 5uv04 1va Ivar1u

A a A 4
WUAIN 9 IR

Ra=Gr x Pr a m
<10 1.36 0.2
10" - 10’ 0.59 0.25

9

>10 0.13 0.3
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v Y
aunsanyedlva lMaduAINTINTZUALUIAT AIUITONIAT a 11ae m 1a1n
~
A5 2.4

M1519% 2.4 A1 allae m 910 Rayleigh No.d 1 Suvedlvialvaniuinn

ﬂiﬂﬂi%ﬂ@ﬂllu]@%ﬂ
Ra=Gr x Pr a m
10°-10° 0.17 1/25
10°-1 1.09 0.1
1-10" 1.09 0.2
10*- 10’ 0.53 0.25
>10’ 0.13 0.33

= 1 a Y = ! k4
uaﬂuﬂmﬁum"lwa"lwawmmwmuwuuaucluumu@u 1A a llaeg m llﬂmﬂ

A
AITNN 2.5

A15197 2.5 A1 2 LAY m 910 Rayleigh No.d 1 5uvesIva lnariumivid e

soulunuiueu
Ra=Gr x Pr a m
10° - 2 x10' (Flow upward) 0.71 1/25
2x10"-3x10" (Flow upward) 1.09 0.1
3 x10° - 3 x10"(Flow downward) 1.09 0.2
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51 2.6 (n) Wuedmudauiianss 6 w11 ( hexahedron ) ¥AAIUATI ( linear )

8 91970, ¥HAIFUATINIAIADI ( straight — line quadratic ) 20 9AA0 Haz¥HAdU 1AIMIT 04

(quadratic with cureved faces ) 20 9af0 @2ugl 2.6 (v ) iwedwudawia nse 4 uih
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2 4
VUADUN 2
A ’ o 2~ o o 1 Y o A
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a 4
VUADUN 3 MIATIAUMTVDAUDAUUA (Element equation)
Z‘, dy I [ o ax S A SR =\ ax
"UUGI’E]uu‘1]3HJuﬁ']uﬁ’lﬂi‘g"llf)\iﬁﬁﬂWQUlelu@]!@a!Nu@]%’QﬂZNﬁa’lﬂ')‘ﬁiuﬂ’l'iﬁ’lﬁllﬂWﬁ
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= A v v
Mgﬂﬁ’ﬂJﬂﬁﬂﬂﬁW‘]ﬂu

Ky Ky Kyl|[9 F
K,y Ky, Ky|iD,r=1F (2.25)
Kii Ky Ky |9, Fs
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= a 4 ' . . a < o A 1 1
ITUTINUNTNY K 21 element stiffness matrix (UATN ¢ Lﬂuﬂ’lllﬂiﬂlifli\lﬂiTUﬂHLa%

1A 9 R Y A ' g A A o
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@ @ . Y a L4 Y 9 ' A a
AIUDIAY (displacement) DIUATIZUNNATUANNIDUA G ADYUNNN (temperature)

a o 3 o { o 1 a o & s a 4
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2. msuysau (Variational Method)
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3. 35MINMINIAEANA1G (Method Of Weighted Residuals)
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maf 4.2 gungiiinusnizudulumssemanuiou 100 °C MuUsAILDATS
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90 138.0 30.0 41.0 100.5 97.5 99.0 730.0
110 139.0 31.0 41.0 100.5 96.5 98.5 758.0
140 135.5 30.0 39.0 100.5 98.0 99.3 678.5
mae 1375 | 303 | 403 | 1005 | 97.3 99.0 7222
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90 2485 | 320 | 880 | 201.0 | 193.0 | 1970 | 964.0
110 249.0 | 33.0 | 89.0 | 2015 | 1935 | 1975 | 964.0
140 249.0 32.0 78.0 199.5 193.0 196.3 964.0
méﬂ 248.8 32.3 85.0 200.6 193.3 197.2 946.0
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140 359.0 | 31.0 | 117.0 | 301.0 | 299.0 | 300.0 | 1,104.5
mae 356.6 | 313 | 131.6 | 301.0 | 298.3 | 299.7 | 1,066.6
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