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Introduction

IThere are a few mechanisms behind the phenomenon of heat transfer

> Conduction (T &=) — heat transport by vibrations of molecules, particles and even electrons —
the molecules, particles themselves are not moving.[=

> Convection (CH&F) - €2 7+ fluid7 21 0| =510, €0| ME &=
>Radiation (FAL - M ELF LR 2|, €= M EHSt= 0 =2 O] BiCt.
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Introduction

Heat transport by conduction
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dr . :
-, varies along x-axis
Thus, g, should be a function of x position
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Newton’s law of cooling

JThe rate of heat loss of a body is directly proportional to the difference in the
temperatures between the body and its surroundings, provided that the temperature
difference is small and the nature of body surface remains the same.

Fourier’s law”/ & 8= 20, Newton’s law= G T =0 = cooling A 0| X E ST

A2 D RN E (ZAH S Z) MOILET

e T,: Solid-Fluid Z| HO| A 2| 2 =
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Wikipedia
https://en.wikipedia.org/wiki/Newton%27s law of cooling
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0| X[ 6.1
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= f(tuy)
NG IV Apply Euler method to solve...
VYn+1 = Yn + Ayn = Yn + At f(tn, Vi)

4
T(x = 0) = 1000[K]
=5 |2
d,(x) =100]/s y
t I 1m
ﬁ [ A@ = @2 + 1055 [m?)
) dT /
Qx(x) — _kAxd_
X 0] 7] £(x=10 [m])0f| A
g o, 2E=9%HE5E?
— = f(xi,¥)
100 = —k(x? + 10) — A%
(x* + )dx VYns1 = Vn + Ay = v + Ax (X0, Vi)
100 dT 100
dx =dT ——

—k(x2 + 10) dx  —k(x2 + 10)
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Continued

T(x = 0) = 1000[K] ﬁ—zz = f(xi i)
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WithRi=1,R,=2and T, =2,T, =1 — 2
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St HH (composite wall)= &9t €7
o
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0| X| 6.6

o ot ME| (steady-state)

— 1+ Zol2L=01m EFEIR 1 m? o] B siab?} 250,000 W/m?O)
rate2 E= M A[ZICE,

o x=+LQ LEXHOAN BF S7|(T, = 15°C)2 LY.
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T = 4963K + - s = 208Kt S Wm 2k
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HI LY =2 0] &2tE

- JETHO EXME ZUO| MZLHE S2tE2 R0 = %A 21
o, Bt S H el 2= 27t LEEF T}

I r”

o Hab HH] (steady-state)

o O
p E— R UL LR R R )
e Atx =-L, SEE A= hq
x=+L, EH

. At = Al h, and hy # h,
Atx = —L
L1,
q- 5L
T1=_ 2 _C1L+Cz Eq'(l)
From Slide #28 ko
q-5x* 3
T=- +Cx+ G Atx = +L
fem .1
q-_
7?2 = — L;Z + (:1 L+ (:2 [E(q' (:Z) T, — 7?2
" G =
q lLZ .lLZ — .
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ko K i
T; 2
'.lLZ q.lLZ m
Eqg. (1)+ Eq. (2) — 1°7 _ )

771 + 712 = —
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Continued

From Slide #28 T,+T, qL?
C'IxZ / Cz = 5 NE Zk
T = _T-I- C1 X + CZ m
\ From Slide #28
_ qx - T2 T1 + T2 qu
_L-T I = - =L *t 3 ok,
1= g
—2L L2—x2 T,—-T, x T,+T —
_)T=CI( )_I_z LA 2 %E—E—H_‘T(X)
2k, 2 L 2
AN Ao EUS, 2E9| |7t 52 At which x value, T becomes maximum?
S otLf. Lol £t Answer: the x value leading to% =0
gz_zx_l_Tzz—LTl _c'[x+T2—T1=O x_Tz—lem
x m k., 2L T 2L g

A A H| A
M Erate2f CH S rate
= & OFOF St
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Continued e—_— 1.

x=-L

daT
ZAH T of| M Atx = +L, —k,, A, T ly=i1. = gz Ay AT = hy - Ay - (Ty=yr — Teo)

M rate2} CH S rate
L 7t S
- E O|-O|: OI_H:l' Atx =—L, —k,, A, % |X‘=_L = h|x=—L Ay - AT = hl Ay (Too - Tx=—L)

SRR U

dT_ qx+T2_T1
dx k2L Eq. (a)

A

) T, +
Atx = +L, A [~y B oy a, (T, - T | T A VAl | =t 2=
Eq. (b)
] — —T, + T
Atx=—L, —k, A, [% 2R = hy Ay (T —Ty) [ [—qL + %km] =y (T —Ty)

AlF E 1 2L 2L
SR = EEO'"(A;IIQJ Eq. (b) > (-Tp+Ty) = —[hy - (T —T) +4L] = Ty=——[h (T —T)+4L1+Ty
= m m

—{=2L[hy - (To — T1) + GL] + T1k,,} + Tk 2L
{=2L[h; - ( 1) + 4L + ik} 1ml=h2.(_k_[hl.(Too—Tl)+('1L]+T1—TOO)

T, = Eq. (a)0ll CH & [qL + 2L m
T
_ , —2Lhy 2q12
2L [gL + [hy - (T —Ty) +qL]|=h ([ (T —T¢) — l+T—TOO>
'H—{—m[hl- (T T1)+qL]+T1}+T1k : 2 \[ Tk e
q oL m X
212

(—2Lh1

o — 1) (T = Ty) -

—T)+qLl+T T ) [24L +[hy + (Too = T1)]] = h2 - v




T,&T,

[2GL + [hy - (Too = T)]] = hy - <(_

_2Lh1
Kin

2GL +[hy - (T — Ty = hy (

_2Lh1
Kin

m m

by (T = T9) = by (St = 1) - (T = Tp) = -

2412h, + 24Lk,,

—1)-(T°0—T1)—

—1)-(TOO—T1)—

2qL2h,
Km

Kim

2qL2h,

Kim

24L

212

24L

_2qL%h,
k
(T =T1) = 2Lk
r [h1—hz( kml—l)]
v
—2qL2h, — 24Lk,,

24L

T = Too <+—
' " [kmhy + ha(2LRy + k)]

24L(Lh, + k
1"]_ = 71]3 + q ( 2 111)
k,,(hy + hy) + 2Lh,h,
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T,=T,+ q ( 2 m)

[kmhl + 2Lh1h2 + kmhz]
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- SR EVEE (k)= 25 — 0I Ef

) w w
BTt e = s« SO W10 ) (00500 o]+ 25 ]
L )+ 0.1
- —:—L[hl R 25 || (120 |—=|) + 0.1[mIx2700 ||
. 25,000 [W/m?] (29. 5[ =)
7, T, = 15[°C] +
250[1 ;; ][30 [mvl/K]- (15°C — T) + 250,000 [%] 0.05 [m]] + T, 25 [ ](120[ ZKD + 270[ 3K2]
-K
2] w
= —1000['—;_1][—30 [%] - (225.5[°C]) + 12500] £2405[°C] T = 15[°C] + o LVZ:[ (29 ]5 md)
31(2

0.4
Ty = ——— °C] + 240.5 [°
z Top 0/ 30LC] +240.5 [C] T, = 15[°C] + 225.5 [K] = 240.5 °[C]

T, = 217.56 [°C]
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