Heat & Mass Transfer Chapter 10. Hear Transfer by Conduction

Chapter 10. Heat Transfer by Conduction

Heat transfer : transfer of K.E. by molecular interaction

<Assumptions>

1) Conduction in solids
2) One-dimensional heat flow

3) Homogeneous solid

1. Fourier’s law
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Steady & 1-D flow (x-direction)

1. Fourier’s law

1
A-— AT

qx Ax

AT AT

1= 7% 17 ax/ka)

q : rate of heat flow A : surface area

X : distance normal to surface

* Thermal conductivity (2 {1 =5 ) k

k =k(T)
k=a+bT

q

. dr

dx

T : temperature
k : thermal conductivity
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2. Heat conduction equation

Heat Balance

dn (Qx) qout (Qx+dx) Qgen (CI) Qacc .

( Rate of ) _ ( Rate of ) + ( Rate of ) _ ( Rate of )
Heat Flow in Heat Flow out Heat Generation Heat Accumulation

1) Cartesian coordination . _
g ~ Heat generated per unit volume [W/m?3]
g OH

dn _qout"l'q:E

|
> q H =mC,T
|
| dH = d(mC,T) = d(pV C,T)

. _ a(pCpT)
dx — Qx+ax T q(dxdydz ) = dedydz
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cf) Taylor’s series expansion

LofG), 190, , 10,

fx+dx) =f(x)+— X+ — X+ = Ax3 + - aq
1 2 21 ox? 31 0x? _ 99x
If Ax - 0 then, g * x ‘ Qx+dx = Qx + p™ dx
lim FQc+ dr) = fFQx+ di) = £00) + 20D gy
Ax—0 ox

. _ a(pCpT)
Qx ~ Qx+ax + q(dadydz ) = ———= dxdydz

aq _ d(pC,T)
Qx — | qx + =—dx | + q(dxdydz ) = ——=2— dxdydz
0x ot
oT ar k 0°T ¢
Fourier’slaw @, = —kA — E = C. 9x2 + C
ox pLy dx pCy
d oT d(pC,T 2 :
__<_kA_>dx+c'I(dxdydz)=—(pp )dxdydz o’ _or, a4
Ox 0x ot ot dx% = pC,
0 or ) a(pCpT)
M k M tq= o Heat conduction equation
92T oT for cartesian coordination
kﬁ +q=p p E Where, a = pC,. Thermal conductivity [m{], [%]

.
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2. Heat conduction equation

2) Cylindrical coordination

@, Uniform heat

' Il duction
productio
| : “E/ by electrical
' |1 heating
Il 5
—]
i qu r -4y I r+Ar
Heat in by | | Heat outby

. d(mC,T)
Gn — Qout 4 = Tp
. d(pC,T dq
Qr — Qrar T4 = % Qr+dar = qr + aTr dr

o _ k0 (ar\, q
a&  pC,ror \' or )" pC,
A A

o “ror\'ar )" pC,

Heat conduction equation
for cylindrical coordination
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2. Heat conduction equation

3) Spherical coordination

v

. d(mC,T)
qh_CIout+q=(Tp

. d(pC,T dq
QT_qr+dr+q=% Qr+dar = qr + arrdr

o k(19T g
[ S — TZ_ +_
ot pC,(r2or or pC,
or _ {10/ 0T\ . 4
o ~ “\rrar " or oC,

Heat conduction equation
for spherical coordination
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3. Steady-State Conduction

<assumption> : No heat generation

(1) Single layer slab

Heat conduction equation for cartesian coordination
q v
ar 02T
T=T(x — =qg—+ 1
Ty (%) ot " oxz pC,
aT
T, il
x N B.C.
1 Ax 2 @x=x,T=T,

@x =x, T =T,

T, — Tz)
X2
X1 — Xy
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3. Steady-State Conduction

I —T I —T
T(x) = T, —
(x) <x1_x2>x+{ ! (x1_x2 &

_ kAdT
1= 7
— _ Tl_TZ:MTl_T2= E
X1 — Xy Xy — Xq Ax
A—kAAT _AT R_Ax
q/A = kA3 1= T KA
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Ex. 10.1) A layer of pulverized cork (insulator)

q =7
T, = 180°F
A= 25 ftz Tl = 40°F
D —
Ax = 0.5 ft

g ( the rate of heat flow ) ?

120(°F)

AT
q = kA —=0.026 <f — °F> 5(ft%) 5z

I = 0.021 Btu/ft - hr°’F@40°F
~ |0.032 Btu/ft - hr°F@180°F

K

Qb‘;_l o

®F [Ioo'F JOD"F

k = 0.026 Btu/ft - hr°F

Btu
hr

.



