CHG 2314
HEAT TRANSFER

Professor: B. Kruczek 2005/01/21
Assignment No. 2

1. Problem 2.6. Hint: The sign of the second derivative of a function provides useful
information about the shape of the function.

2. Problem 2.19.

3. Problem 2.26.

Due Date: Jan 28, 2005 at 4:00 p.m. in the assignment box.



PROBLEM 2.6

KNOWN: Temperature dependence of the thermal conductivity, k(T), for heat transfer through a
plane wall.

FIND: Effect of k(T) on temperature distribution, T(x).

ASSUMPTIONS: (1) One-dimensional conduction, (2) Steady-state conditions, (3) No internal heat
generation.

ANALYSIS: From Fourier’s law and the form of k(T),

dT dT

G =k 5= =(ko +aT) . (1)

The shape of the temperature distribution may be inferred from knowledge of dzT/dx2 = d(dT/dx)/dx.
Since qy is independent of x for the prescribed conditions,

ﬂ:-i[(koJraT)d—T]:o

dx dx dx

2 2
—(k0+aT)£—a|:(—iI} =0.

dx? dx

Hence,
k,+aT=k>0
T - [dTT i
—= — where [ 4T
dx2 ko +aT| dx {d—} >0
X

from which it follows that for

a >0 d’T/dx? < 0 a>0
X 7; =0
) 5 a<0
a=20: dT/dx =0
A
a < 0: d*T/dx? > 0. —>x

COMMENTS: The shape of the distribution could also be inferred from Eq. (1). Since T decreases
with increasing x,

a>0: k decreases with increasing x = > | dT/dx | increases with increasing x

a=0: k=kg=>dT/dx is constant

a<0: kincreases with increasing x = > | dT/dx | decreases with increasing x.
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COMMENTS: The shape of the distribution could also be inferred from Eq. (1). Since T decreases
with increasing x,

a>0: kdecreases with increasing x = > | dT/dx | increases with increasing x

a=0: k=Kkg=>dT/dx is constant

a<0: kincreases with increasing x = > | dT/dx | decreases with increasing x.



PROBLEM 2.19
KNOWN: Identical samples of prescribed diameter, length and density initially at a uniform

temperature Tj, sandwich an electric heater which provides a uniform heat flux qg for a period of

time Aty. Conditions shortly after energizing and a long time after de-energizing heater are
prescribed.

FIND: Specific heat and thermal conductivity of the test sample material. From these properties,
identify type of material using Table A.1 or A.2.

SCHEMATIC:
vy e B2 v <= T nsulation about the
L:10mm._ » s le—D- 60m'rr§'—'—'>|11{; entire block
."'j —— "?‘-%Samp/e 1,P=3965kg/m3
6 —Heater, P(W)

. > .
ik &-Sample 2,p,T=23.00C
RS DRy

ASSUMPTIONS: (1) One dimensional heat transfer in samples, (2) Constant properties, (3)
Negligible heat loss through insulation, (4) Negligible heater mass.

ANALYSIS: Consider a control volume about the samples

and heater, and apply conservation of energy over the time T10)=T=23.00°C
interval from t = 0 to oo Tr0Y=-33.50°C

| e |

]

Ein —Eout =AE =E¢ - E; _F: !

Ein ! i

PAt, —0 = Mcp[T(eo) - T;]
where energy inflow is prescribed by the Case A power condition and the final temperature Ty by

Case B. Solving for Cps

o PA, 15Wx120s
P M[T(e)-T] 23965 kg / m’(7 x 0.060° / 4)m” x 0,010 m[33.50-23.00]° C

cp =765J/kg-K <

where M = pV = 2p(1':D2/4)L is the mass of both samples. For Case A, the transient thermal response
of the heater is given by

Continued .....



PROBLEM 2.19 (Cont.)

1/2
27 t
To(t)_Ti :2qoi: :I

k=

mpek
’” 2
t { 2q,
mpep | Ty(t) =T,
2 2
k= 3(23 2x2653W/m' |k <
7 x3965 kg/m’ x765J / kg-K| (24.57 - 23.00)°C

where

qp=r= b= 2653 W/m?.
2A4 2(7rD /4) 2(7: x 0.060 /4)m
With the following properties now known,
p = 3965 kg/m’ cp =765 Jkg K . k=36WmK

entries in Table A.1 are scanned to determine whether these values are typical of a metallic material.
Consider the following,

metallics with low p generally have higher thermal conductivities,
specific heats of both types of materials are of similar magnitude,

the low k value of the sample is typical of poor metallic conductors which generally have
much higher specific heats,

more than likely, the material is nonmetallic.

From Table A.2, the second entry, polycrystalline aluminum oxide, has properties at 300 K

corresponding to those found for the samples. <
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‘“PROBLEM 2.26

KNOWN: Steady-state conduction with uniform internal energy generation in a plane wall;
temperature distribution has quadratic form. Surface at x=0 is prescribed and boundary at x = L is
insulated.

FIND: (a) Calculate the internal energy generation rate, q, by applying an overall energy balance to

the wall, (b) Determine the coefficients a, b, and c, by applying the boundary conditions to the
prescribed form of the temperature distribution; plot the temperature distribution and label as Case 1,
(c) Determine new values for a, b, and ¢ for conditions when the convection coefficient is halved, and
the generation rate remains unchanged; plot the temperature distribution and label as Case 2; (d)
Determine new values for a, b, and ¢ for conditions when the generation rate is doubled, and the
convection coefficient remains unchanged (h = 500 W/msz); plot the temperature distribution and
label] as Case 3.

SCHEMATIC: v
T(x) = a + bx + cx2
k=5W/m-K, d

T(0) = T, = 120°C

Tw: 20°C |
h =500 W/m2-K ? ?
L «

L =50 mm

Insulated
boundary

ASSUMPTIONS: (1) Steady-state conditions, (2) One-dimensional conduction with constant
properties and uniform internal generation, and (3) Boundary at x = L is adiabatic.

ANALYSIS: (a) The internal energy generation rate can be calculated from an overall energy balance
on the wall as shown in the schematic below.

A +Eéen =0 where Ef = oy
B(Tw -T,)+4L=0 (1)
4=-h(T.-T,)/L=-500W/m?-K (20-120)°C/0.050 m = 1.0x10° W/m? <

To

To ) e 7
T WEQ syl
—_ ih =M é
th {7
Egen ! L x 1 x=L
L—> X L
(a) Overall energy balance (b) Surface energy balances

(b) The coefficients of the temperature distribution, T(x) = a + bx + cxz, can be evaluated by applying
the boundary conditions at x = 0 and x = L. See Table 2.1 for representation of the boundary
conditions, and the schematic above for the relevant surface energy balances.

Boundary condition at x = 0, convection surface condition
oLl ~” ” 4 ” dT
Ein —Eout = aconv —qx (0)=0 where qx (0)=-k —d_)
X Jx=0
h(Teo ~To) = [~k (0+b+2cx), _o]=0

Continued .....



PROBLEM 2.26 (Cont.)
b=-h(Te~T,)/k=-500W/m?-K(20~120)°C/5W/m -K =1.0x10*°K/m <

Boundary condition at x = L, adiabatic or insulated surface

: : ” » ‘ dT |
Ein —Eout = —qx (L) =0 where qy (L) = _k__]

dx )x=L
k[0+b+2cx]x:L =0 3
c=-b/2L =-1.0x10*K/m/(2x0.050m) = —1.0x10° K /m? <

Since the surface temperature at x = 0 is known, T(0) = T, = 120°C, find
T(0)=120°C=a+b-0+c-0 or a=120°C 4 <

Using the foregoing coefficients with the expression for T(x) in the Workspace of IHT, the
temperature distribution can be determined and is plotted as Case 1 in the graph below.

(c) Consider Case 2 when the convection coefficient is halved, hy = h/2 = 250 W/mth, q=1x 108

3 . .
W/m™ and other parameters remain unchanged except that T, #120°C. We can determine a, b, and ¢
for the temperature distribution expression by repeating the analyses of parts (a) and (b).

Overall energy balance on the wall, see Egs. (1,4)

a=T,=4L/h+T, =1x10°W/m?x0.050m/250 W/m? K + 20°C=220°C <
Surface energy balance at x = 0, see Eq. (2)

b=-h(T. ~T,)/k =-250W/m? K (20~220)°C/5W/m-K =1.0x10*K/m <
Surface energy balance at x = L, see Eq. (3)

¢=-b/2L=-1.0x10*K/m/(2x0.050m) = —1.0x10° K / m? <

The new temperature distribution, Ty (x), is plotted as Case 2 below.
(d) Consider Case 3 when the internal energy volumetric generation rate is doubled,
G3=2G=2 100 W / m3, h =500 W/mz-K, and other parameters remain unchanged except that
T, #120°C. Following the same analysis as part (c), the coefficients for the new temperature
distribution, T (x), are
a=220°C  b=2x10*K/m  c=-2x10°K/m? <

and the distribution is plotted as Case 3 below.

Continued .....



PROBLEM 2.26 (Cont.)
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COMMENTS: Note the following features in the family of temperature distributions plotted above.
The temperature gradients at x = L are zero since the boundary is insulated (adiabatic) for all cases.
The shapes of the distributions are all quadratic, with the maximum temperatures at the insulated
boundary.

By halving the convection coefficient for Case 2, we expect the surface temperature T, to increase
relative to the Case 1 value, since the same heat flux is removed from the wall (gL) but the
convection resistance has increased.

By doubling the generation rate for Case 3, we expect the surface temperature T, to increase relative
to the Case 1 value, since double the amount of heat flux is removed from the wall (ZQL).

Can you explain why T, is the same for Cases 2 and 3, yet the insulated boundary temperatures are
quite different? Can you explain the relative magnitudes of T(L) for the three cases?



