Z{Hr HW#1 Solution

PROEBLEM 1.18
KNOWN: Chip width and maximum allowable temperature. Coolant conditions.
FIND: Maximum allowable chip power for air znd liquid coolants.

SCHEMATIC:
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Afr‘] h=200 W/mi-K / 1# Cﬁ.fp, me =85°C
Dielectric fluid, /.‘)7')777777.’ /

h=3000Wjm2-K — 1---mnmos +—P

ASSUMPTIONS: (1) Steady-state conditions, (2) Negligible heat transfer from sides and
bottom, (3) Chip is at a wniform temperature (isothermal), (4) Negligible heat transfer by

radiation in air.

ANALYSIS: All of the electrical power dissipated m the chip is transferred by convection to
the coolant. Hence,

P=¢q
and from Newton’s law of cooling,
7
P=hA(T-Te) =h W (T -T..)
In am,
2 2 .
Pinax = 200 W/m - K(0.005 m) (85-15) " C =035 W. =

In the dielectric liguid

Ppjax = 3000 W/m® K(0.005 [n)z-i85-1 5)°C=525W. <



PROBLEM 1.21

KNOWN: Upper temperature set point, T .. of a bimetallic switch and convection heat
transfer coefficient between clothes dryer air and exposed surface of switch.

FIND: Electrical power for heater to maintain Tgee when air temperature is To. = 50°C.

SCHEMATIC:
— - <Dryer wall
Zefec > ' Ansulation pad
| SAAASSALALASNA =fT—Flectrical heater
! <—Bimetallic switch
To=50T Py Pui iy Al

ﬁ:ZSWﬁr:"K_D_ chonv L-Z;ef' =70°C, Ag=30mm?

ASSUMPTIONS: (1) Steady-state conditions, (2) Electrical heater is perfectly insulated
from dryer wall, (3) Heater and switch are isothermal at Tge. (4) Negligible heat transfer from

sides of heater or switch. (5) Switch surface, A, loses heat only by convection.

ANALYSIS: Define a control volume around the bimetallic switch which experiences heat
input from the heater and convection heat transfer to the dryer air. That is,

Ei11 -Egut =0
elec - hAg (Tset *TM)= 0.

The electrical power required is,

delec = hAg (Tset =T )
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KNOWN: Resistor connected to a battery operating at a prescribed temperature in air.

FIND: (a) Considering the resistor as the system, determune corresponding values for Em (W)__

E o (‘.V)__ Eou‘r (W) and Est (‘W)_ If a control surface is placed about the entire system. deternune
the values for ]_Em_, Eg, Eout . and Est . (b) Determine the volumetric heat generation rate within
the resistor, q (W/m), (c) Neglecting radiation from the resistor, determine the convection

coefficient.

SCHEMATIC:

Batt Resistor, T4 =95 °C
ey I & D=60mm, L =250 mm, § (Wim?3)

A
{

L Te=26°C
| — -
ASSUMPTIONS: (1) Electrical power 1s dissipated unuformly within the resistor. (2) Temperature
of the resistor 1s uniform, (3) Negligible electrical power dissipated in the lead wires, (4) Negligible
radiation exchange between the resistor and the swroundings. (5) No heat transfer occurs from the
battery. (5) Steady-state conditions.

ANALYSIS: (a) Referring to Section 1.3.1, the conservation of energy requirement for a control
volume at an instant of time. Eq 1.11a, 1s

Einp +Eg —Egut = Eqt

where Ej,, Eyyt correspond to surface inflow and outflow processes, respectively. The energy

generation term E 1s associated with conversion of some other energy form (chemucal, electrical,

electromagnetic or nuclear) to thermal energy. The energy storage term E; 15 associated with

changes in the internal, kinetic and/or potential energies of the matter in the control volume. E g

E.; are volumetric phenomena. The electrical power delivered by the battery is P = VI = 24Vx6A =
144 W,

Conirol volume: Resistor,

By =0 Byt =144 W

E, =144W Eg =0

The E, term is due to conversion of electrical energy to thermal energy. The term E ; is due to

convection from the resistor surface to the air.
Continued. .



Control volume: Baitery-Resistor System.

E;, =0 Eoy =144W <
Eg=0 Ey =-144W
The ;.Sr tarm rapracents the decreaca 1n tha chamieal enargy within the battery. The convarcion af

D v within the ba
chemical energy to electrical energy and its subsequent conversion to thermal energy are processes

wmternal to the system which are not associated with E¢; or E,. The Ey; term is due to convection

from the resistor surface to the air.

(b) From the energy balance on the resistor with volume, v = (D™ 4)L,
E, =4V 144W =c‘1(;:(0.06m)2 _.-'4}><u.25m §=2.04x10° W/m® <

{(¢) From the energy balance on the resistor and Newton's law of cooling with A, = TDL + 2A(mDY4),

Eout =qey =hAg (Ts _TW)

144W=h[:r X0.06mx0.25m+2 7 x0.06” m?;’ﬂ](%—zsfc

144W =h[0.047140.0057|m” (95-25) €

h=30.0W/m?K <



KNOWN: Radial distribution of heat dissipation in a cylindrical container of radioactive
wastes. Surface conveetion conditions.

FIND: Total cnergy generation rate and surface temperature.

SCIIEMATIC:

5'3=c2°[1 -(r[r,¥]

ASSUMPTIONS: (1) Steady-state conditions, (2) Negligible temperature drop across (hin
container wall.

ANALYSIS: The rate of energy generation is
. NP ¥ N2 )
Eg = Jqd\;—qn .[00 [1-(1.-10 ) :|231'1Ldr
Ey =27L4, (1§ 1215 /4]
or per unit length,
£ = G T _ <

Performing an energy halance for a control surface about the container yields, at an instant,

E,-E;

g ‘out

=0

and substituting for the convection heat rate per unit length,
.2
T 1, . .
% =h (2710 ) (Tg - T )

T =1, +dek <
4h



5.

KNOWN: Inner surface heating and new environmental conditions associated with a spherical shell of
prescribed dimensions and material.

FIND: (a) Governing equation for variation of wall temperature with time. Initial rate of temperature
change. (b) Steady-state wall temperature, (¢) Effect of convection coefficient on canister temperature.

SCHEMATIC:
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ASSUMPTIONS: (1) Negligible temperature gradients in wall. (2) Constant properties, (3) Uniform,
time-independent heat flux at inner surface.

PROPERTIES: Table 4.1, Stainless Steel. AISI 302: p = 8055 kg/m’, ¢, =510 JkgK.

ANALYSIS: (a) Performing an energy balance on the shell at an instant of time. Ej; —E oyt = Eqt
Identifying relevant processes and solving for dT/dt,

» 2 2 4 3 3\ dT
qj (4%1‘-1 )711(‘4m‘0 )(TfToO )= pg:fr (lb - )cpa
(:1_;[= Z ; [q{'rithrg (Tme)].

Pep (10 - )
Substituting numerical values for the initial condition, find
3[105 \—‘2 (0.5m)% =500 —— (0.6m)’ (500—300)1(]

d_T] — m m--K

dt gossk_§51oL[(o.6)3_(05)3]1113

m’ ke

ar ] =-0.089K/s. <
dt

(b) Under steady-state condifions with EsT =0, it follows that

qf (‘4:1'112 ) =h (4}1’1‘5 ) (T-T.)

2 A 2
‘ — 300K 4+ 107 W/im 0.5m 430K

o ) SUUWT;"1112 K\ 0.6m

7(
T=Tm+ql‘ 1
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