Solution to Final Exam 2009 MECH 375

. Assumptions
Problem 1: 1) One-dimensional steady-state radial heat conduction;

2) Classical fin theory applies;

3) Constant properties;

4) Compensated length approach adequate;
5) Radiation heat transfer negligible.

Given
1) Findimensions: H=10mm; w=1mm; L=20mm

2) Sleeve dimensions: R=4mm; t=2mm

hav: Too
'w >\ <z W 3) hiféltvaﬁtrans =10° W/m?-°C ; sleeve and the fin thermal cond.:
| o
@ / ) k., =390 W/m-°C
N,\) r

»
L ~ 4) Air: T,=22°C; h, =30 W/m?-°C
Top View 5) Transistor surface temperature: T =80°C
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D) g=—""=—=" R =Ry corteet + Rir seeve e + +
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sleeve—trans

Ricontact = l/[hcontact At j =1/|10°x7rx 2x4x107° x10x107® |=3.98 K/IW

Avontact =7 2RH

Rth—sleeve—base = In [%}/ Zﬂkcu H = In [4#:2}/ 27Z'><390 x10 ><:|.073 =0.0165 K/W

Ry wtimeg =1/ Ny Apireg =1/{ 30x| 7x 2x 442 x107° x10x10° —6x1x10° x10x10°° | | =105.16 K/W

Afinned

Aotal

Aunfinned
Rth—finned = Rth—one—fin / N = ':1/ nfinhavASurface—of—fin :|/6' nfin = tanh(mLc)/mLc’

-3
m= %; P, =2(H+w)=22x10"m; A,=(Hxw)=10x10°m*=>m= wﬂ&o m™*
K, A 3901010

-6
L =L+ 2 _p0xgge 4 200107
22x10°

cs

=0.02045m= 7, =tanh(13x0.02045)/ (13x0.02045) = 0.977

A e o = P x L, = 22x107° x0.02045 = 0.0004499 m®
R imes =| 1/ €-977x30x0.0004499 ¥/ 6 =12.63 K/W
-1
R,, =3.98+0.0165+ i+ ! =15.27 K/W:q:M:&SW
12,63 105.16 15.27

Note: with no sleeve the resistance is Ry, yimes =1/ Moy Avansicor =1/ (30x 7 x 2x4x107 x10x107%) =132.6 K/W!!
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Solution to Final Exam 2009 MECH 375

Problem 2: Assumptions

' 1) Initial rate of heat transfers: assume steady-state;

Burgers FWire mesh g; gonstant surface' temperatures
0.45 m — - onstant properties;
ﬁ@LQ — ./ i 0.15m 4) Convection heat transfer r_1eg|igib|e. -
v P 5) The burger and the hot brick surfaces are behaving as black
Hotcoal , | i
bricks i Gi
iven
0.90 m 1) Tc—brick =650°C ; Tburger =5°C

2) & =g, =1for brick (surface 1) and burger (surface 2)
3) & =g, =0for aluminum foil

a) Assume the bricks is surface 1 and the burgers are surface 2; thus the initial net rate of
radiation heat transfer exchange between the coal bricks and the burgers bottom faces
a=AF, &;,-¢, ;

e, =0T, =5.669x10°x 650+273.15 * =41171.4 W/m®

e, =0T, =5.669x10°x 5+273.15 * =339.3 W/m?

F, 06, A =090x045=0405 m’

charts—cribsheets
X /D=3
Y /D=6

=q=AF, e,-6, =0405x0.6x 41171.4-339.3 =9922.22 W

b) As the open area is covered with the aluminum that practically has no emissivity its
surface resistance is infinity and there is no net rate of radiation for this surface. Thus the
aluminum sheet acts as a reradiating surface.

1 a7t
q= ﬂ- R = ( 1 ] +|: 1 + 1 :|
Req “ AR, AR; AF,

R, =06—=>F; =04, symmetry = AF,, = AF, 1 ArFas

ebZ

1 1

=R, = AF, +AF,/2 " = 0.405x0.6+0.405x0.4/2 -

e,—6, 41171.4-3393
q= = =13229.7 W
R 3.0864

eq
%increase = 13229.7-9922.2 33.3%

9922.2

=3.0864 m’

Sol-Final-2009-MECH375-2 2



Solution to Final Exam 2009

MECH 375

Problem 3:

a) hy =?

h,D
Nu — av

av
fluid

The thermo-physical properties of air at T, (300K):

1/4
= 2+[0.4Re"? +0.06ReZ*]Pr* [”—j

w

Assumptions

1) Transient heat conduction problem;
2) Sphere in cross flow

2) h,,and U_and T, remain constant

3) Constant properties;
4) Radiation heat transfer negligible

Given
6) D=4.0mm;T, =200°C; T, =27°C
t, =056 s

;U =250 mis;

7) The thermo-physical properties of lead:

p = 11000 kg/m®; ¢, = 2000 J/kg-°C; k = 35 W/m-°C.

p=11614 kg/m3; ¢, = 1007 J/kg-°C; k = 0.026 W/m-°C; Pr=0.707; 2 =184.6x10"" N.s/m?;
Guess wall temperature average of Tw =T, = 200°C=473K thus s, = 260.4x107 N.s/m?;

_ pU,D  11614x250x4x10°
4 184.6x10”

h, D
Nu,, =%
I(fluid

D 155051

kfluid

Re, =62914.4

_ 155.25x0.026

g ~l0181Wim®K
X

1/4
=2+[0.4x 62914.4 > +0.06 62914.4 **1 0.707 ** [%) =155.95

b) The final temperature of the bullet right before the impact

_h,R/3 1013.1 x(2x10°)/3
k 35

Bi

solid

T-T,

=0.01929 < 0.1= LPA valid

3x1013.1

T
T, =27+173x0.962 =193.4°C

T -
= exp| ——2 ! =exp| — .
-T, Vpc, 200-27 2x10° x11000x 2000

c¢) During the travel time what is the amount of heat loss (in J) for the bullet?

Q=Vpc, [T, —Ti]=§7z 2x10° * x11000% 2000x 193.4—-200 = -4.86 J
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Solution to Final Exam 2009 MECH 375

Problem 4: Assumptions
1) Steady-state heat transfer;
2) Heat loss to ambient negligible
a) Determine the exit temperatures 3) Constant properties;
and the rate of heat transfer in Note: Approximate water
C,;, = m,c,= 3350 W/K properties by saturated liquid data.
Guess water temperature rises about 20°C
Thus, T, =15°C ——>c, = 4184 J/kg-K
C.=m.c, =0.6x4184 = 2510.4 W/K Given
thus m.c, <m,c, T, =100°C; T; =15°C; m_ = 0.6 kg/s;
_ M)y _ Coun _ 25104 -0 C.;; = 3350 W/K; U =500 W/m*-°C; A = 10 m?;
" (mc)max Cmax 3350 . hoiI /hwater = 08
NTU = UA  500x10 199

(mc),, 25104
&=Ueo _Tc,i)/(Th,i _Tc,i) m.c, <m,c,

1) Counter flow arrangement
Gaiom > 6s =0.72= (Tc,o _Tc,i)/(Th,i _Tc,i)

-T.. -10
_ (rc,o c,|) _ (rc,o ) =T . —74.8°C

0.72 = = )
(Th,i _Tc,i) (100_10) '

q=(me), (T, ~T,.)=(me), (T, ~T. ) =T, =T, - E”.“C;C (T..-T..)=100-0.749 748-10 —T,, =51.5°C
o T =T o =T ~ oy, (oo e ,

q=(mc),(T,, -T,;) = 2510.4 €4.8-10 162673.9 W

b) If the ratio of ratio of convection heat transfer coefficients of oil to water is 0.8; and assuming thin
wall heat exchangers, calculate the wall temperature at the inlet of the counter flow heat exchanger.

q”:U Thi _Tco :hoil Thi _Tw :hwater T,-T

w co

Ny / Nyper =0.8=0.8T, +T,=0.8T,,+T, =T, = w =86°C

Good Luck
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