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Heat Transfer Final Exam
(Model Correction)

Problem n° 01 (08 points):

1) The energy balance on the finned surface in terms of: Qotat, Geonv.@Nd Qrag :

Taking a control surface from the finned surface:

Ein + Eg — Egyt = Egt (Where: E; = 0, and E5; = 0)

Give Ein = Eoue then, Qotal = Qeonv + Qrad @

2) The total surface area (As, wtar) for heat transfer :

1
: <
—_—
o
B i
1
1

As; total = As; finned + As; unfinned

As; finnea = 7 X (2% (5x100)) + (2 x (2 x 5)) + (2 x 100))

As. finnea = 85.4 cm? = 0.0085 m?

fins \

Ag;unfinnea = (10 X 6.2) — (7 X 0.2 X 10) Finned surface —_,,

Unfinned surface /

N

Ag; unfinnea = 48 cm? = 0.0048 m?

Give: A, torar = 0.00133 m? @

3) The radiation heat transfer rate (Qyraq):

. — 4 4
We have: Qrad = S-As,total- 0. (TS = Tsurr

Then, graqg = 0.9 X 0.0133 X 5.67 X 1078((60 + 273)* — (25 + 273)%), give : goq ~ 3 W @

4) The heat transfer coefficient (h)

The convection heat transfer coefficient can be determined from Newton's law of cooling relation for a finned surface.

dconv dconv
= nXxXhxAg X% - - =_——com - =
Qeony = 1 X h X As X (Teo = T) h NXAgX (Too—Ts) h 0.90%0.0133x(60—25)

Where: geony = Qtotat = qraa = 12W—-3W=9W
— 9 H . —~ w
Then h = 090x00133x(60-25) I'V& h~ 21.50 (7.°C)

5) The minimum free-stream velocity (Unin) the fan needs to supply to avoid overheating:

Starting from heat transfer coefficient, Nusselt number, Reynolds number and finally free-stream velocity will be

determined. We assume the flow is laminar over the entire finned surface of the transformer.

hL _ 215x0.1 Nu? (80.20)2

=80.20 With, Nu =0.664Rel*Prs — Re, = = ~ 1.8 x 10*

k 0.02681 0.6642 X pré (0.664)2 x (0.7248)2/3

-5
UpinL R 1.8x10% x 1.726 x 10
Then, Re, = 2ok, = 22 o 1000 X LTE0X — Uy =3.11m/s

Nu =
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Problem n° 02 (04 points):

1) Draw the thermal resistance circuit for this wall :

Fiberglass
Sheetrock, insulation

Tin=25°C Tot=4°C
hin = 8.3 W/im2.K hout = 34 W/m2.K
L

.ﬁ\“

18mm*>4 }(— 178 mm —>‘ Flem

R(:onv.l Rcond,l Rcond,z Rcond,3 Rconv,2 @

2) Determine the thermal resistance of the wall :

Rwall = Rconv,l + Rcond,l + Rcond,z + Rcond,3 + Rconv,z

1 L Ly L 1 @
Ryan = + sheetrock + fiberglass n sheetrock 4

hin- A ksheetrock- A kfiberglass- A ksheetrock- A hout- A

R _ 1 0.018 0.178 0.018 1
wall ™ g3x(5x3) | 0.15x(5%3) & 0.02X(5%3) ' 0.15X(5X3) @ houeX(5%3)

Ryan = 0.008 + 0.008 + 0.5933 4+ 0.008 + 0.002 — R, ~ 0.6193 (°C/W) @

3) Calculate the heat transfer rate through the wall :

_ Tow,in=Tew,out _ 25-4 -
4= Ryall " 06193 - q= 33.91 (W) ( :

Problem n° 03 (08 points):

1) The variation of temperature %T() along the spoon :
Assuming that the heat transfer from the tip of the spoon is negligible, then, the variation of temperature will be given

from Table 1, by:

T(x) —=T(0) _ coshm(L-x) _
T(b) —=T(0) ~ coshmL @ (Equation 01)

2) Determine the temperature difference (AT = Ty, — Typ,) across the exposed surface of the spoon :

Calculating Ty, means that: x =L =7 in.

Substituting in (Equation 01),

T(L) —=T(c0) _ coshm(L-L) - _ (cosh m(L-L) _
T(b) —T() - coshmL T“p - ( coshmL ) X (T(b) T(oo)) + T(oo) @

l
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3X2X 0.5+0.08
Ce2 5 m=10 ft 1 (Inches to feet: 1 ft = 12 in)
m = kAC 8. 7)((0 5><0 08) - . -

1
cosh(5.83)

_ cosh(0) _ _
Tyip = (—Cosh(10x£)> x (200 — 75) + 75 (

)x(125)+75=( )x(125)+75

170.18
cosh(5.83) = 170.18 (Using Table 2).
Tyip = 75.73 °F — AT = Ty — Typ = 200 — 75.73 = 124.27 °F

3) Determine the fin heat transfer rate (qy)_:
From Table 1: gf = M.tanh(mL)

Where: M = JhPkA.0, = |3 x 2(2222%) x 8.7 x °5X°°8x125 S5 M=114
cYb

tanh(mL) = tanh (10 x %) — tanh(5.83) = 0.999

OO O 6

qr = 11.38 Btu/h
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