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marks. All formulas and data you may need to answer the questions are provided in the pages following
the questions.

1.

A copper plate 2.5 m long, 2.5 m tall, and 0.1 cm thick, initially at 90°C is suddenly placed in a
room with still air at 30°C. The plate is held in vertical position. Calculate the initial heat
transfer coefficient, initial rate of heat transfer by convection, and the initial rate of temperature
change for the plate.

The temperature of air flowing through a 25-cm-diameter duct whose inner walls are at 320°C is
to be measured using a thermocouple soldered in a cylindrical well of 1.2-cm OD with an
oxidized exterior (emissivity = 0.94). The air flows normal to the cylinder at a mass velocity of
17,600 kg/hr.m?. If the temperature indicated by the thermocouple is 200°C, estimate the actual
temperature of the air.

A counter-flow heat exchanger is stated to have an overall heat transfer coefficient of 280
W/m® K when operating at design and clean conditions. Hot fluid enters the tube side at 95°C
and exits at 75°C, while the cold fluid enters the shell side at 25°C and exits at 35°C. Aftera
period of use, built-up scale in the heat exchanger gives a fouling factor of 0.0004 m>.K/W. If the
surface area is 93 m?, determine (a) the rate of heat transfer in the heat exchanger and (b) the
mass flow rate of both hot and cold fluids. Assume both hot and cold fluids have a specific heat
of 42 kJ/kg K.

Consider the flow of oil at 20°C in a 50-cm-diameter pipeline at average velocity of 0.5 m/s. A
2500-m-long section of the pipeline passes through icy waters of a lake at 5°C. Measurements
indicate that the surface temperature of the pipe is very nearly 5°C. Disregarding the thermal
resistance of the pipe material, determine (a) the temperature of the oil when the pipe leaves the
lake, (b) the rate of heat transfer from the oil, and (c) the pumping power required to overcome
the pressure losses and to maintain the flow of oil in the pipe.

Air
17,600 kg/h m?

F'ﬁ A. SKekdh Sov QuUeakion 2,

(Pagqe 2)



Foorunlan  avd Data — Nod '«\cceb%q;{‘;\\y' v the Adwnc

OXAeA 45 aquenhicny, Cove\aony voay wek be the
Ane @ o Mg rexd book

» v ] f (AT . 2 — B
R = MCp AT & Regna® - %A 5 5 R T AT,

-8 2
G A L

2

For Slow of qasey o¢ Viguids <eYOAA  cylindens o

wai Lovvn \-cwx\:e/{ah.wo . L'/ 5
W_——_’/_——"'—ﬁ——-\n

Va | R NG
WD 062 R P i +< S )
Niey = g = o3 7 e K ABaoes

{ (o. '113‘] Yy

B\aid Propervien o« ‘(Js-_f. 39: (,Toc + \s\.

' J
For Cobbex i- k= 4oo Wim.x. @=9a33 ;K_%..?) | CpF 385 /¢<3.\<
’ W

For Ric e Kalm'ﬁ p I/kq.« K Wim M K9 mg
at 3o°¢C V164 \ooT ci 02580 \"6'7.1)(\0"?
ok BFcC  Vea2 veoT ©: 02135  \AL3wieT

0 5.905 8 \oc 9, c.®0AD 28\ "“’"E.>
ak ‘oo C 54 1023 c.o3 1A 1.51'7x\d”5
e. 1

ar Wo'C

- 3
Gr = %ﬂ(‘\'s*-—\‘ach\-o . Re= SVD _ VD  Pes MCP
a— I 'vvl mamem ) u 'v K
/5 = -——' Lo ideal 3@5&, Le= Plate \\Qah{- (nq. ) |
\ , R-S ¢ \n LDOlDL) R&;O \

oY b =R v

VA4 J A-_ UsAp . Ay AL AT KL Ao hoho
FLaY?

Thormal embry temglly: by = 0:09 Re..Pr.D, Ser Vomnay flow

\ . . L . ~ oD
\'h,\cwv\;v\cw ¥ 0.05 Re. D ) h"‘“’(b\dw’\ ”‘“4‘0«42“4

(Pq%e 3)



Comnkany  muface ’\Q’W\\e@fc&\w\a Flow v Yuloes

ConAkemt  Auc Race ‘heat S\ ; Te: To 4 Uy As
v‘?\cF
L= -G—q- L Yevainay thw
Re 2
% Y
Fox ol Dennidy  <p K " .
T, %93 Tlvgw  Wleec “11*:-:
. ©:93
ar AECC 889 88\ :.:322 3'8‘:“(,
at ofc 8aq 1T PRI 2. 32
or te°c “a3 @39
Fovr  valornal Kot ced CoNNCcelon ¢ 0: 069D (D L) Re. P(

Enivy veqion, ‘awnmnay NLZ Buel \+ O 0’*‘_('9'\ Re. ?]
€ HYdrodynamically deetogsd,
'“ﬂe_v‘mcl\j ot RulMy Aevdogd

Nakuval Conecion fows Verkicad plaie
MG valid
°-3%1 RCL fFovr

{ (0 Qa2 qh(ﬂ /Q—, a\\ RQL

Bz bkc Lc:—\—é——

Nuw = o -82H A

Luwnped  System  Analuai: B <o\ —= >
T@W-Voc _ e'x\“(“ hbs t)
- RV <p
~. - Voo

- [ k-e'
axe YOWARMNMY  wod
I_S; youo AN QN\?’ daka )

Juatifiodole ARKLNNPTATNS - Explain youy wotk c\ccm\\j.

(?qae 4\



