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‘There are 3 (Three) questions. Answer all of them. Marks of cach Question and the corresponding CO
and PO are writien in the brackets. The symbols have their usual meanings. All the necessary equations are

attached
allowed

afterward. Assume reasonable valucs for any missing data. Programmable calculators are not
Do not write on this question paper.
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Derive the temperature distribution in fully developed flow within a tube exposed to (12)
constant surface heat flux. Formulate that the temperature gradient remains constant ~ (CO2)
with respect 1o the axial distance (x), indicating that the temperature profile retains its ~ (PO2)
shape uniformly along the tube. Morcover, llustrate how the average fluid temperature — (P1,P2)
along_the tube, under constant temperature. conditions, exhibits an- exponential
variation, with necessary derivation.

Oil flow in a journal bearing can be treated as parallel flow between two large  (13)
isothermal plates with one plate moving t a constant velocity of 10 m/s and the other ~ (CO2)
stationary. Consider such a flow with a uniform spacing of 0.7 mm between the plates.  (PO2)
The temperatures of the upper and lower plates are 40°C and 15°C, respectively. By~ (P1,P2)
simplifying and solving the continuity, momentum, and encray equations, determine

() the velocity and temperature distributions in the oil, and
(i) the maximum temperature and where it occurs.
Engin oil ntes | cm diametr tube at 40°C and with  flow ate such that he  (12)
. Fully flow takes place in  (CO4)
o ha s h o mpeatre 1013+ when the bl cmpertue s~ (PO
constant at 80°C. Calculate the following ®1,p4)

9 Moan Reynolds b, () Averags convct
i) Length of the

n heat transfer coefficient, and

Airst | s 500 K blows cros S0 apar ot plinat o vlocky mch - (13)

the plate is 1.1%10°. (cot)
bcgm “untl halfway along the plate and then the surface temperature is 400 K. (PO4)
Determine the heat transfer rate from the plate ®1Pa)
Airiis o be heated by passing it over a bank of 3-m-long tubes inside which steam is (25

condensing t 100C. Al appoaches e b bark e orml dircion st 20°Cmd - (CO3)
ith  moen velocy of 52 mis. The otr disckrof e tubos s L6 e ud. (PO3)

e tubes are rranged saggered with fongtudinl and tansversepiches of S, St~ (P1LP2)

4 cm. If the outlet temperature is 30°C determine (a) the number of tubes in the

longitudinal direction, (b) pressure drop across the tube bank, (¢) the rate of heat

transfer, and (d) the rate of condensation ofsteam inside the tubes
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Necessary Equations
For flow across tube banks —

Sp= V5 + (85,020
In-line and Staggered with Sy < (Sy + D)/2:
St

¥
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NaDL = pVING Sl

The pressure: drup fora tube bank

2P =N

For parallel flow over a flat plate, the local friction and convection cocficients arc -
0.664

Laminar: €, = Re, <5 % 108
I
N 03RAPAT P> 06
Tbidet: .= “,;'-i": —
06=Pr=60
Nu, = 2% = 0.0206 Re? Prirs

5% 105 Re, = 107

The average Nusselt number relations for flow over a flat plate are -

Laminar: N =" < 0661ReP PN Rey <5 % 10°
Turbulent
n 06=Pr=60
Nu=tL = 0037 Reps pr
R S 10 =Ry = 10
surfaces with an unheated starting section of length C, the local Nussclt number

| NUy e =0y
aminar Nu, = =g

N fore=0n
Turbulent:  Nu, e

section of length &, the average Nusselt number —

N, = Nogg |

For laminar, p = 2, and for turbulent, p = §

The End,
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