GATE| PSUs

State Engg. Exams
worknook 2024

Detailed Explanations of
Try Yourself Questions

Chemical Engineering

Heat Transfer

N=

ERASY

PUBLICATIONS

© Copyright: Subject matter to MADE EASY Publications, New Delhi. No part of this book may be reproduced or utilised in any form without the written permission




Conduction

) Detailed Explanation
of

Try Yourself Questions

"

T1 : Solution

(Ans : 57.3 cm)

Fire clay Diatomite Red brick T4 . T
T : 4
T K, K, K, A | Fire clay ' Red brick q
BN g - 1
<—>I<—>
Ly Ly Ly L, Ly
g_ _ Tl
L L L,
4y =2 L =8
KA KA kA
n-T,
q= ;
Lo L
KA kA
-l _ T-T,
L L Ly ,
=2 4 =8 L1 L3

KA koA k3A /<7\+/<7\

1 1
011,006 025 ~ (11 [
094 0.13 07 094707

L, = 0.573=57.3cm
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T2 : Solution

t=150 mm, k = 15 W/mK

(i)

at

b +2¢(0.15)
b+ 0.3c

(ii) For steady state,

|9l
aX

(iii) 2.67 x 108 + 0.3¢ = 0

QO.

Detailed Explanations of Try Yourself Questions : GATE 2024

h(T-T.) 500x(100-20)

0150 0.150

0.267 x 108 W/m?

a+ bx + ox?

0

T,=100°C, T_=20°C,

= 500 W/m?-K
=0

100°C
a+0+0, (a=100)

(@)

h(T—-T_)

500 x (100 -20)
266.67 x 10
2.67 x 103 k/m
-8.9 x 103 k/m?
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Transient Heat Conduction
and Fins

) Detailed Explanation
of

Try Yourself Questions

"

T1 : Solution

(8 watt)
Given: Q = 6watt
Effectiveness = 3
Efficiency = 0.75
Qactual P
Now, as we know, n = ——— = Efficiency
Qmax
Q .« = Whenthe entire fin surface is maintained at base temperature
6
075 = — Q= 8 watt
Qmax

T2 : Solution

(Ans : 0.333 m)
T =120 — 100x + 24x? + 40x° — 30x*

2
a—T+O+O+O = 197
ox? o Jt

Rate of heating or cooling,

T T

_— = o —
0T 0T

Location for maxima.

d(aT
2120 Z o
Bx(at)

|_.x L =500 mm
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MRDE ERSY Detailed Explanations of Try Yourself Questions : GATE 2024 5

0 (BT) 3T
) — = o—
ox\ ot ax?:

3T
— = 0
ox
3
a—z = 0-0+0+240-720x
ox
240-720x = O
X = @=O.333m
720
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Radiation

) Detailed Explanation
of

Try Yourself Questions

"

T1 : Solution

(806) [805 to 807] W/m?

. 012, one shield
Q12, one shield = A

o[ 7 -73] (5.67 x107%)(800* — 500%)
" 11 R 11
SR Y TN S B [+_1]+[+_1]
(61 € J (631 €32 ) 02 07 0.1 01

G, = 806 W/m?

T2 : Solution

(715) (714 to 716) K

H Ty, =650 K
— Tf U €e=06 —
T,=400K

cof7i T

Te= Tp+ ( h )
8 4 aqn
T - 65O+O.6X5.67><1O8Ox(650 4007)

T, = 715K
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T3 : Solution

Detailed Explanations of Try Yourself Questions : GATE 2024

(Ans : (a) 10.63 kW/m?, (b) 2.21 kW/m?, (c) 837.59 K)

(@) T,=1000 K T,=500 K
=01 |e,=05
1 3 2
€,=025
(.7 0(7;4_7'24)
A teg 1 Tg
& Fo )
5.67 x 10" x(1000* - 500°)
- 3+1+1
% = 10631.25 W/m? = 10.631 kW/m?
(7 6(7—14_7—24)
(b) — =
A te A (1—6) (1—6) 1 1
— | — |+ —[+=—+—2
& Fis € € Fas S
(g) _ 5.67x(1000* -500°)x10°°
A) 3+1+9+9+1+1
q P
A= 2214.843 W/m
a _ kW
or a = 2.214 e
q o -T")
© AT Te 1 te
t—+—
€ Fy €
5.67x10° x(1000* - T*)
2214.84 =
3+1+9
T = 837.59K
EEEE
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Convection

) Detailed Explanation
of

Try Yourself Questions

"

T1 : Solution

(Ans : 9820 W)

3
Grashoff's number, ar= £ (B%AT)
\
2m
25°C
2m
Tmean = 875OC

L=2m

v = 1.6x10°m?/sec

B = oo 1 _o77x10%K

mean - 3605
AT = 150-25=125°C

2B x277x10° x9.81x 125

T

Gr = 55 =1.061 x 10"
(1.6x 10°)
Nu = 0.15(GrPr)8
hL
K = 0.15(1.061 x 10" x 0.69)'® = 627.59
2
, _ B27.59x343x102 oo

2
Assuming heat transfer from both sides of the plate.
Heattransferrate = h(2A) AT=9.82 x (2 x 4) x 125 =9820 W
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T2 : Solution

(Ans: 1553.76 W)

Given: Height, L = 1.5, Width, W= 1 m, Plate temp, ., = 150°C, Surrounding temp,

t

=)

Average temp t,,

for p
v
G
So, G,
AsB= 27341, ]

Gr

C

Prandtl number, Pr = Pp
Ry

As given N, = 0.59 (R, )%2°

= 30°C,

= 90°C

= 0.946 kg/m®, k, = 0.0313 W/mK
= 2210 x 10°° m?/s,

= 1.009 kd/kg-K

_ gpat®
V2
9.81xmx 120x1.5°

(22.10x 107%)?

= 2.24095 x 100

=0.67395

= GrxPr =151x 10"

= 50.562 x 0.59 = 206.832

4.316 W/m2K

So rate of heat transfer from both the surfaces,

xQ!

= 2x hxAx(t,—t)=1553.76 W
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Heat Exchanger

) Detailed Explanation
of

Try Yourself Questions

"

T1 : Solution

(54.06°C)
Given: my = 7500kg/h, m, = 8000kg/h
t, = 15°C T, = 105°C
t, =7 T, =7
Here, Cowater = 4.182kJkg K, C,, = 1.001 kd/kg K

Can be taken.
As the case is of counter flow, thus

NTU = %’A - 8;38X20 = 1.304
(m p)min ( )(1 001)
3600
e = NTU =ﬂ=0566
1+NTU 2.304
(rncp)air(1 05— T)
Now, € = = (0.566
(MCy)ar(105-15)
105-T = 0.566 x 90
T = 54.06°C

vaw.madeeasypuincations.org MRDE ERSYH © Copyrighg




Condensation, Boiling and

Evaporation

"

Detailed Explanation
of

Try Yourself Questions

T1 : Solution

(i) 0.898 (ii) 60.73 m?
Mass balance: Let us denote flow rates of feed as F, vapour as V, concentrated product as P, steam as S,
mass fraction of solute as X.
Overall mass balance

F =
Balance on solute
F-Xe

P

v

Energy balance:
FHe+ Shg

Thus,
10x 80+ 2000S =
S =

Steam economy =

For area:

V+ P

P-X,
10x0.05
0.2

F-P
10-2.5 = 7.5 kg/S

= 2.5kg/S

VH,+ PH,

7.5x 2200 + 2.5 x 700

8.35 kg/S
V_T75 _ggo8
S 835
Shg
8.35 x 2000 = 16700 kJ/sec
= U-A-(AT)
16700 x 1000

_ 2
5000(380_325) ~ 20/
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12 Chemical Engineering e Heat Transfer MBDE ERSY

T2 : Solution

(1.256 (W/m?)

O[Bubbles]

Frequency Second

n - 12O(Nucleatlon sﬂe)

m2

A = 1000 kJ/kg, p, = 1 kg/m3
d, = 10°m

Heatflux = (120)(20) x 1 x g(1o-9)x1000><1ooo
1.256 (W/m2)

q
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