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(d)

Heat transfer effectiveness,

0 B Actual heat transfer rate
&= Qmax Maximum possible heat transfer rate
(d)
) b . Internal thermal resistance of a solid
() =
Biot number (Bi) Boundary layer thermal resistance
Bi Is
l =
ksolid

*  Grashof number (Gr)

Schmidt number, S.

Bouyancy force
Viscous force
¢B(Ty -T.)L
V2

Momentum diffusivity

Mass diffusivity
s = ¥
¢ D
(b)
7" = (T, —Tm>=—1<(d—T}
dy =0
(g, ) 20, L
dy L L
dTJ a
- = —(T,-T.)=~
(dy y=0 (T -T.)7
a
= hWT,-T) = Kfl(Tw -T..)
hL
K =M
hL
Nu = ?— 111
(a)
ATI? 250+ 30 1
Grashoff number, Gr = 8 > = =140°Cor 413 K; p = —
v f Tf
1 3
9.81 x(—j(250 -30)x2
~ 413
N (27.8x107%)?
= 0.054 x 102
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5. (b)
(i) "( : )(iJ Provided all €°
A net with 'n’ shields - n+l A without any shield [ rovided all € are Same]
1. 0
51 A without N n+1\A without
1 1
5 n+1
n = 4 shields
6 (c)
NTU 0.5
Ebalanced counter = 1+ NTU = 1+05 =0.33
7. (d)
. . ) Pk
Fin effectiveness for long fin; € = A

U
[

i = & X & X h_l X i

€ P K, h, A,
S _ [, 1

= e 1X2X§X1_1

8. (c)
Nu = 0.023 Re®8 Pr”
Where, n = 0.4 For heating of fluid
n = 0.3 For cooling of fluid
9. (c)

Given: T, = 27°C, D =120 mm, R = 60 mm = 0.060 m, K = 2 W/m2K, qq = 10000 W/ m?,
For a solid sphere with internal heat generation, the temperature at the centre is:

2 2
7y R +qg.R+T s R

T = - +T,
¢ 6K 3h 6K
2
_ 10000 % (0.060) 27 = 30°C
6x2
10. (a)
VD 1 2x0.04
Reynolds number, Re = 2= - 000 X_(z 040 =114285.7143

n (7x107)

Re > 2200

= Flow is turbulent.
Nusselt number for turbulent flow through pipe for heating of fluid:

Nu = };{—D=0.023Re0'8Pr0'4

f
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hx0.040
= 0.6
= h =
11.  (b)

From summation rule,

0
/F{I-I—FH +hH; =

F12

From reciprocal theorem,
Ay

nmDXLXE, =
Fy =

12.  (b)
As per given data,

80°C =

20°C=

AT,

AT, =

(LMTD)parallel HE

13.  (b)

= 0.023 x (114285.7143)08 (4.9)04

7249.2167 W/m?K
7249.22 W/m?K

1

=1-F;,

1-3+242
2(-1++2)

= AF),

%xz(—nﬁ)

J2-1
2

Thi
\\ T,, = 50°C
/’ T, =40°C
Tci

80°C - 20°C = 60°C
50°C - 40°C = 10°C
AT, ATy _60°C-10°C _ o, -
n| AT
AT,

(5]
In| —
10

Air 20°C, 7 m/s

HHLN

L=3m
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14.

The flow is along 3 m side of the plate, and thus the characteristic length is L = 3 m. Both sides are

exposed to air flow,
A

2xwxL
= 2x2x3=12m?
For flat plates, drag force is equivalent to friction force.

_ pV?
Fo= AL
F 0.86
G = L = 0.00243

%pASVZ 1204125 x 7)*

From Reynolds Analogy,

Cr  0.00243
St‘><(Pr)2/3 = ?f= 5
St = h
pVe,
h = 0.00149 x 1.204 x 7 x 1007
= 12.64 W/m?K

(b)

Since fluid properties will be same at same temperature so Prandtl number will be same

Nu o (Re)”
Nu, (VLC )m V2LC2
Nu, (VLC )’" V. LCl
(25 12)
Nu, =
hqu _ thcz
K K
h,L
- - 1 C1=120X6=60W/m2°C
2 L, 12
Heat flux from the second airfoil
= 60 x (80 - 15)
= 3900 W/m?
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15.  (b)

Given:h=16,k=15P=2x (025 +1.25) =3 cm

A

= T

\%

0.25 x 1.25 cm?
3x100

[P _ [16 _3x100 _
kA V15 025x1.25

32x0.20=64
5(So can assume infinitely long fin)

= 25+ 70 ¢ 04

Temperature difference across the exposed surface
Ty- T, = 95-(25+70 %%

16.  (c)
Q
dar
dx
[
dx x=0
Q
17. (o)

Fin efficiency

mL

mL

70(1 - e64)

-M{ig
dx x=0

10x - 4

-4
-015x 3 x (-4) =18 W

tanhmL
mL

[P hI’P
kACS kACS

h? xmd _ |hL* 4

4

h—L><4><(£)= E><4d><4><(£)
k d k d
hr L
32 x| — =
X(ij(d)
32><(Bi)><(i)
d
V32x0.04x4 =2.262

www.madeeasy.in

© Copyright: MADE EASY



EIMADE ERSH m . HeatTransfer| 13

tanhmL  0.9785

n = = =0.4325
mL 2.262
= 43.25%
18.  (d)
1840 K
4
E | EE|,
9 —> z z z -em
© -+ —
[«) o (=)
1} 1} 1}
=~ =~ =~ | 340K
" 03m 02m 01m
T, -T,
77 3R,
~ 1840 — 340 sow
03 + 0.2 . 01
06x1 04x1 01x1
19. (b)

From Wien’s displacement law,
A, T = 2897.6 um-K
where, }\’m = wavelength at which Eb}h is maximum

2897.6
}\’m = W =743 um
20. (b)
r; =160 mm
r, =180 mm
olT# -T})A
1) = (7 -T)A, Watt
1-2/net 1 A 1
A
€& Al\&
A7
A, = 1,22 ; €,=€,=0.03
T, = (153 +273) K=120 K
T, = (27 +273)K=300 K
Ay = At
Substituting, (F10) et = —2.446 Watt

Rate of evaporation of liquid,
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1 in]/sec

0. = - x 3600
2 LH.in]J/kg

0.042 kg/hr
21.  (b)

2
T,=20°Ch=10W/m K

Conv.
T,=?

For steady state conditions,
The rate of conduction heat transfer between T, and T, = The rate of convection heat transfer
between T, and ambient

200-T, T, -20
= 1
n -
ln(rj 2nr,Lxh
2mkL
T, = 28.1936°C
22. (o)
T_=20°C
Ky Free conv. (Laminar)
~ T~
L T, AT, =160°C
AT,=10°C
AT =T, -T,
In laminar flow,
Nu o Grl/4
ATL?
Gr = i 5
v
= Nu o (AT)V/4
I\[u2 ( 10 )1/4
= Ny 160
1\V/4
= Nu2 = 48(%) =24

www.madeeasy.in © Copyright: MADE EASY
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23.  (b)

Thi - The

T, - 300

NTU

€ balanced counterflow

From equation (i),

€
Tce
24. (b)
If Re,_,
= Flow is laminar
= Nu,
Re
h

25.  (d)

T, =300 K

T, \
\

T,=280K

= 300K; T, = 280 K
= AT,=20K

= Tce - Tci

= T, -280

=T, +20

UA  20x20
(mc ) 0.4 x 1000
P Jsman

NTU__ 45
1+NTU

T-T,_ T.-280 _ .
T, -T, T.,+20-280

i G

= 300 K

< 5x10°

- hz" =0.332Rel/2 P!/
V. xp
u

o y1/2

When no radiation shield placed, heat flux:

9 =

o(r -1)

&)

For n radiation shields placed,

Tn

- (75
= )%

Initially there was only 1 radiation shield plate,

N

_(1)_4_0
“l1+1) 2
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when there are 2 radiation shields

1

% reduction in g

4 =

_ (_1 )_q_o
“l2+1) 3

D@ _2
3 3‘71

- 179 100=3333%

Uk
26. (a)
Given: T = 5°C, m1, =1kg/s, C.=42K]J/kgK, T,; = 80°C, iy, =2kg/s, C, = 4.2 k]/kgK,
U =250 W/m?K and A =25 m>.
C - (;Tlc)min — T.nmin =05
(mc)max max
UA 250 x 25
= — = =1.488
NTU (ri1c) i (1 x 4.2 103)
__—(1-C)NTU __—~(1-05)(1.488)
c - L¢ __1-¢ =0.688
1_ Ce-ONTU ~ 7 _ (0.5) o—(1-05)x1.488
27. (b)
Given: ;; = 100W/m?K, h, = 1000 W/m?K, F = 0.0004 m?*K/W.
1 1 1 1 1
— = —+—+F=—+——+0.0004
u h, h, 100 1000
U, = 87.719 W/m?K
After removing the dirt, F = 0
1 1.1
U, = 100 1000
= U, = 90.909 W/m?K
Qe U
u, -u, 90.909 - 87.719
% i i = —4—x100=——F——x100 = 3, %
% increase in Q u, 87719 3.6366%
28. (o)
4 3
—mR
v 3™ R D 0012
isti = —= =—=—=—2=0.002
Characteristic length, L. A 4Rl 36 5 m
hL, 200x(0.002
Biot number, Bi = —— =#= 0.01
k, 40
Bi < 0.1, so lumped system analysis is valid.
T-T. A
= = pve =
T -T. e 0.01
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| —~(200)¢
= n(0.01) = 9000 % (0.002) x (0.3x 10°)
= t = 124.3396s = 124s
29.  (d)
By reciprocity theorem:
AjFyy = Agky
A 300

By summation rule,
Fu+Fy+F; =1

0+01+F, =1 [ F,=0]
= F, =09
Also, Foy+F,+F, =1
0375+0+Fy, =1 [ Fy=0]
= F,, = 0.625
By reciprocity theorem:
A, 80
= = xFy;=—-x0.625=0.1
Fa A, P 500
A _ 300 _
F, = A_3 Fs= =00 x0.9=0.54
By summation rule:
Fyy+Ept+Fy =1
= Fyy = 1-F4-F;,=1-(0.54)-(0.1) =0.36
30. (d)
For parallel flow heat exchanger:
T, = 140°C
Hot fluid
Ty, = 100°C
T, =80°C
Cold fluid
T, =50°C
—— X
ar
For cold fluid: —>0
dx
ar
For hot fluid: —<0
dx
EEEN
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