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DETAILED EXPLANATIONS

1. (a)
UA 1000x5
= 4 = —=O5
€ = 1-exp(-NTU)
= 1-exp(-0.5) =0.39347
4. (b)
AT = 2898 umK
2898 2898
= —==c2
b =TT Tq00p - 28%mm
5 (a)
_ VPhKA(t, - ty)tanh(mi)
N = hPI(t, - 1)
c NPhKA(ty - t,)tanh(mi)
! hAC(tO - 2‘a)
. c - Pl _ Surface area
p= T Ac | Cross— section area
e = 07x|ZXX8 5oy
7T X1
4
6 (a)
Nu, = 0.035Re)8pr'/3
08
= X _ 0.035.(ﬂj pri®
k \%
= h, e x702
= h, = cx?0?2
L L
/—7 1/L J‘ hxdx 1/L J. Cxio'zdx
h = x=0 = x=0
x=L hX=L chO.Q
1/L|:X70.2+1 :|L
__ L Db
[°2[-0.2+1]
1 108 1 [98+02 1
= X—— = —X = - =
L 08x102 “ 08 L[ ~o08 "
7. (b)
As outlet temperature of cold fluid is more than outlet temperature of hot fluid, so it will be counterflow heat
exchanger.
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9. (b)
From energy balance, C, AT, = C_AT,
= C,(250-175) = C(170-30)
G = 0.5357 ~0.54
Ch
10. (b)
c ) 2
Prandtl number, Pr = “kp = 0004: 000 =8
5 P 1/3
— _ (P
- By, (P
y
= 8, = 5= 0.5 mm
11.  (a)
From energy balance of copper bar,
I°R = h(rdl)At
= I (1)
Now, from given relation
= h e JRe o<V ..(2)
where V is velocity of air.
From (1) and (2) we get,
= ] o< (V)1/4
VA
Now, = Il — =[x 314
%
= 100 x 3"* = 131.6 Amp.
12.  (d)
Q = thh(Tm —T/-Q)= mccc (TOZ _7—01)
Q = 0.02 x 1880(350 - 300) = 0.015 x 4175 x (T, — 280)
1880 = 0.015x 4175 x (T_,—280)
or T, = 310K
vmD = 20720 og g5k
lo 40
Oe 20
Q = UyA,(LMTD) = U,(ra,L) (LMTD)
L 1880 1.62
= = 640xmx0.02x28.85 ~ oM
13. (c)
Heat generated due to current flow,
= I°R
0.08
= 1000? =
X1OOOW/m 80 W/m
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14.

15.

Heat dissipated to surrounding,
= hAAt
= 156 x(n x0.01)(¢,,—40) W/m
where t is wire temperature.
Under steady condition,
= 80 = 15(nx0.01)(t,—40)
= t = 209.77°C

(b)

Given: u = 1.967 x 10° kg/ms, k = 0.02792 W/mK, Pr=0.713, m = 75 kg/hr

Reynolds number, Re = p_\/d:m_d
oo Au
4 75
4m 3600
= Re = = —
mdu  mx0.1x1.967x10
= Re = 13485

Flow is turbulent
Nu = 0.023[13485]%8(0.713)°4 = 40.44

Now, h = Nuxﬁ
d
= 40.44><—0'02792
0.1
= h = 11.290 W/m2 K

(c)
Given: 6, =60°C, m, = 10 kg/s, hfg =500 kJ/kg

Now, m,, hfg = UAQ,,

= m, hfg = U(rdyIxnxp)o

= 10 x 500 x 108 = 500[n x 0.025 x 5 x nx p] x 60

= nxp = 424.41

Let the mass flow rate of cold fluid in each pass and number of tubes in each pass be m_and nrespectively
T 2

= m, = {Zd xvxp}n
T 2

= 60 = ZX(O'O%) x3%x1000%xn

= n = 40.7
424.41

Number of passes = - 10.35 ~ 11
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16. (a)
1 3 2
1000 K | 200 K
Heat flow from plate 1 to sheet per unit Area,
= Qiz = (Fiso(Ty*=T5%)
1 1
Now Fg13 i = 3 =0.1765
—+——1 —+—-1
€, €4 06 02
= Q,; = 0.17656(1000% - 7,%)
Heat flow per unit area from sheet to plate 2,
= Q= (Fys 0(T34 _T;)
1 7”7
= ngz = =0.1 (€57 =0.1)
—+1-1
€3
LI P Y
1 10+1-1 10
—+1-1
0.1
= Q,, = 0.1 o[ 75 -200* ]

Equating equation (1) and (2) we get,
— 0.1765 0[10004 - Tg‘] = 0.1 GI:T34 —2004}
T.

4h
Kd

= , = 894K
17.  (b)
hP l hxmd
¢ \/KXTE
4
_ [Ax60 o5
30x0.02
0 t—t, coshm[l-x]
Now, o = =
0o to —t, coshmi
x = 0.03;/=0.1,t,=300K, t =400 K
t-300 cosh[20(0.1-0.03)]
= 400 - 300 cosh(20x0.1)
t—300 coshl.4
- ———=05717
= 100~ cosh2
= t = 357.17K
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18.

19.

20.

(c)

Heat lost with existing insulation,

=

2nki (t1 - tz)

p
loge 2
[’1

Heat lost with additional insulation

2nkl (t1 - tg)
r2 + X

loge

1]
5

l 2nki (f1 - fg)

02
Given Q,
27le[t1 - tz]
- o+ x
log, | -2
g‘{ f }
o+ x
- r
Given r
f
44+ x
- 3
= X
(b)
Resistance of wire, R
Heat generated, Q
Q
Q
/
(a)
Kk

The heat flow through the cylinder with radii r; and r, is given by,

O - 2mkilt, —t;) _ 271x0.08255x 2x 240

5 o
Ioge(,aJ
5

2

(ﬁj

6cm

=3cm

3+1=4cm
45

3)

8.64cm

0.1 Q per cm length
10 Q per m length
I°R

52 x 10 = 250 W/m

27'Ekl (t1 - tz)

r
log,| 2
m

2nx kx140

0.065(1 +15%x 107 (—SOO; 60))

0.08255 W/m-deg

250 =

=0.8514 W/m-K

n n n 20.5
r 12.5

503.268 W
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21.  (b)

Taking L

R

R

cony, 2

R

total

22.

Gr,

Ra,

.. The flow is turbulent

=

=

The rate of heat transfer

23. (a)

insulation

im
2nr,L =21 x0.025 x 1=0.157 m?
27tl’3L =21 x 0.0575%x 1=0.361m2

1 1

= =0.106°C
hA, ~ 60x0.157 M

In(r, / 1y) _In2.75/2.5) _ 1.8961 x 10-4C/W

2mk,L 2nx 80 x1

In(ry /r,) In(5.75/2.75) R
onk,L  2mx0.05x 1 = 2350w
LI ! = 0.154°C/W

hA;  18x0.361

2.61°C/W

Ti-T., 320-5
- =gy = 12069W

total

B, -T.) ;3 _ 981x3x 1074(60 - 20)x (0.2)°
ve (0.658x1070)?

21.75x 108

Gr,.Pr=21.75x 108 x 4.34

9.44 x 10°

0.1(GrPn's

Of%xowo X (9.44 x 10%)"3

663.62 W/m2K
hA(T, - T.) = 663.62 x 0.2 x 0.2(60 — 20) x 2
2123.58 W = 2.123 kW

Lumped parameter solution for transient conduction.

Now,

Nowy,

1260 -830
1260-90

exp| -2 ¢
pVe

onr(r+1)  2(r+1) 2x[5+25] »
= = 505 =0.48cm

nrl il

K h A
pC k™ V =

100
(0.45 x 1078) x 2—5><(0.48><1OO) =8.64 x 107

= exp[-8.64 x 101]
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864x1041] = ==, 7009
= expl8.64x1071] = 550830 =2
= 8.64x 101 = log,[2.7209]
= T = 1158.53 s
Required i ocity, v = amacelength S os 108 s = 4.32 mimy
equired ingot velocity, V = Time = 115853 -+ X m/s = 4.32 mm/s
24. (c)
For constant heat flux is
9 _ _k1(T2‘T1)=_k2(T3‘T2)
A 3, 3,
here 8 = b 8,=2b
and K, = Kk, k, =2k
T-327) (27-T)
—k(— - o)
- b 2b
= 2T = 354°C
T = 177C
25. (b)

Temperature distribution for the above condition is given by
TO - T X 2
To =T - [Z}

200-T (O.Sjg

Putting values

1

150
7 T=162.5°C

= 200-50

200—-T

26. (a)
e |ndropwise condensation rate of heat transfer is higher as compared to film wise condensation.
¢ Infilm condensation the liquid condensate wets the solid surface, spreads out and forms continuous
film over the entire surface. So in this rate of heat transfer is less than that in dropwise condensation.

27. (b)
Cps = Cr=myxc, =2x125=25kJK
Couter = Co=15x4=6kJK
ot _ Com[800-Toe)
= ecliveness = Cmin (300_40) =U.
= T = 144C
28. (a)

e Snow behaves as a black body. So its absorptivity will be high. Absorptivity of snow is around 0.985.
e The absorptivity of grey surface in necessarily below unity, but it remains constant over the entire range
of temperature and wavelength of incident radiation.
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30. (a)

34.92°

20°

Given heat exchanger is a condenser,
Cin = C,

min
C. [t.,—t
Effectiveness = c M

Cmin [th1 - tc1]

- fcz‘tm [C . =C]
tfﬂ _tc1
_ 35.95-20 05317
50-20
Effectiveness of condenser.
€ = 1-exp[-NTU] (Since C=0)
0.5317 = 1-exp[-NTU]
exp[-NTU] = 1-0.5317 =0.4683
-NTU = log, 0.4683 = -0.7586
NTU = 0.7586

LI
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