Convection Conduction

MECHANICAL ENGINEERING

HEAT TRANSFER

Volume-1 : Study Material with Classroom Practice Questions



Heat Transfer

Solutions for Volume - I _ Classroom Practice Questions

)
Chapter- 1 Tsy $
Conduction R § R,
[0] T52
01. Ans: (b) Li=0.0lm L,=0.01m
Sol: Given data: Thermal circuit:
Tsi = 600°C; Tso = 20°C; Tq, Tey Te, T,
ka =20 W/mK; ke =50 W/mK; —AMWWN—0—"AW—0—WW\—0
R Rcontact R
Lr=030m Ls=0.15m; : ’
Lc=0.15m, h =25 W/m’K L 0.0l m’K
Rl = R2 = = —
k 166 W
Thermal circuit: o= AT 100
1= =
T Tsi TSO 2’]il + Rconstant 2|:001:| + 15 X 10—4
—W—o—AWV——WWNV—0—WW\—o0
L L
1 ol Ly e q = 36971.046
h k, kg k¢
= M
Energy balance: R ontact
Convective heat transfer at the wall surface Tci — Ter =55.45°C
= conductive heat transfer through the wall
T,-T,  T,-T, 03. Ans: (¢)
1 La + Lo + Le Sol: Given data:
h ky, ky k¢ T, =5°C, T, =25°C,
800600 _ 600 —20 k=10 WmK, Reontace = 0.01 mK/W
1 0.30 0.15 0.15
— + +
25 20 kg 50
= kB =1.53 W/mK
Heater
T
02. Ans: (a) : T,
Sol: Given data: ——— in o
r, =25 mm
L =L,=001: — » i
=75 mm Heater
ki=k,=16.6 WmK
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Y z‘:Englngn?PEu“bhmuons 1 2: ME - GATE _ Vol - I _ Solutions

q = T, -T, 05. Ans: (485 K)
" Rcontact + Rcond Sol: Given data:
25-5 Volumetric heat generation rate
= =727.67W/m 3
Zn( 75j e = 0.3 MW/m
0.01+ 2/ k =25 W/mK; T, =92°C;
2mx10x1 h, = 500 W/m?K
_T,-T,
out 1
hOAO
- 25;10 ~1649.33W /m
L=0.1 m
100x2mx0.075x1
Heater Power = Total Heat Loss Energy balance:
— qin + qout — 2377 W/m Qin + Qgen - Qout = Qstored
Qgen = Qout
04. Ans: (d) qeA'L =hA'(Ts — T)
Sol: Given data: rm=0.075 m 0.3 x 10° x 0.1 = 500 x(Ts — 92)
T, =100°C, T, =45°C = Ts =152°C
2
. 9
max S
2k
(g = heat generation per unit volume)
LZ
Tmax L TS + qg
2k
T —qsy, 03%10° x (0.1)
max 2 x 25
= 0075m Tonax = 212°C = 485 K
1 1 06. Ans: (b)
T.-T_5 1, Sol: Given data:
T,-T, 1 1 _ 6 3 TR
—— qe =2.6 x 10° W/m Patatetetetede
oo BESED
o k—aswime  {EEE
LI T. = 0°C REELELEP T,
T, =100 _ 0.05 0.075 ” s
45-100 1 1 h=1200 W/m*C D=-03m
0.05 0.1
Tm=63.3°C
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:E :‘:Enginegn(g:lgubhmuons Heat Transfer
Temperature difference between center line T, +T, 500+350 4259C
and surface of the sphere e 2

q.R? kr =ko[1 + BT]
_T. =4
max S 6k an =k [1 + B Tavg]
q,R’ Kavg = 25[1+(8.7x10*)x425]
Tmax = TS + >
ok Kave = 34.24 W/mK
6 ? T,-T
_ log33. 26%10 x(0.15) 1L >
6x45 Q=
k. .A
Tmax = 325°C g
500-350
0.15 3
. o =30.816x10" =
Energy balance: 34.24x1.5%0.6
Qin + Qgen_ Qout = Qstored Q =30.816 kW
Qgen Qout
q, 4RO = h4nR*(T, - T,) 08. Ans: (c)
3
Sol:
%R T,
S " 3h - 0TIz,
R e
TS — TOO + qg_ <T>
3h < >
X
2.6x10°x0.15 : F
T=0+ 3%1200 Given data:
Ts=108.33°C T, =400 K, T, =600 K
D =ax, a=0.25
07. Ans: (b) X1 = 0.05m, X2 =0.25m
SOl: A — EDZ — EaZXZ
N 7=
T - _kAd_T
H Q =
v | 0=k T, ,dT
L=0.15m dx
Given data: d—),j — sza dT
=500 K, H=15m
T, =350 K, W=0.6m Qfd_);— nka’ IdT
L=0.15m X
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ME - GATE _ Vol - I _ Solutions

_ —mx3.46x(0.25) (600 - 400)
4{1 _1}
0.05 0.25

Q =-2.12 W (- sign indicates the direction

of heat transfer)

09. Ans: (d)
Sol: Given data:
Thermal  conductivity of  insulation

(kin) = 0.5 W/mK
Heat transfer coefficient of surrounding air
(ho) =20 W/m’K
Thickness of insulation for maximum heat

k,
transfer =r, —r=—"—r

[}

= O—'(;S—O.Ol =15mm

10. Ans: (a)
Sol: Given data:
Thermal  conductivity  of  insulation

(kin) = 0.1 W/mK
Heat transfer coefficient of surrounding air
(ho) = 10 W/m’K
Radius (r) = 1.5 cm,

k

in

Critical radius of insulation (r.) =

0

11.

Sol:

:E=0.Olmzlcm
10

r>re

Adding the insulation will always reduce the

heat transfer rate.

Ans: (¢)

Given data:

Radius (r) = 1 mm,
Thermal insulation
(kin) =0.175 W/mK

Heat transfer coefficient of surrounding air
(h) = 125 W/m’K

Thickness = 0.2 mm = rpey—T

conductivity  of

Tnew = 1.2 mm

in

h

o

Critical radius of insulation (r,)=

=M=1.4mm
125

I‘I‘leW < rC

. Addition of further insulation, heat transfer

12.

Sol:

rate increases first then decreases.

Ans: (b)
Given data:
Thermal insulation
(kin) = 0.4 W/mK

Heat transfer coefficient of surrounding air
(hy) = 10 W/m’K

Critical

conductivity  of

insulation for the

sphere(r, )= 211(“1 = 2X1%04 =

(4]

radius of

g mm

Critical diameter (d;) = 2r, = 16 mm
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:f.; ;‘:Enginet;‘}n(gzl’Eublimﬁons I Heat Transfer
13. Ans: (b)
Sol: ' 14. Ans: (c)
! Sol: Given data:
|
% AV=10V, p=70x10"m,
T,=20°C s B }
: D=32x10"m, r=1.6x10"m,
q TS
: T, = 93°C, T =22.5 W/mK,
2L=100 mm L=03m
Resistance
Volumetric heat generation rate oL 70x107 x (0_3)
_ 3 R)=L== =0.02611Q
(q¢) = 1000 W/m A P ;
, « T(32x107)
Ty=a(l"-x")+b 4
Tx 0,05 = 10 (10.05°— 0.05%) + 30
o0s= 10.( ) =AY 10 e 97Amp
Ts=30°C R 0.02511
Tw =20°C Qg =AVI=10 x 383.97
=3829.75 W
%T —a(0-2x) h .
Qe= —+—=1.587x10°W/m’
0T 5 210 BB volume
o> =" A Temperature difference between center line
1-D heat conduction equation with internal and surface of the cylindrical wire
heat generation: R?
8 T T, =2 _|3814°C
oT 9y _10T 4k
ox> k oot
-20+ 1000 =0 (for steadystate,i;T = 0)
1000 _ 10
k
k=50 W/mK

Energy balance:
kS -t
aX x=+0.05m

—50[a x (= 2x)]._y0s = h[30 - 20]
—50[10 (2 x 0.05)] =h x 10
= h=5 W/m°’K
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}Enﬁnﬁgg‘bhmm ME - GATE _ Vol - I _ Solutions
—ht
e’ =1-0.99=0.01
Chapter - 2 ~ht m(0.01)
Transient Heat Conduction cL e
pe,L.
c L
t =% 4 (0.01)
01. Ans: (b)
Sol: Given data: = t=38.54 sec
D=1.2cm, R=0.6 cm,
T, = 900°C, T.. = 30°C, 03. Ans: (d)
h =125 W/m™C, cp = 480 J/kg Sol: L2
L. :5:0.20m, T = 850°C,
3 H
Bi= hL, <0.1
k >
) W
Lumped method can be applied.
Given data:
fﬂ{ - } o T,=25°C; T..= 600°C
T0 - Toc pCch ° ’ *
act = 0.75 Qmax
= t=3.67 sec R b HQWL Y 005
=—=——=—=—-=0.025
A, 2HU 2 2
02. Ans: (¢)

Sol: Given data:
p = 8500 kg/m’, c, =320 J/kgK
h=65Wm’K, k=35W/mK
d=12mm
T,-T
T -T

[ 00

=0.99

Bi= hL, <0.1
k

Lumped method can be applied.

—ht

T=T e

T,-T,
—ht
0.99 =1—¢""

m [T—T,]=0.75[m, (T, - T,)]
T —25=0.75 (600-25)

= T =456.25°C

hL, 100x0.025

Bi= <0.1
k 231

Bi= hL, <0.1
k

Lumped method can be applied.
T-T, —ht

/n =
To - Too pCch

= t=967.34 sec
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@ Engineering Publications Heat Transfer
04. Ans: (b) T —30 -10
. . . ——=e" ... 2
Sol: According to lumped capacity analysis: 430-30 © @
, i T—Tw} —t T =30 + 400 x ¢ 748!
n =—
[ L-TL.] = = T=350°C
T,+T, .
/nl —2 Tzt 06. Ans: 12.05 K/min
T, -T, T Sol: Given data:
] D=0.05m; T,=900°C, T, =30°C
. (T0+Tm) L |_ -t m
L2 JT,-T,| = R=
1) -t 4
In| — |=— m=pV=p—nR
zj . PYP3
m(2)="1 = 7800><§>< 1(0.025) =0.510kg
T

= t=1*/n(2)

05. Ans: (¢)
Sol: Given data:
m =500 g=0.5 kg;
T,=530°C; T=430°C; T,=30°C

According to lumped capacity analysis

" T—Tw}—t

T,-T,| t*
| B0=30)_—100 (1)
| 530-30 T*
400 -10
In——=
500 t*
= t*=44381s
Temperature after next 10 s,
T,=430°C; t=10sec;

T-T,6 | -t
/n =—
T-T,| t*

Energy balance:
Decrease in internal energy = Convective
heat transfer from the surface
= mcd—T =hA (T, -T,)
dt

dT

0.510x2000x—-=30x 47(0.025) x (900 - 30)

07.

Sol:

d—T:0.2K/sec
dt

d—T =12.05K/min
dt

Ans: (¢)

Given data:

T, =350°C,

T, =30°C,
T=100°C
cp,=900 J/kg K,
p = 2700 kg/m’,
k=205 W/mK,
h =60 W/m’K
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ME - GATE _ Vol - I _ Solutions

m= pV:pxgnR3

L.= % =0.02698m

R =0.0809 m

_hL

Bi < <0.1
k

Lumped method can be applied.

_T—Tw} —ht

/n =
'T,-T,

pCpLC

/n

[100-30] ~60xt
1350-30] 2700x900x0.02698

= t=1660 sec

01.

Sol:

)
Chapter - 3
Extended Surfaces - FINS
Ans: (a)
Given that:
D=0.01 m, h=10 W/m’K,
T,=25°C,
k=379 W/mK, T, = 650°C
[ [4D=0.01m
T,= 650°C T,=25°C
For very long fin:
o 4h
o =kAmO, =k—D’x [— x(T, - T
QFln c 0 4 kD ( o 00)

Y 2 4x10
—379x T (0.01) x| —10 (65025
Qi OO & o )

02.

Sol:

Qrin = 60.43
Power in put = 2Qgi, = 120.9 W

Ans: (a)

Given data:

k =237 W/mK, h =12 w/m’K,
d =4 mm, L=10cm,

mL = 4h L
\ kd
_ 2 o1=071156
237x4x10

Qinﬁnite — Qinsulated

insulated
_kA.mO, —kA m0O, tanh(mL)
- kA m6, tanh(mL)

% error =
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“@M> Engineering Publications Heat Transfer
% error = l—tan—h(mL) % increasein Heat Transfer = QQ-Q
tanh h(mL) I
L i_6348% Q2
tanh(mL) Q
=5.1962 -1
03. Ans: (¢) =4.19~420 %
Sol: Given data:
D=5 mm, L=50mm, mn=0.65 05. Ans: (¢)
E_ Qrin % Qunax Sol: Given data:
N Quinoursin  Qrin kx =70 W/mK
E — Qmax XA = 015 m, XB — 0075 m
M Quinouin Temperature variation for long fin:
_hA(T,-T)) T _T
hA,(T,-T,) &N

Surface area (Ag) = DL
Cross-sectional area (A.) = %Dz

€ nDL
n_TE

e _ 4@)
0.65 5
= e=26

04. Ans: 420%

Sol: Heat transfer rate for very long fin:
Q =kA.m6,

= /hpkA, 6, :\/hanxkx%D2 0,

Qx D2
D.¥> (D.V?>
%: ((DZ))3/2 - ((D l)2/2 =3.1962
1 1 1

T-T,
m— |Ph_ [4h
kA, kD
m oc \/% (for the same diameter and same

environment)

For the same temperatures

maXa = M XB

Xp_my _ Ky
X m, k,
kg [ Xp ’
()

k

= kg=17.5 W/mK

| ACE Engineering Publications yderabad | Delhi | Bhopal | Pune | Bhubaneswar| Lucknow | Paina | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally| Kolkata




06.

Sol:

07.

Sol:

Engingn?PEu;‘bhmuons :10: ME - GATE _ Vol - I _ Solutions
Ans: (d) L=0.05m, T, =65°C,
h =50 W/m’K, T, = 98°C
a
mL= [0y _ \/ﬂ x0.05 =1.2909
kD 30x0.01
Given data: Temperature variation for insulated fin tip
a=5x10"m=5mm, T-T, cosh(mL—X)
T, =400°C, T = 50°C, T -T, coshmL
k =54 W/mK, x=L, T=TL
L=0.08m, h=90WmK, T -T, 1
P 3 T, -T, cosh mL
A, " a —
c \/7212 A\ P
4 cosh(mL)
cosh(1.29)
TL = 81.87°C
M _ 4805
54x5x10
mL = 3.844 08. Ans: (b)
h
Sol: —x<1
=0.08+—— k
4[ -
-3 . <1
=0.08+5X10 ph
43 X
=0.08072 m
hA
Heat transfer rate from the fin: _kc <1
p
Qrin = kAcmB,tanh(mL,)
pk
—>1
= 54x (gx o.ooszJ x 48.05 x (400 — 50) hA,
x tanh(48.05 x 0.08072) Effectiveness (€) > 1
Qrn = 9.82 W Using the fin will in‘crease the heat transfe.r
rate because effectiveness of the fin is
Ans: (¢) greater than unity.
Given data:
k=30 W/mK, D=0.01 m,
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Heat Transfer

09. Ans: (a)
Sol: Given data:

k =200 W/m°C, h=15 W/m*°C, L=1cm

Cross-sectional area of fin (A,)
=0.5x 0.5 mm’

T,=80°C, Te=40°C

m= | Ph
kAC

_\/ 4x0.0005x15

=24.49
200x0.0005 % 0.0005

mL =24.49 x 0.01 = 0.2449
tanh(mL) = 0.240

Heat transfer rate from fin with insulated tip

Qrin = kAc:m0, tanh(mL)

=200x(0.5%107)*x 24.5%(80-40)x0.240

Qrin=0.01176

No.of fin = Qo = y =85
Q.. 001176

10. Ans: 191.5 W/mK
Sol: Given data:

Tx =150°C,
Tx+15em = 95°C,
T, =30°C

D =25 mm,

h =20 W/m*C

T,=30°C

*150°C *95°C

—>
7’ 15 cm

Temperature variation for long fin

o g mX
T,-T,
150-30
= " 1
T —30 W)
95-30 — —m(x+15) (2)
T —30 © v

From equation (1) and (2) we get
In 1% = mAX
95-30

/n T\ ﬂxo.ls
95-30 | VDk

= k=191.5 WmK
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a 02. Ans: (d)
Chapter - 4 Sol: Given data:
Convection Pr=0.7, T, =400 K
, T,=300K,  —==5000/m
01. Ans: 40 W/m'K v
Sol T, =300 K k=0.263 W/mK
T,=400 K T, = 400 K T—T [—Pruj
u_Lﬁ 1 ) |§ S=]-c
T, -T
L2 =5m (_P u]

Given that: T=Ts+ (To—Ty) {1 -e ]

Vi =100 nvs,

V, =20 m/s, 4T (1. ~T)o- e[%%j (_ Pru—‘”j

qi = 20,000 W/m® dy v

Heat transfer from object (1) = h; (Ts — Tx) JT

uOO
20000 = h; (400 — 300) ol T (T, -T.)N- 1)(— Pr 7)
hy =200 W/m’K 0
Reynold’s number for object (1) =(T,-T. )(Pr u_ooj
re - ViL, _100x1 _100 Y
€= v Qv u Heat transfer rate = Heat conduction just
1 1 1

Reynold’s number for object (2) adjacent on the surface (i.e. at y = 0)

T
Re, = VaLa _ 20x5 100 o= 1
v, v, v, Yly=o
Since, v | = v, (for the same fluid) q=- k(Tw - TS{Pr u—wj
\Y
R61 = Rez

q=0.0263 (300 —400) [0.7 x 5000]
" Prandtl number is the property of the fluid.

q= 9205 W/m’
PI‘1 = PI'2
Nusselt number (Nu) = f [Re.Pr] 03. Ans: (¢)
Nu; = Nu, Sol: Given data:
hL, h,L, ugy) = Ay + By’ —cy’
k, k, Tiy =D+ Ey + Fy* — Gy’
h, L, d—u:A+2By—3cy2
h, L, dy
du
h2:h1 h_200><1—40W/m d_ =A
L, 5 Ylyeo
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@ Engineering Publications Heat Transfer
According to Newton’s law of viscosity: cp = 4181 J/kg K.
du
Wall shear stress (rs ) = Md_y T.— 100°C T,= 100
y=0 0,=25°C
A - /
Skin friction coefficient (cf) = %
1 pu’ T,=25°C
2 0
- ZHZA LMTD = 6, -0, _5 _7§5 =45.51°C
pu, /n & fn(j
0, 25
com 2vA vl
f u? T Heat transfer rate =h x A x LMTD
For the temperature profile: mc, (T, =T,)=6916x1x0.04 x L x 45.51
d_T:E+2Fy_3Gy2 2 x 4181 x (75 —25) =39554 L
dy = L=~10.6m
a g
dy| _, 05. Ans: (b)
Energy balance: Sol: Given data:
Conduction heat transfer in the fluid D =30 mm, T, =20°C,
adjacent to the wall (i.e. at y = 0) = h=11 Wm’K, L=1m,
convective heat transfer inside the fluid. I,=C
T,=20°
4 _proT) i\ Tows ™ DO % h=11 W/m’K
dy ” S 0
= Tavg Too
dT
- ki Rl‘ Rl RO
dyl, —kE . .
= = For laminar fully developed with constant
T-T, T -T, ..
wall temperature condition:
__KE Nu =3.66
T,-D
hD _ 3.66
(Ts = D, from the temperature profile) kO
h=3.66 k/D
04. Ans: (b) 0.133 )
Sol: Given data: h= 3.66 % W = 1622W/m K
S = =50 T —-T -
th=2kg/s, D=0.04m, T;=25°C, q=—n = 020 g0 3w
— &0 — o — 2 T - - =
T,=75°C, T,=100°C, h=6916 W/mK, o h 1622 11

1 o
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06. Ans: (©) .. Grashoff number, (Gr)= gBA—;FLi

Sol: In constant wall temperature condition, %
mean temperature of the fluid continuously 9.81x0.70x10~ x 65 x (0.1)3
changes in the direction of fluid flow. The Gr= (288><10‘6)Z
temperature difference between surface Gr = 5381.401

temperature and mean fluid temperature
decreases in the direction of flow.
Therefore, mean temperature difference is
considered as log mean temperature
difference in calculation.

For the temperature profile, refer to the

diagram in Solution of Q. No. 04

07. Ans: (b)

Sol: Nusselt number (Nu) = 4.36 for laminar
flow through tubes with constant heat flux
condition.

Nusselt number (Nu) = 3.36 for laminar
flow through tubes with constant wall
temperature condition.

For the same tube and fluid,

hconstant heat flux = hconstant wall temperature

08. Ans: (d)
Sol: Given data:
Pr = 3400, k=0.145 W/mK,

v=288x10° mzsec,

a=0.847 x 107 mz/s,

B=0.7x 107K, T, = 70°C,
T, =5°C, D=0.4m.
As e
Characteristic length (LC) ==2-4
P nD
D0 oim
4 4

Ra = Gr.Pr=5381.401 x 3400

=18.29 x 10°
_hL, 3
Nusselt number (Nu)= =0.15(Ra)
x0T 156820 x100)
0.145

h=57312W/m’K
Heat transfer rate, (Q) = hA (T—Tx)

Q= 57.312><§(o.4)2 x(70-5)

Q=468.13 W

09. Ans: 12.70 W/m’K

Sol: Given data:
p=1.204 kg/m’,
Pr=10.7309, Fp=0.86 N,
T, =20°C, Uep =7 m/s
Area (A)=2[2 x3]=12m’

ﬂ

¢, = 1007 J/kg K,

3m

=
TTA

Skin friction coefficient (cf) = I 5
—pAu’
2 At
- 2F, 2x0.86 — 2 43x10°

Apul  12x1204x7°
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10.

Sol:

}Engineeﬁng Publications 115 Heat Transfer
According to Reynold’s — Colburn analogy: 11. Ans: (a)
St.pr2? =&t Sol: Given data:

2 s L=3m,

$(0.7309)* = 243107 he= 0.7+ 13.6 x — 3.4%°

" Average heat transfer coefficient
St = =1.5x10 —\ 17
puoocp (h)— f.[hxdx

h=12.70 W/m°’K

Ans: (¢)
The variation of heat transfer coefficient (h)
in the direction of fluid flow over a flat

plate is shown in figure below.

Jx

As, h o

v

From the figure h; > h, > h;
According to Newton’s law of cooling,
Heat flux (q) = hAt
qoch
qi=> > q3
The maximum local heat flux = q;

(i.e. at x =x7)

3
Hz%f(0.7+13.6x—3.4x2)dx
2 3P
H=1[0'7X+13.6x 34x }
3 2 3,
2 3
H=1{0-7(3)+13.6(3) 3.4(3) }
3 2 3
2
H:0.7+13'6X3—3'4X3
2 3
h=10.9W/m’K

Heat transfer coefficientat x =L =3 m
hy—r-3=0.7+13.6(3)-3.4(3)°
hy -1 = 10.9 W/m’K
h 10.9
h_ .. 109

1
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:E z‘:Enginﬁn?PEu“bhmuons :16: ME - GATE _ Vol - I _ Solutions
03. Ans: 792.16 K
a Sol: Given data:
Chapter - 5 d=005m, k=15W/mK
LLEDIELD) D=0.06m, q,=20x 10’ W/m’
T,=773K, €1=¢€,=0.2
01. Ans: (¢)
Sol:
) b
0 h | |
» ik
A >
v ' D !
e 4 )
[ D g
Total heat generated
AFp=AF; &Fpp=1 T,
(Q,)=g,~d’L =12.57L
Fo = A g
Ay o). Ao(T! - T!)
T T2 ® 1 (D)1
4 44 =l B
21_(TEXDX£):TEXD D? p < D, \ &
2 AP 15 s mLxo(T! = 773')
e ) o
. VD2 +4h?  DVD? +4h? : '
— = 4 4
2 15 0:05xo(T ~773')
1 [soj[ 1 j
— [ -1
02. Ans: (a) 0.2 \60)\0.2
Sol: Given data: = T;=792.16 K
€1=0.5, €,=0.9,
T, =600K, T, =400 K 04. Ans: (¢)
Net heat exchange between two long Sol: D;=0.8m, D,=12m, €,=¢,=0.05,
parallel plates, Ti=95K, T,=280K,
Q ol -1 hg, =2.13 x 10° J/kg
AL T
g, + &, Net heat transfer,
8 4 4 . A G(T4 — T4)
_ 5.67x10°(600° =400%) o o Q= iih, = Ao~ T,
1 1 1 (D(1
—t—1 — | —=1
0.5 09 e \D,)\s
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Heat Transfer

(0.8 x5.67x10* x (95 —280")
1 (O.8J2(1 )
|| ]
0.05 (1.2)0.05

. =1.1913x10"kg/s = 0.4108kg /hr

—mx2.13x10° =

05. Ans: (d)
Sol: Given data:

€1 = €= 08,
Quwithout shield = 10 Quwith shield
o(T - T})
1 2N (N+1)
Qwithshield _ € & S8
Q ithout shield G(T14 - Tz4 )
1 1
ahy <
El e2
1.1
Q yith shietd _ g &
Quinoutshiers L + a + 2N (N 4 1)
E1 €2 Gs
05 05!
10==7"977
——+==-2
0.8 0.8 ¢
(Number of shield (N) = 1)
es=0.138

06. Ans: (¢)
Sol: Given data:

G=300W/m?, =04, o=03
N
— <—( \
— J/

O(C}IAxprojected = EEbA

0.3><300><%D2 =0.04xoxT*x nD?

0.3><300><%(1)2 =0.04x5.67x107 x T* x (1)’

= T=315.6 K

07. Ans: (¢)
Sol: Given data:
L=15x10"m, Rsuyn=7x10°m,

|<—> K

e J

R i

Energy balance:

Eb X ASUN =G x AHemisphere
oTg, x4nR* =G x 4nl’

) LY G
TSUN: E g

Tsun = 5802.634 = 5800 K

08. Ans: (a)
Sol: Given data:

J=5000 W/m?, T, =350 K,
T.=300 K, h =40 W/m’K,
a=04
qconv
G J
G J
qconv
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2‘:':: :E:Engmgn?%bhmuons :18: ME - GATE _ Vol - I _ Solutions
Convective heat transfer (qeony) = h(Ts — Ta)
=40 (350 - 300) Ans: (a)
=2000 W/m’
Energy balance: Ty =-30°C, )
Qu +Quer = Qo = Qo oasee 1 gl R
Qin—Qout =0 (Qstored = 0 and Qgen = 0) —
2G — [2J + 2 Qeoms] = 0 - p=30em
2G —[2 x 5000 + 2 x 2000] =0 [ T00m d
G = 7000 W/m’
Leaving energy (J) = pG + E +1G
I=(p+1)G+E Power required by resistance heater = Heat
J=(1-a)G+E loss by convection from the surface + Heat
J=(1-0.40) x 7000 + €Ey loss by radiation from surface
5000 = 0.6x7000 + € x5.67 x 10°*x(350)* P=hA (T, — T,) + €0 A (T — Tgy")
= e =0.940 =436xnt x D x L (25-0) + 0.8 x 5.67 x
10% x © x D x L (298* — 243"
09. Ans: (d) =4.36xm x 0.3 x 100 (25 — 0) + 0.8 x 5.67
Sol: Black body emission does not depend on x 10 x 7 x 0.3 x 100 (298" — 243%
the size of the object. —20080.64 W
P =29.08 kW
10. Ans: (b)
Sol: Given data: Note: Correct answer is option (a).
Ty =533 K,
T = 1066 K,
e=0.5,
h=114W/m’K

Energy balance:

Heat transfer by convection = Heat transfer

by radiation
Jconv = (rad
h(T,, —T,)=eol(T! -T)
114(Tai: — 1066) = 0.5x5.67x10 (1066 — 533%)
= Tar = 1367 K
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Heat Transfer

(@)
Chapter - 6
Heat Exchangers
01. Ans: (d)
Sol: Given that:
Th = 70°C, Te1 =30°C
Thy =40°C, T =50°C
ATl = Thl — Tcz =20
AT2 = Th2 — Tcl = 10
Ty
Ty
Tcz
cl
|
Log Mean Temperature Difference
(LMTD)= AL AL 20710 4 40oc

/n AT, EH(ZOJ
AT, 10

02. Ans: (¢)
Sol:
Thi
Tho
TCZ
Tcl
LMTD =20°C, T. =20°C, Tu =100°C
m, =2m, ch = 2¢,

C, =m,c, =2m,c,

C,=mc, =2mc,

When C = %= 1, Temperature profile

max

will be linear for the counter flow heat

03.

Sol:

exchanger and the mean temperature
difference between hot fluid and cold fluid
will be same at every section.
LMTD = AT, = AT,
LMTD =AT; =Tp — Te2
20=100—Tg

Te, =100 —-20=80°C

Ans: 0.9

This is the counter flow type of heat
exchanger because exit temperature of cold
fluid is greater than that of hot fluid.

Thi — Th2 =200 — 110 = 90°C

Teo — Ter = 125 -100 =25°C

Thy
TCZ \\'T
cl

Energy balance:

Heat released by hot fluid = heat received
by cold fluid

m; ¢, (Tm -T,,)=m.c, (Tcz - Tcl)

m,c, x90=m_c_ x25

From the above equation m_c, >m,c,

Effectiveness (e): Qu = m,c, (Thl - Thz)

max 1,hhch(rrhl - TC]
— Thl B Th2 _ 90
T, -T, 200-100
_20 _
100
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EED@QD?P%MW ME - GATE _ Vol - I _ Solutions
04. Ans: (¢) Log Mean Temperature Difference (LMTD)
Sol: Given data: _ AT, —AT, _54-47 _ 50.149°C

m, =3.5kg/s,  Tn =80°C,

0s.
Sol:

ce=4180J/kg°C, U; =250 W/m*°C
cn = 2560 J/kg°C, Ty =40°C,
Te = 20°C, Ter = 55°C

Th
Te \‘\T
cl

AT1 = Thl — Tc2 = 25
ATy =Tp — T =20°
Log

Mean Difference

AT —AT, 25-20
/n AT, fn(zs]
AT, 20

Heat transfer rate
(Q) = mhch(Thl = Th2)= U; xA; xLMTD

Temperature

(LMTD)= =22.40°C

35 x 2560 (80-40) = 250 x A;x 22.4

Ai=64m’

Ans: (a)

Tu——— T

/TCZ

Tcl
Given data:
Th = Thy =75°C, m, =2.7kg/s
T =21°C, Ter =28°C,
A=24m’ hg, = 255.7 kl/kg

ATl = Thl — Tcl = 54°C
ATy =Ty — T =47°C

06.

Sol:

/n AT, EH(SZ‘)
AT, 47

Heat transfer rate
(Q)=rh, xh, =UxAxLMTD

2.7 %2557 %x10°=U x 24 x 50.419
= U =571 W/m*°C

Ans: (¢)
Th1 = ISOOC, Tcl =25°C
Ty = 80°C, T =60°C

Th
1 \ Th2

/ TCz
T01

ATl ' Thl_Tcl =125
ATz = Thz 4 Tcz =20
AT, —AT, 125-20

AT, 20

Energy balance:

LMTD = =57.29°C

Heat released by hot fluid = heat received
by cold fluid

m,c, (T, - T,,)=m.c (T, - T,)
i, ¢, (150 — 80) = rh ¢, (60 — 25)
m,c, x 70 =m.c, x35

From the above equation

m., >m,c, = Cpin = myc,
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07.

Sol:

Tcl

Energy balance:
Heat released by hot fluid = heat received
by cold fluid
m,c, (Thl — T, ) =m._C, (Tcz - Tcl)
10(80-T) = 20(T-20)
80— T =2(T-20)
80-T=2T-40
120=3T

= T =40°C

Case — II, For counter flow heat exchanger:

Thi
To x
Tp=Ty=T

y. Engineering Publications :21: Heat Transfer
Heat transfer rate (Q) Energy balance:
m,c, (Thl - Th2)= UxAxLMTD Heat released by hot fluid = heat received
C,.(T, = T,,)=UxAxLMTD by cold fluid
NTU - UA _ T, - T, _ 70 P m,Cy, (Thl - Th2)= mccc(TCZ - Tcl)
C. LMTD 5729 10(80-Te1) = 20 (Te2— Te1)
10(80-20) =20 (T2 — 20)
Ans: (¢) = Tex=50°C
Given data:
T =20°C, Thi = 80°C, 08. Ans: (b)
m, =20 kg/s, m, =10kg/s, Sol: Given data:
ch=cc=4.2 x 10° kg K, Q=23.07x10°W,
m,c, =C__ Thi = Thy = 50°C,
Tep= 15°C,
Case — I, For parallel flow heat exchanger: T =25°C,
D =0.0225 m,
T ce = 4180 J/kg K
> Tho=Te=T Uave = 2.5 m/s,

U =3160.07 W/m’K,
LMTD = 29.72°C

T

/ TCZ

Thi

Tcl

Heat transfer rate (Q)=r_c, (TC2 -T )

cl

23.07x10° =i, x 4180(25 —15)
m, =551.91kg/sec

: T
meachtube = pAuavg = p_Dzuavg
uavg
= 998.8x%(0.0225)2 x2.5
M, we = 0-7942kg/sec
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:E z‘:Enginﬁn?PEu“bhmuons :22: ME - GATE _ Vol - I _ Solutions
No.of tube x m,;, pe = M, 09. Ans: (d)
55191 Sol: Effectiveness () of heat exchanger will be
No. of tube = — =695
0.7942

Heat transfer rate (Q) = U x A x LMTD
23.07 x 10°=3160.17 x A x 29.72
= A =245.64 m’
A =7nDL x No. of tube x No. of pass
245.64 =1t x 0.0225 x 2.5 x 695 x No. of pass
No. of pass =2

minimum when C (%j =1

max

Effectiveness of parallel flow heat

1— e—(l+C)NTU
exchanger = ——
1+C
When C =1
] — e 2NTU
e=— ——,
2

1 L 2x2.5

c= CT — 0.4966 = 50%
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