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Text Book: Theory with worked out Examples and Practice Questions



Heat Transfer

(Solutions for Text Book Practice Questions)

Chapter
1

01.

Sol:

02.

Sol:

CONDUCTION
Ans: (b)
Given data:
T = 600°C; Tso = 20°C;
ka =20 W/mK; ke =50 W/mK;
LA=030m Lg=0.15m;
Lc=0.15m, h =25 W/m’K

Thermal circuit:

TOO TSi Tso
o AW —o— AW

1 Ly Ly L

h k, kg k¢

Energy balance:
Convective heat transfer at the wall surface

= conductive heat transfer through the wall

Too B Tsi _ Tsi — Tso
1 Ly Lp Le
h k, k, ke
800-600 600—-20
1 030 0.15 0.15
— + +
25 20 k, 50

= kB: 1.53 W/mK

Ans: (a)

Given data:
L,=L,=0.01;

k; =k, =16.6 W/mK

TSI

OO

=y

R,

OO

AAaA~a—a—a—
=
[\

TSZ

L,;=0.0lm L,=0.0lm

Thermal circuit:

Ts; Tey T Ts,
—AW—0—AWW—0—\WW—o°
Rl Rcontact R2

4, ~L_00Im’K
2 k166 W

T51 V4 Tsz

100

q = =
1 2R1+Rconstant 2 001 +15X10_4
16.6

q=36971.046
_ TCl _Tcz
| R

contact

TCI — Tcz = 55.45°C

03. Ans: (¢)
Sol: Given data:
T1 — SOC, Tz = 250C,

k=10 W/mK, Rcontact =0.01 mK/W

Heater

T,
T,

[ ——————>|
;=25 mm

- - i

=75 mm Heater
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T,-T,
R +R

contact cond
= 2575 =727.67W/m

qin =

- 25T10 ~1649.33W/m

100x2mx0.075%1
Heater Power = Total Heat Loss
= Qin T Qout = 2377 W/m

04. Ans: (d)
Sol: Given data: Im=0.075m
T, =100°C, T, =45°C

11
T,-T 1 1,
TZ_TI l_l

L 5

1 1

T,—-100 _0.05 0.075
45-100 1 1
0.05 0.1

= Tm=163.3°C

05.

Sol:

06.

Sol:

Ans: (485 K)
Given data:

Volumetric heat generation rate

Qe = 0.3 MW/m’
k=25 W/mK;
T, =92°C;

h, = 500 W/m’*K

Energy balance:
Qin T Qgen — Qout = Qstored
Qgen = Qout
qeA'L = hA'(Ts — T.)
0.3 x 10° x 0.1 =500 x(Ts — 92)

= Ts =152°C
LZ
max TS = qg
2k
(qe = heat generation per unit volume)
L2
Tmax = TS + qg
2k
6 2
T 152+ 0.3x10° % (0.1)
2x25

Tmax =212°C =485 K

Ans: (b)

Given data:

Qe = 2.6 x 10° W/m®
k =45 W/m°C

T, = 0°C
h = 1200 W/m*°C
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Temperature difference between center line T, +T, 500+350 425°C
and surface of the sphere e 2
oR? kr = ko[1 + BT]
’I;nax - TS =—
6k Kavg = Ko[1 + B Tave]
q,R’ Kavg = 25[1+(8.7x107)x425]
Tmax = TS + >
6k Kavg = 34.24 W/mK
6 2 T, -T
_ 10833, 2:6x10°x(0.15) .
6x45 Q=
kA
Trmax = 325°C ¢
Energy balance: RO0 -850
0.15 3
. _ = = =30.816x10" =
Qm + Qgen Qout Qstored 34.24x1.5x0.6
Qgen Qout Q =30.816 kW
4 3 2
q, 5nR =h4nR*(T,~T,) 08. Ans: (0
q.R Sol: Given data:
T,-T, ==
3h T =400 K, T, =600 K
D =ax, a=0.25
T,=T, + 9 *
3h X1 = 0.05m, X, =0.25m
6
TS=O+2.6x10 x0.15 A=ED2=Ea2x2
3x1200 4 4
Ts=108.33°C 0=1adl B
dx
dT
07. Ans: (b) Q=-kTa’x’ "~ ) ,
Sol . .
ol: 2
w dx _ nka
N Gy
T:1
H fdx  —nka’
dT
N Q ;': x> 4 %[
L=0.15m -11?  —nka’
Q — 4 (Tz _Tl)
Given data: L Xy,
T,=500K, H=15m M _den?
1 Q_1+i = mha (TZ_TI)
T,=350K, W=06m, L=0.15m X, X,
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09.

Sol:

10.

Sol:

Q= —Tckaz(T2 _T1)

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

Q =-2.12 W (- sign indicates the direction

of heat transfer)

Ans: (d)
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

in -1

[}

= E—0.01 =15mm
20

transfer =r, —r =

Ans: (a)
Given data:
Thermal  conductivity  of  insulation
(kin) = 0.1 W/mK
Heat transfer coefficient of surrounding air
(hy) = 10 W/m’K
Radius (r) = 1.5 cm,

kin

h

[}

Critical radius of insulation (r.) =

:E:O.Olmzlcm
10

11.

Sol:

r>r.

Adding the insulation will always reduce the

heat transfer rate.

Ans: (¢)

Given data:

Radius (r) = 1 mm,

Thermal  conductivity  of  insulation

(kin) = 0.175 W/mK

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

Thickness = 0.2 mm = rpew—T

Tnew = 1.2 mm

Critical radius of insulation (rc) = lliin
= 0175 =1.4mm
125
Thew < I¢c

. Addition of further insulation, heat transfer

12.

Sol:

rate increases first then decreases.

Ans: (b)
Given data:

Thermal  conductivity  of  insulation

(kin) = 0.4 W/mK
Heat transfer coefficient of surrounding air
(hy) = 10 W/m’K

Critical radius of insulation for the

sphere (r, )= 2;“ = 2X1%04 =

(o]

g mm

Critical diameter (d;) = 2r, = 16 mm
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13. Ans: (b) 14. Ans: (¢)
Sol: : Sol: Given data:
Q! AV=10V, p=70x10"m,
|
T.=20°C i D=32x10"m, r=1.6x10"m,
. h T,=93°C, T=225W/mK, L=03m
2L =100 mm Resistance
Volumetric heat generation rate oL 70x10™ x (0. 3)
(@) = 3 (R)=""= =0.02611Q
qg) = 1000 W/m A P _3
. ¢ T(32x107)
Ty=a(L"—x")+Db 4
Tx =005 = 10 (10.05°~ 0.05%) + 30
0.05 ( ) AV 10 _380.97A
T, =30°C ‘R 0.02511
T, =20°C Qg =AVI=10 x 383.97
=3829.75 W
I a(0-2x) A
ox Q, 9
Qe= ———=1.587x10°W /m’
O°T Volume
> =—2a=-2x10=-20 )
ox Temperature difference between center line
1-D heat conduction equation with internal and surface of the cylindrical wire
heat generation: R?
s T, ~T, = _138.14°C
O'T g, _10T k
8x2 k oot
15. Ans: (a, b,
-20+ 1000 =0 [forsteadystate,% 2 0) ns: (3, b, 0 .
Sol: Total thermal resistance = ——
1000 _ 20 total
k 1 3
=——— =144 x10" K/W
k=50 W/mK 692.5
Energy balance: 1, 4, 1
U k, k, h
1t =h[T,-T,] o
OX |40 05m = ke = 1.049 W/mK ~ 1.05 W/mK
—50[a x (= 2x)]._y.0s = h[30 - 20] Rate of heat transfer per unit area,
—50[10 (-2 x 0.05)] =h x 10 Q= ﬁT - 144?;) —1902 —211.21 kW/m?
=N h=5W/mK o LT
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chapter TRANSIENT HEAT
2 CONDUCTION

01. Ans: (b)

Sol: Given data:
D=12cm, R=0.6 cm,
T, =900°C, T, =30°C,
h =125 W/m*C, c, = 480 J/kg
L. :%:0.2cm, T =850°C,
Bi= hL,

Lumped method can be applied.
/n T-T, —ht
T,-T, pch

= t=3.67 sec

02. Ans: (¢)

Sol: Given data:
p = 8500 kg/m’, ¢, =320 J/kgK
h=65W/m’K, k=235 W/mK

d=12mm
I -T =0.99
Bi_ hL,

Lumped method can be applied.

GATE - Text Book Solutions
—ht

e” =1-0.99 =0.01
—ht
pc L

p ¢

= /n(0.01)

pe,Le

t= /n(0.01)

= t=38.54 sec

03. Ans: (d)

Nz

>

W

Given data:
T,=25°C; Tsw= 600°C
Qact =0.75 Qmax

Vv HWL W 005_0025

¢ A C2HL 2 2

m [T -T,]=0.75[m (T, - T,)]
T -25=10.75 (600 — 25)
= T = 456.25°C
. hic _ 100;301.025 <01
hL,

Bi=

Lumped method can be applied.

- e K{T T} —ht
— =1—e™" T,-T,] pc,L,
S N = t= 96734 sec
0.99 =1—e™"
ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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04. Ans: (b) Temperature after next 10 s,
Sol: According to lumped capacity analysis: T,=430°C; t=10sec;
/m T-T, :—*t n T-T, _ -t
| T,-T, ] = T-T,| t*
[T, +T - =
1| 1230 o 2)
| —2 |- T 430-30
T, -T, T T = 30 + 400 x o 104481
. = T=1350°C
T, +T, 1 —t
L o s
: o7t T 06. Ans: 12.00 K/min
1 j —t Sol: Given data:
In| — |=—
2 T D=0.05m;
—t T, =900°C, T, =30°C
m(2)=—
T m
pP= v
= t=1*/n(2)
m=pV = pgnRz'
05. Ans: (¢) 4
Sol: Given data: =7800x (0.025)' =0.510kg
m =500 g=0.5 kg; Energy balance:
To=330°C; Decrease in internal energy = Convective
T =430°C; heat transfer from the surface
T, =30°C dT
According to lumped capacity analysis B mca B hAS(T" - T”)
| =T } -t 0.510x 2000x 3L = 30 % 47(0.025)* x (900 — 30)
T-T,6| t* dt
- dT
430-30| -10 —=0.2K/sec =0.2 x 60
/n =—— .. (1) dt
| 530-30 T*
400 -10 d—T:12.00K/min
In——= dt
500 rt*
= t*=44381s
qace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams
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07. Ans: (¢) t, = 300°C
Sol: Given data: LT

T, = 350°C LoV 6 _d_0.706x107

c T A T > — =
Too — 300C, zAxS nd 6 6
o -3
T=100°C Bi=hLC :400><0.706><10 — 0.00235

cp=900 J/kg K,
p = 2700 kg/m’,
k =205 W/mK,
h =60 W/m’K

m= pV:px%TcR3

L= % =0.02698m

R =0.0809 m

j— hLC

Bi <0.1
k

Lumped method can be applied.

_T—Tw} —ht

/n =
| T,-T,

pCpLC

/n

[100-30] —60x t
1350-30] 2700x900x0.02698

= t=1660 sec

08. Ans: (b, c,d)

Sol: Given data :
d=0.706 x 10° m,
h =400 W/m’K
p = 8500 kg/m’ ,
k=20 W/mK,
C =400 J/kgK,
t; = 30°C,

k 20x 6
Bi < 0.1, so lumped heat parameter analysis
is valid.
Final temperature to be reached (t) = 298°C

t—t, hA, h
/n =— T=-— X1
t.—t, pVC pCxL,

n[298 —300} 400x 1

_ -3
30-300 8500X400X(0.7066x10 j

= 1=4.9sec

20x4.9

23\2
8500x400x(0'7066xmj

=2081.8

eBi>< Fo _ e0.00235 x 2081.8

B Fo = 13325~ 135
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Chapter tanh h(mL)
3 EXTENDED SURFACES - FINS 1
=——-1=63.48%
tanh(mL)
01. Ans: (a) 0. A
Sol: Given that: ) ?1s. ©
D=00lm h = 10 WK Sol: Given data:
T —25°C’ ’ D=5 mm, L=50mm, mn=0.65
k=379 W/mK, T, = 650°C S Qi Quan
n Q without fin Q Fin
| [ 1¥D=0.01 m
T,= 650°C T,=25°C . Qum
n Qwithoutfm
For very long fin: _h As(To A Too)
4 — Surface area (As) = tDL
i 4x10
Qpy, =379x 2 X (0-01)2 X \/W X (650 - 25) Cross-sectional area (A.) = %Dz
QFin = 60.43 € _mDL
Power in put = 2Qpi, = 120.9 W n EDZ
4
02. Ans: (b) p—— 4(£)
Sol: Given data: D
k =237 W/mK, h =12 w/m’K, e _ 4(@]
d =4 mm, L=10cm, 0.65 5
/ = e =26
mL = ﬂ L
kd
4x12 04. Ans: 420%
=== x0.1=0.71156 Sol: )
237x4x10 ol: Heat transfer rate for very long fin:
% error = Qinsinite ~ QLinsutated Q=kAmb,
Qv = JhpkA_ 6, = \/h x D x k x =D’ 0,
kA .m0, —kA mO, tanh(mL) 4
kA m6, tanh(mL) Q o D*?
" ace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams
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Q, (D2)3/2 ~ (3D1)3/2 51962 06. Ans: (d)
Q, (D, )" B (D, )" - Sol: Given data:
Q,-0Q a=5><10'3m=5mm,
% increasein Heat Transfer = % T, = 400°C,
_ &_1 Too = 50 C, a
Q, k = 54 W/mK,
=5.1962 - 1 L=0.08 m,
—4.19 ~ 420 % h =90 W/m’K,
P 3 43
05. Ans: (¢) Ac \/? a2 a
Sol: Given data: 3
ka =70 W/mK, hP [43h
m= —_— =
xa =0.15m, xg =0.075 m kA, ka
T t iation for long fin:
emperature variation for long fin o 44/3 x 90 _ 4805
T =T, om 54x5x10°
T-T,
mL = 3.844
_ | ph 4h A a
m= == =17~ L =L+—==0.084+——
VkA, VkD ; P 443
-3
m oc \/I (for the same diameter and same = 0.08 + 5x10
k 443
environment) =0.08072 m
For the same temperatures Heat transfer rate from the fin:
maXa = Mg Xp Qrin = kKAcm6O,tanh(mL.)
X
_m, _ |k, :54x(£x0.0052jx48.05x(400—50)
X 1 m 2 k A 4
) x tanh(48.05x 0.08072)
kg [ Xp
E— Z Qrin=9.82 W
2
Kp _ (0-075j 07. Ans: (¢)
70 0.15 Sol: Given data:
= kg =17.5 W/mK k=30 W/mK, D=0.01 m,
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11

L=0.05m, T.. = 65°C,

h =50 W/m’K, T, = 98°C

mL= |0y \/ﬂ % 0.05 = 1.2909
kD 30x0.01

Temperature variation for insulated fin tip

T-T, cosh(mL - x)
T -T, coshmL
x=L, T=T.
T.-T, 1
T, -T, coshmL
T, =T, + e le
cosh(mL)
T, :65+—98_65
cosh(1.29)
TL =81.87°C
08. Ans: (b)
Sol: o <1
mk
h <1
ph xk
hA, <1
pk
K >1
hA

Effectiveness (€) > 1
Using the fin will increase the heat transfer
rate because effectiveness of the fin is

greater than unity.

09.

Sol:

10.

Sol:

Ans: (a)

Given data:

k =200 W/m°C, h=15 W/m*C, L=1cm
Cross-sectional area of fin

(Ao) =0.5x 0.5 mm’

T,=80°C,

T=40°C

_\/ 4%0.0005x15
200 % 0.0005 x 0.0005

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

Heat transfer rate from fin with insulated tip
Qrin = kA.m6), tanh(mL)

=200x(0.5x107)*x 24.5%(80-40)x0.240
Qrin = 0.01176

1
0.01176

NO.Ofﬁn: Qtotal —
QFin

Ans: 191.5 W/mK
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
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|

Temperature variation for long fin

T-T, —mx
=e
T -T,
150-30
=e ™. 1
T, -30 M
95730 _ gomtents) 2)
T, -30
From equation (1) and (2) we get
fn 150 -30 = mAx
| 95-30 |
| 120230 :,/ﬂxo.ls
| 95-30 | Dk
= k=191.5 W/mK

11. Ans: (a, d)

Sol: Given data:
kgn = 50 W/mK
d=10mm=0.01 m

CONVECTION

Chapter
4

01. Ans: 40 W/m’K
Sol:

T,=300K
T.=400K T, =400 K
1 2
L[ =1lm Lz =5m
Given that:
Vi =100 m/s,
Vz =20 m/s,

q; = 20,000 W/m*
Heat transfer from object (1) =h; (Ts — Tx)
20000 = h; (400 —300)
h; =200 W/m’K
Reynold’s number for object (1)
VL, 100x1 100
Vi Vi Vi

Re,

L =600 mm = 0.6 m, m =38 Reynold’s number for object (2)
= hP _ hxnd Ny ﬂ R _V,L, 20x5 100
kA, m ., \kd T Ty T
cs k X Z d 2 2 2
Since, v | = v, (for the same fluid)
= & Rel = Rez
50x0.01
b= 8 WinlK " Prandtl number is the property of the fluid.
= h= m
.. Convective heat transfer coefficient Pry =Pr,
— 8 W/m2K Nusselt number (Nu) = f [Re.Pr]
For very long fin, efficiency of fin Nu; = Nu,
11 20.83% hL, _hL,
Mo =L T 8x06 ke ol
ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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h, _ L, 03. Ans: (¢)
h, L, Sol: Given data:
uy) = Ay + By’ — ¢y’
h, =, x 21 =200x - = 40 W/m’K WA TR
L, 5 Ty =D+ Ey+Fy -Gy
d—“=A+2By—3cy2
02. Ans: (d) dy
Sol: Given data: du| A
Pr=0.7, T, =400 K dy| _,
T, =300 K, Y _5000/m According to Newton’s law of viscosity:
\Y
du
k = 0.263 W/mK Wall shear stress (1, ) = Md_y
y=0
_pp ¥
T-T ) -
T.-T, .
, Skin friction coefficient (cf) = I 5
—Prui 2
T="Ts+ (T — Ts) {1—4 v j] Pl
2pA
dT (~rrt=2) S
(T, -T)0-¢ (—Pru—“’] ,
dy ~ _ 2vA ( 3 uj
Cr 3 V= E
dT u, Uy,
d_y . B (T°° - L )(_ 1{_ d Tj For the temperature profile:
y=
dT 2
—=E+2Fy-3G
=(T,-T, )(Pru—“’j dy YT
\Y%
B  § dT
Heat transfer rate = Heat conduction just e =E
adjacent on the surface (i.e. aty = 0) Yly-o
- dT Energy balance:
9= - E Conduction heat transfer in the fluid
=0
’ adjacent to the wall (i.e. at y = 0) =
q=- k(TOO - T, {Pr u—wj convective heat transfer inside the fluid.
\Y

q=0.0263 (300 — 400) [0.7 x 5000]
q= 9205 W/m’

L

=h(T,-T
o -het)

y=0
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K T,=C
Dl kE - T,=20°
T.-T, T,-T, 8 Tave=150° g h=11 W/m’K
== kE Tavg Too
T,-D o—AW——AMN——MWMW—o0
R; R, R,
(Ts = D, from the temperature profile)
For laminar fully developed with constant
04. Ans: (b) wall temperature condition:
Sol: Given data: Nu = 3.66
m=2kg/s, D=0.04m, T;=25°C, %:3.66
T, =75°C, Ts = 100°C,
h=3.66 k/D
h=6916 W/m’K,
cp = 4181 J/kg K. h=3.66x 2133 _ 1620 W/mK
0.03
T,= 1003C T.5100 q:Tavg_T‘*’ - 130220 _gh3w/m?
0,=25°C 1.t 1 1
/* h h 1622711
T;=25°C 06. Ans: (¢)
Sol: In constant wall temperature condition,
LMTD = i _eez _ _7? =45.51°C mean temperature of the fluid continuously
ﬁn(elj fﬂ(zs] changes in the direction of fluid flow. The
’ temperature difference between surface
Heat transfer rate = h x A x LMTD .
temperature and mean fluid temperature
tic, (T, = T;) = 6916 x 1x 0.04 x L x 45.51 decreases in the direction of flow.
2 x 4181 x (75-25)=39554L Therefore, mean temperature difference is
= L~10.6m considered as log mean temperature
difference in calculation.
05. Ans: (b) For the temperature profile, refer to the
Sol: Given data: diagram in Solution of Q. No. 04
D =30 mm, T,=20°C,
h=11 Wm’K, L=1m,
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07. Ans: (b h
®) . Nusselt number (Nu)= hL, _ 0.15(Ra)"”
Sol: Nusselt number (Nu) = 4.36 for laminar k
ﬂow't%lrough tubes with constant heat flux _ hx0.1 _ 0.15(18.29x 106)|/3
condition. 0.145
Nusselt number (Nu) = 3.36 for laminar h=57312W/m’K
flow through tubes with constant wall Heat transfer rate, (Q) = hA (TyT.)
temperature condition. - ,
For the same tube and fluid, Q= 57312 2(0'4) % (70 B 5)
hconstant heat flux ~ hconstant wall temperature Q =468.13 W
08. Ans: (d) 09. Ans: 12.70 W/m’K
Sol: Given data: 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,
Te=5°C, D=0.4 m.
A Y
Characteristic length (L, )= === 4
P D
D0 i
4 4
3
Grashoff number, (Gr)= gBA—;FL°
\%

_9.81x0.70x107 x 65 (0.1)°
(288107
Gr = 5381.401

Gr

Ra = Gr.Pr=5381.401 x 3400
=18.29 x 10°

p=1.204 kg/m’,

¢p = 1007 J/kg K,
Pr=0.7309,

Fp=0.86 N,

T, =20°C,

U= 7 m/S

Area (A)=2[2 x 3]=12m’

=

3m

2

tt
Skin friction coefficient (cf) =
1 Au’
7 pAU,
¢ = 2F, 2x0.86 2 43x10°

Apul  12x1.204x7°

According to Reynold’s — Colburn analogy:
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St.pr2 =St 11. Ans: (a)
2 ; Sol: Given data:
St(0.7309)"° = 243107 L=3m,
. hy=0.7+13.6 x - 3.4x
St= ouc =1.5x107" Average heat transfer coefficient
©-p - L
) (1)=1L [ dx
h=12.70 Wm'K L
— 13
10. Ans: () h=§I(O.7+13.6x—3.4x2)dx
Sol: The variation of heat transfer coefficient (h) °
in the direction of fluid flow over a flat = 1 _O o 13.6x 3.4x° [
=—10.7x -
plate is shown in figure below. 3 2 3,
1 r 2 3
As, hocﬁ wo L 0'7(3)+13.6(3) ~3.4(3)
30 2 3
2
=074+ 13.6x3 3.4x3
3
h=10.9W/m’K
Heat transfer coefficient at x =L =3 m
hy- —3=0.7+13.6 (3) - 3.4 (3)
hy -1 =10.9 W/m’K
h 109 .
> h_ ., 109
From the figure h; > h; > h; 12. Ans: (a,c,d)
According to Newton’s law of cooling, Sol: Prandtl number of water,
Heat flux (q) = hAt pce
Prwater = :
qoch k
> q, > -4
<‘]1 Q2> Qs :8.18><10 x 4180 _ 55056
The maximum local heat flux = q; 0.611
(ie. atx =x) Nu o Pr’*° (given)
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0.36
Nu water __ Prwatcr
Nu.. B Pr. Chapter
o o 5 RADIATION
Pr 0.36
Nuwater = Nuair . (PLWJ
Fai 01. Ans: (c)
0.36
. Sol:
Nu,._ =43.07 x( >0 j ~90.58 ~ 91 0 2)
0.71 ’ N
(1
NU e =(hwd] /'\
K N -
<7
= h — Nuwatcr X kW I|< D =|]
v d
90.58x 0.611 Aakl; SRS & = 1
© o 0.025 Fy = %
=2213.77 W/m’K 2
EdZ Edz
L= 4 _ 4
(TCXDXﬁ) nxD 92+h2
2 2
d2 dZ
- 2 2 y 2 2
,p YD +4h*  DYD? +4h
2
02. Ans: (a)
Sol: Given data:
€1 :0-5, 62:0.9,
Ty =600 K, T, =400 K
Net heat exchange between two long
parallel plates,
g_dﬁ—ﬁ}
el E2
-8 4 4
_ 5.67x 110 (6(:0 400) _ 5 orw /o
N + P
05 09
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03. Ans: 792.16 K

Sol: Given data:
d=0.05m, k=15WmK
D=0.06m, qz=20x 10> W/m’

T2:773K, 61262:0.2
T,
! |
: D
Total heat generated

(Qg)zqggdszlz.SnL
o - Aol(T! -T))

g

el D2 EZ

ndL x ofT; —773*)
1 (50)(1 J
— [
0.2 (6002
0.05x o(T - 773¢)
1 (50) 1
T
0.2 (6002

= T1=792.16 K

12.5nL =

12.5=

04. Ans: (¢)
Sol: D;=0.8m,

D,=12m,
€1=¢€,=0.05,
T,=95K,
T,=280K,

hg, =2.13 x 10° J/kg

Net heat transfer,

. AGT4—T4
Q:_mhfg: 1 (12 2)

1 (Dl) (1 J

E1 Dz €,
—mx2.13x10° = 7[(0-8)2 x5.67x107 x(954 —2804)

1 (08Y( 1
ST (el |
0.05 \1.2)10.05

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

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

S = 62:0.8,

Quwithout shield = 10 Quith shield

o(T! -1
E Al 4°N (N+1)
Qwith shield _ e] Ez Es
Qwithout shield G(T14 - Tz4 )
1 1
—+—-1
S S
1 1
—+—-1
Qwith shield _ € &
Qwithout shield i + i + ﬁ _ (N + 1)
€ & &
1 1
08 08
10= 1 1 2
— =2
08 08 e
(Number of shield (N) = 1)
es=0.138
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06. Ans: (¢)
Sol: Given data:

G=300W/m?, =04, o=03
A
—_— <«
— “ T
— \\
\<T,/\
D=1m

OCGAprojected = eByA

0.3><300><%D2 =0.04x0xT*x nD?

0.3x300x%(1)2 =0.04x5.67x10"* x T* x re(1)’

= T=315.6 K

07. Ans: (¢)
Sol: Given data:
L=15x10"m, Rgun=7x 10°m,

\
\

1\ G=1400 W/m’
R 1

\.@
’

le ‘5
I« >

Energy balance:

Ep x Asun = G X AHemisphere
oTg,\ x4nR* =G x 4nl’
T (LJ G

R) o
Tsun = 5802.634 ~ 5800 K

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

J=5000 W/m’,
T, =350K,
T.=300 K,
h =40 W/m’K,
o=0.4 Geonv
e
REEN

Convective heat transfer (qeony) = h(Ts — Ta)
=40 (350 -300)
=2000 W/m*

Energy balance:

Qin + Quen = Quue = Quorea

Qin—Qout =0 (Qstored = 0 and Qgen = 0)
2G —[2J + 2 Geony] = 0

2G —[2 x 5000 + 2 x 2000] = 0

G = 7000 W/m’

Leaving energy (J) = pG + E + tG
J=(p+1)G+E
J=1-a)G+E

J=(1-0.40) x 7000 + €Ej,

5000 = 0.6x7000 + € x5.67 x 10*x(350)*

= €=0.940
09. Ans: (d)
Sol: Black body emission does not depend on

the size of the object.
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10. Ans: (b)
Sol: Given data:
Ty =533K, T = 1066 K,
€ =0.5, h=114W/m’K

Energy balance:
Heat transfer by convection = Heat transfer

by radiation

Jconv = (rad
H(FI‘air - th) =€ G(Tt‘(‘: - T:/)
114(Ty; — 1066) = 0.5x5.67x10® (1066 — 533
= Tair =1367 K
11. Ans: (a)
Sol:
Tsky - 7300C7
h =4.36 Wm’K
T,=25°C, T,= 0°C
_> ry
—» D=30cm
—> v

l¢ N

r 100 m

Power required by resistance heater = Heat
loss by convection from the surface + Heat

loss by radiation from surface

12. Ans: (a, ¢, d)
Sol:

A, =2d’+ndh+d’
4 4
=2x%d2+ndh

(2x%x(l)2)+(nxlxl)

=151 m’
Ay =nD’=nx4*=16nm’
Fi.=0
By summation rule,
Fi.i+F=1
=>F2=1

By reciprocity theorem,

A1 Fio= Ay Fyy
P=hA (Ts—T.) + €6 A (Ts* — Ty A,
=436xn x D x L (25— 0) + 0.8 x 5.67 x Far= A_ZXFH
10° x  x D x L (298" — 243% 151
— 436%7 x 0.3 x 100 (25— 0) + 0.8 x 5.67 = op <L 70093 = 0.094
x 10 x 71 x 0.3 x 100 (298" — 243% By summation rule,
=29080.64 W Foi+Fn=1
P=29.08 kW Fro=1-Fy,
=1-0.094=0.906
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Chapter
HEAT EXCHANGERS

01.
Sol:

02.
Sol:

Ans: (d)

Given that:

Thi = 70°C, T =30°C
Ty = 40°C, Tex =50°C

ATl = Th1 — Tcz =20
ATz = Thz — Tcl =10

Thi

Tc2

Log Mean Temperature Difference
AT, —AT, 20-10

/n AT, ﬁn[zoj
AT, 10

=14.42°C

(LMTD)=

Tcl

LMTD = 20°C,

m, =2m,

T =20°C, Ty =100°C
Ch = 2¢Ce,
C, =m,c, =2m,c,

C,=mc, =2m,c,

03.

Sol:

When C = %=1,

max

Temperature profile

will be linear for the counter flow heat
exchanger the
difference between hot fluid and cold fluid

and mean temperature

will be same at every section.
LMTD = AT, = AT,
LMTD =AT; =Ty — T2
20=100—Te
T, =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 — Tha =200 — 110 = 90°C

Tea — Ter =125 - 100 = 25°C

Thi

TC2

Energy balance:

Heat released by hot fluid = heat received
by cold fluid

m,c, (T, - T,,) =, (T, -T,)

m,c, x90=m_c_ x25

From the above equation m_c, > m,c,
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1 T, —T . Ans:
Effectiveness (e) = Qua n‘lhch( hi hZ) 05 .ns (@)
Qs thh(Thl - T, Sol: Given data:
T,, — T, 90 Thi = T2 =75°C,
= = _ T[T
T, -T, 200-100 m, =2.7kg/s T
c2
:2:09 Tclzzloc’ Tcl/_
100 Tc2 — ZSOC,
A=24m’ hg, = 255.7 kl/kg
04. Ans: (¢) AT = Ty — Tey = 54°C
Sol: Given data: ATy = Tho — Teo = 47°C
m, =3.5kg/s,  Tu =80°C, Log Mean Temperature Difference (LMTD)
¢ =4180 J/kg°C, U; =250 W/m*°C - -
C g m _ AT, AT, _ 54 47:50.149°C
o= 2560 J/kg°C, Tip = 40°C, AT, gn(“j
AT, 47
T =20°C, T =55°C
Heat transfer rate
Ty (Q)=mh, xh,, =Ux AxLMTD
\\Thz i
Te 2.7 x255.7%x 10" =U x 24 x 50.419
\\Tcl 2
B = U=571 W/m™C
ATl = Th1 — Tcz =25 06. Ans: (C)
AT, = Ty — Top = 20° Sol: Ty =150°C, T, =25°C
Log Mean Temperature Difference Thp = 80°C, Tz =60°C
(LMTD)= AT 74T, 25720 _ 5 400c Th,
AT, (25j Th
/n In| — 2
ATZ 20 TCZ
TCl
Heat transfer rate |
(Q)=ri,c, (T, ~T,,)= U, x A, x LMTD AT, = Ty T, = 125
35 x 2560 (80—40) =250 x A;jx 22.4 ATy =Ty — Ter =20
Ai=64 m LMTD = AT, —AT, _125-20 57 99°C
AT 125
fn| —-| In| ——
AT, 20
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Energy balance: m,c, (Thl -T, ) = rthC(TC2 - Tcl)
Heat released by hot fluid = heat received 10(80-T) = 20(T—20)
by cold fluid 80 — T =2(T-20)
¢, (Thl — T, ) =m._, (Tcz - Tcl) 80-T=2T-40
i, c, (150 —80) = ¢ (60 — 25) 120 =3T
m, ¢, x70 =m,c_ x35 = T=40°C
From the above equation Case — II, For counter flow heat exchanger:
m.c, >m,c,= Cuin = myc,
Thi
Heat transfer rate (Q) T
Tp=Tu=T
m, ¢, (T,, - T,,)= Ux AxLMTD
C,n(T,, — T,,)= Ux AXLMTD
Energy balance:
UA T, -T, 70 : .
NTU = = = =1.22 Heat released by hot fluid = heat received
C.., LMTD 57.29 ,
by cold fluid
07. Ans: (©) th};i)ThSlO_ ::hz) = ;i:;C;(TCZ ;Tcl)
Sol: Given data: g 20T Te)
10(80-20) = 20 (T2 — 20)
T =20°C, Thi = 80°C,
: , 5 Te=50°C
m, =20 kg/s, m, =10kg/s,
— — 3
myc, =C, Sol: Given data:
Case — I, For parallel flow heat exchanger: Q=23.07x10°W, Th1 = Tho = 50°C,
Thl TC] = ISOC, TC2 = 250C,
> S D =0.0225 m, ce = 4180 J/kg K
T, Uayg = 2.5 m/s, U =3160.07 Wm’K,
LMTD = 29.72°C
Energy balance: T T
Heat released by hot fluid = heat received /V/_Tcz
by cold fluid Tei
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_TCI)
23.07x10° =i, x 4180(25 —15)

Heat transfer rate (Q) = rhccc(T02

m, =551.91kg/sec

. T
meachtube = pAuavg = p_Dzuavg
avg

= 998.8><%(0.0225)2 x2.5
M, e = 0.7942kg/sec
No.of tubes x m_,; ,p. =M,
No. of tubes = 23191 2 695

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 tubes x No. of passes
245.64 = 1x0.0225%2.5x695 xNo. of passes
No. of passes =2

09. Ans: (d)

Sol: Effectiveness (€) of heat exchanger will be

-

min

minimum when C (

max

When C =1
1_ eszTU
e=———,
2
1— e 225
e= =0.4966 = 50%

10. Ans: (b,c, d)
Sol: In heat exchanger design calculations, it is
more convenient to work with effectiveness

— NTU relations of the form

NTU = f[s, Coin j
C]TlaX

Condition Parallel flow | Counter flow
heat exchanger | heat exchanger
If g_l—e‘ZNTU o 1+ NTU
Crnin = Crnax 2 NTU
=C. =1
IfC,=0 g=1—g2NU c=1—e NV

Effectiveness of parallel flow heat
1— e—(l+C)NTU
exchanger= ———
1+C
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