
1. (a)

2. (d)

3. (b)

4. (d)

5. (b)

6. (b)

7. (a)

8. (c)

9. (c)

10. (b)

11. (c)

12. (a)

13. (b)

14. (d)

15. (b)

16. (b)

17. (b)

18. (d)

19. (b)

20. (b)

21. (b)

22. (b)

23. (b)

24. (b)

25. (a)

26. (a)

27. (a)

28. (d)

29. (c)

30. (b)

ANSWER KEY

HEAT TRANSFER

MECHANICAL ENGINEERING
Date of Test : 05/10/2025

Web: www.madeeasy.in | E-mail: info@madeeasy.in | Ph: 011-45124612

Delhi | Bhopal | Hyderabad | Jaipur | Pune | Kolkata

CLASS TEST S.No.: 01DLSK_ME_JKLMNOP_051025



© Copyright :www.madeeasy.in

8 Mechanical Engineering

DE TAILED EXPL ANATIONS

1. (a)

Fourier number 2l
ατ 

  
 represents the dimensionless time.

2. (d)

η = actual

ideal

Q
Q  = 

( )
( )fin

b

b

hPkA T T
hA T T

∞

∞

−
−  = 

1hPkA kA
hPL L hP

=

For circular fin

A = 2
4

dπ

P = πd

η =
1 1

4 2
kd kd

L h L h
=

3. (b)
For infinitely long fin,

q� = ( )bhPkA T T∞−

For circular fin, P = πD

A = 2
4

Dπ

So, q� = ( )2
4 bh D k D T T∞
π× π × × −

q� ∝ 3/2kD

1

2

q
q
�
� =

1/2 3/23/2
1 1

3/2
2 2

400
250 0.4

k D D
Dk D

   =         = 5

4. (d)
( )

i

T t T
T T

∞

∞

−
− = e–bt

⇒ 2
i

i

T T T

T T

∞
∞

∞

+
−

−
= e–bt

⇒
1
2 = e–bt

Where b =
1
τ

Time required, t =
ln 2

b
 = τ ln2 = 10 × 0.693 = 6.93 s
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5. (b)
For parallel flow heat exchanger,

ε =
( )( )1 exp 1

1
NTU C

C
− − +

+
Put C = 0,

ε =
( )1 exp
1

NTU− −

ε = 1 – exp(–NTU)
For counter flow heat exchanger,

ε =
( ){ }
( ){ }

1 exp 1
1 exp 1

NTU C
C NTU C
− − −
− − −

Put C = 0,

ε =
( ){ }
( ){ }

1 exp 1 0
1 0 exp 1 0

NTU
NTU

− − −
− × − −

ε = 1 – exp(–NTU)
So, expression:

ε = 1 – exp(–NTU)
is valid for all the heat exchangers having zero capacity ratio.

6. (b)
Temperature of body, T = 2000 K

From Wien’s Displacement law:
λmT = 2898 µm-K

λm × 2000 = 2898
λm = 1.449 µm
λm � 1.45 µm

7. (a)
Reflectivity, ρ = 0.4

For opaque body,
α + ρ = 1

α + 0.4 = 1

Absorptivity, α = 0.6 = 600
abs absG G
G

=

Part of radiation absorbed,
Gabs = 0.6 × 600 = 360 W/m2
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8. (c)

Thi

Tho

Tci

Tce

L

T

According to question:
Tce – Tci = Thi – The = 0.7(Thi – Tci)

For balanced counter flow heat exchanger,

Cmin = h ph c pcm c m c=� �

Effectiveness, ε =
( )
( )max min

h ph hi he

hi ci

m c T TQ
Q C T T

−
=

−

�
 = 

hi he

hi ci

T T
T T

−
−  = 

( )0.7 hi ci

hi ci

T T
T T

−
−

ε = 0.7 = 1
NTU

NTU+
0.7 + 0.7 NTU = NTU

0.7 = 0.3 NTU

NTU =
0.7
0.3

NTU = 2.333

9. (c)

L

L

1

2

3 4

F13 = 1 sin
2
α−  = 1 – sin45°

= 11
2

−  � 0.3

F14 = F13
From summation rule,

F11 + F12 + F13 + F14 = 1
F12 = 0.4

So, F12 > F13

10. (b)
Without shield
Radiation heat transfer rate,

q =
( )4 4

1 2

1 2

1 1 1

T Tσ −

+ −
ε ε

1 2
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Let number of shields be N.
With shield
Radiation heat transfer rate,

1 2

Shields

q′ =
( )4 4

1 2

1 2

1 1 21 1

T T

N

σ −
   + − + −  ε ε ε  

As per the conditions,
q′ = (1 – 0.9)q

q
q′ =

1 10
0.1

=

1 2

1 2

1 1 21 1

1 1 1

N   + − + −  ε ε ε  
 + − ε ε 

= 10

21 1 11
0.290.8 0.6

1 1 1
0.8 0.6

N    + −+ −      
 + −  

=  10

Number of shields, N = 2.925
N � 3

11. (c)

Wall thickness, δ = 10 mm = 0.01 m
As given in question,

Thermal conductivity, k = ax + b

Heat flux, q ′′ =
dTk
dx

−

q ′′ = ( )dTax b
dx

− +

q
dx

ax b
′′
+

= –dT

On integrating,

0

dxq
ax b

δ
′′

+∫ =
2

1

T

T
dT− ∫

⇒ [ ]0ln
q

ax b
a

δ′′
+ = –(T2 – T1)

⇒ ln
0

q a b
a a b
′′ δ +

× + = (T1 – T2)
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⇒ lnq a b
a b
′′ δ +

= (T1 – T2)

6 4

4
3.723 10 7 10 0.01 200ln

2007 10
× × × +

×
 = (100 – T2)

T2 = 20.0046°C
T2 � 20°C

12. (a)

3 m

4 m

k = 10 W/mK T = 100°C

100°C

0°C

y

x

(Normal to surface QR)n

P
Q

R

At surface PQ

qPQ =
Tk A
y

∂− ×
∂

 = – 10 × 4 × – 30 = 1200 W/m

At surface RQ

qRQ = Tk A
n

∂− ×
∂

 = – 10 × 5 × 60 = – 3000 W/m

From energy balance,
qPQ + qPR = qRQ

1200 + qPR = – 3000

qPR = – 4200 W/m = 10 3 T
x

∂− × ×
∂

T
x

∂
∂ = 140 K/m

T
y

∂
∂ = 0 (∵Heat flows normal to surface)

13. (b)

qnet =
( )4 4

1 2

1 2

1 1 2 2 1 12

1 1 1
T T

A A A F

σ −
− ε − ε+ +
ε ε

Since, F12 = 1

qnet =
8 4 4

2
2

2 1 1

5.67 10 [(40 273) (250 273) ]
1 1 0.25 1 0.7

0.25 0.7 1
AA

A A A

−× × + − +
− − × + + × × 
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2

netq
A = 2 2

2 2
2 2
1 1

3697.9847
0.75 0.3
0.25 0.7

D D
D D

−
π π× + +
π π

 = 2 2
3697.9847

0.75 1 0.3 1
0.25 0.3 0.7 0.3

−

   × + +      

2

netq
A = – 82.409 W/m2

Negative sign shows that there is net heat transfer from sphere 2 to sphere 1.

14. (d)

Mass flow-rate of air, am� = 21 kg/s

cpa = 1.005 kJ/kgK
Minimum heat capacity rate,

Cmin = a pam c�

= 21 × 1.005
Cmin = 21.105 kW/K

Overall heat transfer coefficient, U = 2.5 kW/m2K = 2500 W/m2K
Surface area, A = 2 m2

NTU =
min

2500 2
21.105 1000

UA
C

×=
×  = 0.2369

Effectiveness, ε = 1 – e (–NTU)

= 1 – e(–0.2369) = 0.2109
T

L

80°C

Tce

25°C

Also, ε =
max

Q
Q  = 

( )
( )min

25
80 25

a pa cem c T
C

−

−

= ( )
25

80 25
ceT −
− [∵ Cmin = a pam c� ]

From (1) and (2)
25

55
ceT −

= 0.2109

⇒ Tce = 36.59°C

15. (b)

Q Ts

T∞

1Q� =
0

f
y

Tk
y =

∂−
∂
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2Q� = 1
0

22 4f
y

Tk Q
y =

 ∂  =
 ∂
 

�

∴
2

1

Q
Q

�
� = 4

16. (b)
We know that,

Gr =
3

2
cg TLβ∆

ν

β = 3 -11 1 2.304 10 K
161 273avgT

−= = ×
+

25 297 161 C
2avgT + = = °  

For horizontal plate:

LC =
50 50 12.5 cm or 0.125 m
4 50

sA
p

×= =
×

So, Gr =
3 3

6 2

9.81 (2.304 10 ) 272 (0.125)
(30 10 )

−

−

× × × ×
×  = 133.184 × 105

17. (b)
Heat generated = Heat convected

⇒ 2
0q r L×π� = ( )02 sh r L T T∞× π × −

⇒ Ts = 0

2
qrT

h∞ +
�

 = 
6 216.4 10 0.6 10100

2 3200

−× × ×+
×

= 115.375°C
Temperature at the centreline of the wire (T0)

T0 – Ts =
2 6 2 2

0 16.4 10 (0.6 10 ) 9.710
4 4 15.2
qr

k

−× × ×= =
×

�

T0 = 115.375 + 9.710 = 125.08°C

18. (d)

Given : 21
1 0 1 20.5 m, 25 C, 200 C, 40 C , 0.026 W/mK, 20 W/m K

2
Dr T T T k h= = = ° = ° = ° = =

r1

r2Tank

Spherical

T1
T2

T0 

 = 20 W/m Kh 2

= 25°

For steady state:
Heat transfer through conduction = Heat transfer through convection
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⇒
( )1 2

2 1

1 2

( )
4

T T
r r

kr r

−
−

π

= 2 2 0( )hA T T−

⇒  
2

2

(200 40) 4 0.026 0.5
0.5

r
r

− × π× × ×
−  = 2

220 4 (40 25)r× π × −

⇒ 2.08 = 2 2300 ( 0.5)r r −

⇒ 2 3
2 20.5 6.933 10r r −− − × = 0

r2 = 0.5135 m
Thickness of insulation = r2 – r1 = 0.5135 – 0.5 = 0.0135 m

= 13.5 mm

19. (b)
F12 = 1.0

A2F21 = A1F12

F21 = 1

2

21 1.03 (2 )
4

A R L
A RL

×× = ×
× π

 = 
4 0.424

3
=

π

20. (b)
Surface (3) can be represented by dashed line.
Because symmetry F13 = 0.5, F23 = 1

A3

A2

A1

Now from reciprocity theorem,
A3F31 = A1F13
A3F31 = 2L × 0.5 = 1 m
A3F32 = A2F23 = 2L × 1 = 2 m

The net radiation heat transfer

Q = ( ) ( )4 4 4 4
3 31 3 32w p w pA F T T A F T Tσ − + σ −

= 1 × 5.67 × 10–8 (10004 – 3004) + 2 × 5.67 × 10–8 (10004 – 3004)
= 3 × 5.67 × 10–8 (10004 – 3004)
= 1.68 × 105 W/m

21. (b)

(1) (3) (2)

q12

ε1 Radiation
shield

(q12)without =
( )4 4

1 1 2

1 2

1 1 1

A T Tσ −

+ −
ε ε
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(q12)with =
( )4 4

1 1 2

1 2 3

1 1 2 2

A T Tσ −

+ + −
ε ε ε

12

12

( )
( )

with

without

q
q = 1 2

1 2 3

1 1 1
0.1 1 1 2 2

+ −
ε ε=
+ + −

ε ε ε

0.1 =

3

1 1 1
0.8 0.8

1 1 2 2
0.8 0.8

+ −

+ + −
ε

ε3 = 0.1379 � 0.14

22. (b)

q″ =
0

( )w
y

dTh T T K
dy∞

=

 
− = −   

dT
dy
−

= ( ) 1
2 22w

yaT T a
L L∞

 − +  

0y

dT
dy

=

 
   = ( ) 1

w
aT T
L∞− −

⇒ h (Tw – T∞) = ( )1
w

aK T T
L ∞−

hL
K = a1

Nu = 1
hL a
K

=

23. (b)

A1

D

A2

A3

L

From summation rule,

11 12 13F F F+ +
0

= 1

F12 = 1 – F13

= 1 3 2 2− +

= ( )2 1 2− +

From reciprocal theorem,
A2F21 = A1F12

21D L Fπ × × = ( )
2

2 1 2
4
Dπ × − +

F21 =
2 1
2
−
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24. (b)
Assume counter,

Thi = 80°C

Tco = 40°C Tho = 50°C

Tci = 20°C

x = 0 x = 10 m

∆T1 = 80°C – 40°C = 40°C
∆T2 = 50°C – 20°C = 30°C

LMTD = 1 2

1

2

40 C – 30°C 34.7 C
40lnln 30

T T
T
T

∆ − ∆ °= = °
   ∆     ∆ 

Assume parallel,

80°C = Thi

20°C = Tci

Tho = 50°C

Tco = 40°C

∆T1 = 80°C – 20°C = 60°C
∆T2 = 50°C – 40°C = 10°C

(LMTD)parallel HE = 1 2

1

2

60 C – 10°C 27.9 C60lnln 10

T T
T
T

∆ − ∆ °
= = °

   ∆     ∆ 

25. (a)

Fin efficiency =
tan mL

mL
h

mL =
2

cs cs

hP hL PL
kA kA

=  = 
2 2

2

4

4

hL d hL
k dk d

× π = ×π

= 4 4 4hL L h Ld
k d k d

   × × = × × ×        = 32 hr L
k d

   × ×      

mL = ( )32 lBi
d

 × ×     = 32 0.04 4 2.262× × =

η =
tan mL 0.9785 0.4325

mL 2.262
h

= =  = 43.25% = 43%
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26. (a)
Given: Ts = 370 K, T∞ = 300 K

Ts

T0

T∞

x L = – x L = x = 0

T (x = 0) =
2

2 s
qL

T
K
+

�

T0 =
2

2s
qL

T
K

+
�

Heat generated = Heat convected

⇒ 2q A L× ×� = ( )2 sh A T T∞× × −

Ts – T∞ =
/
/

qL L k
h L k
×

�

2qL
K
�

= ( ) 0.7 (370 300) 49sBi T T∞× − = × − =

T0 =
49 370 24.5 394.5 K
2sT + = + =

27. (a)

r

K = 0.05

Insulation

T2

T1

T∞ = 20°C
 = 10h

Heat conducted = Heat convected

1 2

2

1
ln

2

T T
r
r
KL

−
 
  
π

= ( )2 22h r L T T∞× π × × −

r1 = 1 m, r2 = 1.1 m

⇒
( )2200 2 0.05

ln(1.1/1)
T L− × π × ×

 = h × π × 2.2 × L × (T2 – 20)

⇒
( )2200

0.1
ln(1.1/1)

T−
× = h × 2.2 × (T2 – 20)

⇒ 200 –T2 = 2.097 × 10 × (T2 – 20)
⇒ 200 –T2 = 20.97 × (T2 – 20)
⇒ 200 – T2 = 20.97T2 – 419.4
⇒ T2 = 28.19°C

28. (d)

hm� =
1000 0.277 kg/s
3600

=

Hot fluid, Thi = 70°C
Tho = 40°C
cph = 2 kJ/kgK

Cold fluid, Tci = 25°C
Tco = 40°C
cpc = 4.2 kJ/kgK
U = 0.2 kW/m2K

Counter flow temperature profile
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∆T1

Thi

Tco Thi

Tci

∆T2

Oil

Oil

∆T1 = 70°C – 40°C = 30°C
∆T2 = 40°C – 25°C = 15°C

LMTD = 1 2

1

2

30 C 15 C
30 Clnln 15 C

T T
T
T

∆ − ∆ ° − °=
°   ∆     °∆ 

LMTD = 21.64°C

Heat transfer = ( ) . (LMTD)h ph hi hom c T T U A− =�

103 × 0.277 × 2 × (70 – 40) = 0.2 × 1000 × A × 21.64
A = 3.84 m2

29. (c)
As per given condition,

Uparallel = Ucounter
(UA∆T)parallel = (UA∆T)counter ...(i)

For parallel,
Thi

Tci

Tco

Tho

Thi = 80°C
Tho = 50°C
Tci = 30°C
Tco = 45°C
∆T1 = Thi – Tci

= 80 – 30 = 50°C

(∆T2) = 50 C 45 C = 5°C
oo chT T− = ° − °

(LMTD)parallel = 1 2

1

2

50 C 5 C
50lnln 2

T T
T
T

∆ − ∆ ° − °
=

   ∆     ∆ 

(∆T)parallel = 19.543°C
In counter flow

Thi

Tci

Tco
Tho

∆T1 = 80 C 45 C = 35°C
oi chT T− = ° − °

∆T2 = 50 C 30 C = 20°C
io chT T− = ° − °

(LMTD)counter = 1 2

1

2

35 C 20 C
35lnln 20

T T
T
T

∆ − ∆ ° − °
=

   ∆     ∆ 

(LMTD)counter = 26.804°C
From equation (i),

(A × 19.543)parallel = (A × 26.804)counter
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Aparallel = 1.3715 Acounter

Percentage saving in Area =
counter parallel

parallel
100

A A
A

−
×

=
1 1.3715 100 27.09%

1.3715
− × =

30. (b)
Since fluid properties will be same at same temperature so Prandtl number will be same

Nu ∝ (Re)m

2

1

Nu
Nu =

2

1

22

11

( )
( )

mm
CC

m
CC

V LVL
V LVL
 

=  
 

=
25 12 1
50 6

m × =  
Nu2 = Nu1

11 Ch L
K = 22 Ch L

K

⇒ h2 =
1

2

1 2120 6 60 W/m C
12

C

C

h L
L

×= = °

Heat flux from the second airfoil

= 2 ( )h T T∞−

= 60 × (80 – 15)
= 3900 W/m2


