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1. *HT 

Stanton Number 

St =
Nu

Re×Pr
  

2. * FM 

∂(u2)

∂x
+

∂(uv)

∂y
  

Incompressible flow 

2u
∂u

∂x
+ u

∂v

∂y
+ v

∂u

∂y
= u.

∂u

∂x
+ u (

∂u

∂x
+

∂v

∂y
) + v.

∂u

∂y
  

= u.
∂u

∂x
+ v.

∂u

∂y
 

3. ATD 

Pt = 101 kPa  

T = 300 K  

RH = 60%  

 (Ps)300 K = 3.6 kPa  

ω =?   

ω = 0.622 
Pv

Pt−Pv
  

RH =
PV

PS
  

0.60 × 3.6 = Pv  

Pv = 2.16 kPa  

ω = 0.622 ×
2.16

101−2.16
  

ω = 0.01359 
kg of W.V

kg of d.a
 =13.59 

grams of W.V

kg of d.a
 

 

 

0 
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4. * FM 

u = 2xyt  

v = −y2t  

(1, 1)  

dx

u
=

dy

v
  

dx

2xyt
=

dy

−y2t
  

dx

x
= −2

dy

y
  

dx

x
+ 2

dy

y
= 0  

ln xy2 = ln c   

xy2 = C  

At (1,1)  

C = 1  

xy2 = 1  

5. *ATD  

COP = 10, R. C. = 150
kJ

kg
= RE  

H. R. F =
QR

RE
= 1 +

1

COP
  

QR

150
= 1 +

1

10
  

QR = 165
kJ

kg
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6.  *FM 

 

V = 300 m/s  

T = 330 K  

P = 180 kPa  

Cp = 1.005 kJ/kg − K  

Stagnation Temperature 

(T0) =?  

h0 = h +
V2

2
  

CpT0 = CpT +
V2

2
  

T0 = T +
V2

2Cp
  

=
3002

2×1005
  

374.77 K   

7.   

L−1 {
s+3

(s+1)(s+2)
} , f(0) =?  

s+3

(s+1)(s+2)
=

A

s+1
+

B

s+2
  

s+3

(s+1)(s+3)
=

As+2A+Bs+B

(s+1)(s+2)
  

s + 3 = (A + B)s + 2A + B  

A + B = 1   2A + B = 3 

 B = 1 − A  2A + 1 − A = 3 
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    A + 1 = 3 

A = 2, B = 1 − 2 = −1  

L−1 {
s+3

(s+1)(s+2)
} = L−1  {

2

s+1
−

1

s+2
}  

= 2L−1 {
1

s+1
} − 1 L−1 {

1

s+2
}  

= 2e−t − 1. et  

f(0) = 2 − 1 = 1  

8.   

(1 + i)8  

z = 1 + i  

|z| = √12 + 12 = √2  

tan θ =
1

1
=

y

x
  

θ =
π

4
   

z = |z|[cos θ + i sin θ]  

z = √2[cos
π

4
+ i sin

π

4
]  

z8 = (√2)
8

[cos
π

4
+ i sin

π

4
]

8
  

D. M. T  

= 16 [cos (8 ×
π

4
) + i sin 8 (

π

4
) ]  

= 16  

9.   

f(x) = x3 − x − 3 = 0  

N − R, x2 = ?  

x0 = 2 → given  

⇒ N − R  
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 x1 = x0 −
f(x0)

f′(x0)
  

f ′(x) = 3x2 − 1  

f ′(2) = 3 × (2)2 − 1 = 11  

f(2) = 23 − 2 − 3 ⇒ 3   

x1 = 2 −
f(2)

11
= 3 =

19

11
  

x1 =
19

11
  

x2 = x1 −
f(x1)

f′(x1)
  

f (
19

11
) = 0.425  

f ′ (
19

11
) = 7.950  

x2 =
19

11
−

0.425

7.950
  

= 1.673   

 

10.   *HT 

kf = 1
W

mK
  

ks = 100
W

mK
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[
dT

dy
|

𝐲=𝟎
 ]

𝐬𝐨𝐥𝐢𝐝

           Q̇cond|
F

= Q̇cond|
solid

 

−kfA [
dT

dy
|

y=0
]

F

= −ksA [(
dT

dy
)

(y=0)
 ]

solid

       

dT

dy
= 200 × (−5)e−5y  

[
dT

dy
|

(y=0)
]

F

= −1000
K

m
  

[
dT

dy
|

y=0
]

s

= 10 K/m  

 

11.  HT 

Tci = 300 K  

ṁc = 100 kg/s  

U = 1500
W

m2−k
  

A = 400 m2  

Thi = Tho = 350 K  

cpc = 4000 J/kg − K   

Tco =?  

NTU =
UA

(ṁcp)
min

 
  

1500×400

100×4000
  

NTU = 1.5  

Phase change HE 

ε = 1 − e−NTU  

Tco−Tci

Thi−Tci
= 1 − e−NTU  
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Tco−300

350−300
= 1 − e−1.5  

Tco = 338.84 K  

 

12.    

Reg. Rankine Cycle 

 

ṁ𝐬 =?  

Ėin = Ėout   

ṁs × h2 + ṁ × h5  

= (ṁ + ṁs) × h6  

ṁs × h2 + ṁ × h5 = ṁ × h6 + ṁ5 × h6  

 ṁs[h2 − h6] =  ṁ[h6 − h5]  

   ṁs = (
h6−h5

h2−h6
) ṁ   

ṁs = 0.2515
kg

s
× 100  

= 25.15 kg/s  
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13.  * FM 

 

14.  FM 

At = 1 m2  

A0 = 1 cm2  

 

T =
At

A0
√

2

g
[√H1 − √H2]  

 T = 104√
2

9.8
[√1 − √

1

4
] 

T = 2258.76 sec 

15.  FM 

M = 0.6  

Ideal gas  

T = 350 K  

R = 320 J/kg − K  
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γ = 1.3  

M =
V

C
  

M =
V

√γRT
  

V = M √γRT  

V = 0.6 √1.3 × 32 × 350  

V = 228.945 m/s  

16.  (1 + y)
dy

dx
= y  

y(1) = 1  

Solution: 

 (
1

y
+ 1)

dy

dx
= 1 

∫
1

y
 dy + ∫ dy = ∫ dx  

ln y + y = x + c  

x = 1, u = 1  

ln 1 + 1 = 1 + c  

C = 0  

ln y + y = x  

ln y + ln ey = ln ex  

ln(y. ey) = ln ex   

y. ey = ex  
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17.    

 

P [Blue and Black ball]⇒P(Blue) and P(Black) 

=
15

60
×

45

59
  

 =
45

236
 

 

 

18.    

 

In Equilateral 

Median = Angle bisector = Altitude 

↓  

2: 1  

R: r   

πR2: πr2  

4: 1  

 

 



 
 
 
 
 
 
 

- 15 -  

 

ME-2021 QUESTION & ANSWERS-AFTERNOON SESSION 

Website: www.engineers-hub.com: Contact: 9550348886, 0891 666 4766                  ENGINEERS HUB         
 

 

19.    

 

 

20.   

A number – Plural 

   are 

The number – Singular 

   is 

21.   

 

Diagonal 

1

2
  

Symmetry 
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1

4
  

Symmetry 

1

8
  

22.   

 

23. B. N→ (n, p):- 

Mean= nP 

Variance= npq 

= np(1 − p)  

24.   

∫ ln x dx
5.2

4
, h = 0.3  

1

3
rd Rule:

h

3
 [(First term + Last term) + 4 (odd no. of term) + 2(even term)]  

No. of sub-interval = 
5.2−4

0.3
= 4  

=
h

3
[(y0 + y4) + 4(y1 + y3) + 2(y2)]   

= 1.82773  
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25.   

 

ln 4  ln 4.3  ln 4.6 ln 4.9 ln 5.2   

1.3863 1.4586   1.526   1.589   1.6486  

26.  r. T ⇒ n × 1 

Q ⇒ n × n  

f(x) =
1

2
× TQx − rTx  

Stationary point of f(x) =? 

Solution: 

 n = 1 

f(x) =
1

2
Qxx − rx  

f(x) =
1

2
Qx2 − rx  

 For stationary point 

f ′(x) = 0   

f ′(x) =
1

2
. 2Qx − r  

f ′(x) = 0  

Qx = r  

x =
r

Q
    

27.  Eigen Value A2 =? ? 

n × n ⇒ matrix  

Ap = α2p  

α ∉ {1, 0,1}  
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Solution: 

AX = λX  

λ = α2  

λ ⇒ Eigen value of matrix A  

A ⇒ λ = α2  

A2 ⇒ λ2 = (α2)2  

= α4  

28.  * TD 

V = 50 m3  

% of Liquid = 20%  

% of vapour = 80%  

vf = 0.001 m3/kg  

vg = 0.46 m3/kg  

m =?  

 

v =
V

m
  

m =
V

v
  

v = vf + xvfg     

v = 0.001 + 0.8(0.46 − 0.001)  

X=0.8 
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v = 0.37 m3/kg  

m =
50

0.37
  

m ≅ 135 kg  

29.  * TD 

 

Hot air    Cold air 

3 kg/s     2 kg/s 

100 kPa    100 kPa 

340 K     240 K 

 

ΔṠcv + ΔṠf = Ṡt,Q + Ṡg,cv  

Ṡg,cv = ΔṠf  

Hot  

3 [1.005 ln (
340

300
) − 0.287 ln (

100

500
)] + 2 [1.005 ln (

100

300
) − 0.287 ln (

240

300
)] 

⇒ 2.238  kW/K 

 

 

 

 

 

 

 

0 0 
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30.  FM 

 

Steady Flow 

ṁi = ṁ0  

Qi = Q̇0  

0.01 × 35 + Q = 0.8 × 6 

Q = 0.1325 m3/s 

Q = 132.5 L/s 

31.  

Given T = 1200 + 2500 sin 2θ N − m 

 N = 120 rpm and  ω = 2π
N

60
 rad/s 

 Cs =  ±0.5% ⇒   1%
1

100
    

 I =        kg − m2 =? 

Ta = 12000 + 2500 sin2θ  

 Time period  
2π

2
= π 
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 ΔEmax = ∫  
π

2
0

(Ta − Tm)dθ  

 ΔEmax = ∫  
π

2
0

(2500 sin2θ)dθ  

 ΔEmax = 2500 N − m 

⇒ 2500 = I × 2π × (
120

60
) × 0.01 

⇒ I = 569.94 kg − m2  

 

 Vibration  

32.  ωn = √
S

m+(
M

2
)
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33.    

  

P = 100 KN  
π2EI

l2
= 400  

 
π2EI

4l2
= 100 ⇒

π2EI

l2
= 400 

 P =
2π2EI

l2
 

 P = 2 × 400 

 = 800 kN 

34.  Steel cube block side = 200 mm 

 Hydrostatic pr = 250 N/mm2 

 E = 2 × (10)5 N/mm2 

 μ = 0.3 

 Reduction in side_____mm 

 ∈v=
σx+σy+σz

2
 (1 − 2μ) 

 ∈x=
σx

E
 (1 − 2μ) 

 
ΔL

L
=

250

2×(10)5
(1 − 2 × 0.3)   

 ΔL = (
250

2×(10)5
(1 − 2 × 0.3)) × 200 

 ΔL = 0.1 mm 



 
 
 
 
 
 
 

- 25 -  

 

ME-2021 QUESTION & ANSWERS-AFTERNOON SESSION 

Website: www.engineers-hub.com: Contact: 9550348886, 0891 666 4766                  ENGINEERS HUB         
 

 

35.  

 

 FAC = ? & FCD = ?  

 FAC = sin 45° = F  

 FAC = F √2 (Tensile) 

 FAC = cos450 + FCD = 0 

 FAC = cos450 + FCD 

 FCD = F√2 +× 1/√2 

 FCD =  −F 

 FCD = F (comp) 

36.    
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MAB = F x 

MBc = Fl 

xA =  ∫
M

∂M
∂F

dx

EI
 

 

XA = ∫
(Fx)xdx

EI
+ ∫

(Fl)ldx

EI

l

o 

l

o

 

XA =
Fl3

3EI
+

Fl3

EI
 

 

xA = ? 

XA =
4

3

Fl3

EI
 

 

37.  

 
EI = 200 × 106 Nm2 

 

Area of BMD between 

AB = 10000 Nm2 

θA = ? 
(micro − radian) 

θA − θB =
AAB

EI
 

θA =
10000

200×106
= 5 × 10−5 rad 

 

θA = 50 × 10−6 rad 

θA = 50 micro − rad 
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38.   

P= 30000/day 

d = 15000/day 

Ch =
20

unit
/year 

Co = 1800/setup 

duration = 300 days 

EOQ =
√2CoD

Cw
×

√P

p − d
  

=
√2 × 1800 × 300 × 15000

20
×

√30000

15000
 

40249.22 units 

39.  Allowance definition = lower limit of Nut hole – upper limit of shaft 

 
40.  Se= 150 MPa.  Fatigue strength for 1000 cycles.  Is 450 MPa.  No of cycles for ± 200 

MPa=? 

log10 200 − log10 450

log10 150 − log10 450
=

log10 N − 3

6 − 3
 

log10 N = 5.2144 
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N = 105.2144 

N = 163632.47  cycles 

41.   

 
ωn = ? 

x = r ∂ 

Iθ̈ + kxrθ = 0 
[mr2 + J]θ + kr2θ = 0 

      me             ke              

wn = √
ke

me
= √

kr2

mr2 + J
 

 

42. Find μs = ? 

 
ΣFx = 0 

N cos 60° − F cos 30° − 750 = 0 

ΣFy = 0 
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N sin 60° + F sin30° − 900 = 0 

N = 1154.42 

F =  −199.51 
μN

N
=

199.51

1154.42
 

μ = 0.1728 

 

43.  PERT 

Critical 

9 Activities σ = 3 → V = σ2 = 9 

Vp = ΣV of CA 

vp = 9 × 9 = 81 

σp = √Vp = √81 = 9 

σP = 9 

44. Diameter of Nugget = 5mm. 

t =1 mm 

time = 0.1 sec 

 

E = 20 J/mm3 

p =? (kW) 

ηth = 10% 

Vn =
π

4
(5)2 × 1 

= 19.63 mm3 

E = 20 × 19.63 = 392.69 J 

E =
392.69

0.1
 J/sec 

E = 3926.9 J/sec 

Power = 39269
J

sec
⇒ Power = 39.27 kW 
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45. P = 100 kN 

π2EI = 100 

π2EI

l2
= 400 

2π2EI

l2
 

= 2 ∗ 400 

= 800  

 

46.  Accn of system − m/s2 

 

 
ΣMo = Ioα 

10 × 0.3 = [
1.5 × 0.12

2
+ 1.5 × 0.42 + 2 ×

1 × 0.42

2
+ 2 × 1 × 0.42] α 

α = 4.1237 rad/s2 

at = αr = 4.1237 × 0.4 

at = 1.65 m/s2 
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47.    

 
48.   

Chvorinov’s 

(75 × 125 × 20)mm  

t = 2 min  

 

t = k (
V

A
)

2
  

2 = k (
75 × 125 × 20

2(75 × 125 + 125 × 20 + 75 × 20)
)

2

  

k = 0.04 

t = k (
V

A
)

2

 

t = k (
d

6
) 
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t = 0.04 (
50

6
)

2

 

t = 2.78 sec 

 

49.  

 
 

 

  

 

 

 


