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Sol.  D   

                        sin 𝑥,      x < 0  

f(x)  =               0,           x = 0  

                        3𝑥3,       x > 0  

For Limit –  

→ lim
𝑥→0+

f(x) = lim
𝑥→0

3𝑥3 = 0  

→ lim
𝑥→0−

f(x) = lim
𝑥→0

 sin 𝑥  = 0   

→ lim
𝑥→0

f(x) = lim
𝑥→0

0  = 0    

So f(x) is continuous at x = 0 

For Differentiability –  

→ Left hand derivative = lim
𝑥→0−

 
f(x)− f(0)  

𝑥−0
 = lim

𝑥→0
 
 sin𝑥 − 0  

𝑥−0
 → (

0

0
)  

                   Applying L-Hospital,  

                                                             =  lim
𝑥→0

 
 cos𝑥

1
 = 1  

→ Right hand derivative = lim
𝑥→0+

 
f(x)− f(0)  

𝑥−0
 = lim

𝑥→0
 
3𝑥3 − 0  

𝑥−0
 = 0  

∵ LHD ≠ RHD  

So f(x) is not differentiable at x = 0 
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Sol.   D  

Eigen values → 𝜆1, 𝜆2, 𝜆3   

𝜆1. 𝜆2. 𝜆3 = |𝐴|  

A = [
1 0 1
0 2 1
1 1 −3

]   

𝜆1. 𝜆2. 𝜆3 = |𝐴|  = - 6 + 0 + 0 – 2 – 0 – 1 = - 9  

 

 

Sol.  C   
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Sol.  A  

𝑉𝑒,𝑎 = √
2𝜇𝑟𝑝

𝑟𝑎(𝑟𝑎+𝑟𝑝)
  

𝑉𝑎 = √
𝜇

𝑟𝑎
  

∆𝑉 = 𝑉𝑎 - 𝑉𝑒,𝑎 > 0  

 

 

Sol.  D   

At service ceiling for piston engine a/c, the R/C is 100 ft/min or 0.508 m/s.    

 

 

Sol.  C   

Aircraft in steady climbing flight at given forward speed,   

L = Wcos 𝛾  

T = Wsin 𝛾 + D  

D = T - Wsin 𝛾  
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IGC GATE Online Coaching 

• Classes for all subjects including mathematics and aptitude by subject experts 

(IIT/IISc Fellow)  

• Live interactive classes 

• Recording of live classes 

• Good Study Material (e-form) 

• Topic-wise assignments (e-form) 

• 80+ online Exam 

Details- https://www.iitiansgateclasses.com/GATE-Online-Coaching.aspx 

IGC Target GATE Course 

• Recorded classes for all subjects including mathematics and aptitude by subject 

experts (IIT/IISc Fellow)  

• Online doubt support 

• Good Study Material (e-form) 

• 80+ online Exam 

Details- https://www.iitiansgateclasses.com/target-gate-course.aspx 

IGC GATE Distance Learning Program 

• Detailed and well explained subject wise study material (e-form) 

• Previous years papers solutions 

• Topic wise assignments and discussion (e-form) 

• 80+ online Exam 

• Complete Guidance for GATE Preparation 

• Online doubt support 

Details- https://www.iitiansgateclasses.com/Distance-Learning-Program.aspx 

IGC GATE Crash course (course starts from November 1st week) 

• Classes for all subjects including mathematics and aptitude by subject experts 

(IIT/IISc Fellow)  

• Live interactive classes 

• Recording of live classes 

• Good Study Material (e-form) 

• 30+ online Exam 

Details- https://www.iitiansgateclasses.com/GATE-Crash-Course.aspx  
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Sol.  C   

 

Lcos∅ = W  

𝐿

𝑊
 = 

1

cos∅
 = n  

cos∅ = 
1

𝑛
  

sin∅ = √1 − 𝑐𝑜𝑠2∅ = 
√𝑛2−1

𝑛
   

So, 
L sin∅

𝑊
 = n×

√𝑛2−1

𝑛
  = √𝑛2 − 1   

 

 

Sol.  A   

Equivalent air speed does not change with altitude.   

𝐶𝐿 does not depends upon altitude.   
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Sol.  B   

NACA 24012 

(
𝑡

𝑐
)
𝑚𝑎𝑥

 = 0.12  

 

 

Sol.  B   

Pressure coefficient, 𝐶𝑃 = 
𝑃−𝑃∞ 
1

2
𝜌∞𝑉∞

2
 = 1 – 4𝑠𝑖𝑛2𝜃   

 -3 < 𝐶𝑃  < 1    

 

 

 
Sol.  C  

From Crocco’s theorem,  

𝑉⃗ × (∇⃗⃗ × 𝑉⃗ )= ∇⃗⃗ ℎ0 - T∇⃗⃗ 𝑠   

Hence ∇⃗⃗ × 𝑉⃗  ≠ 0  

                     ↳ The flow is rotational due to curved shock wave.  
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 Sol.  B   

 

 

Sol.  D   

In impulsive turbine there is no enthalpy change of the gas in turbine blade or rotor 

stage.    

 

 

Sol.  B   

Area velocity relation for C-D nozzle,   

𝑑𝐴

𝐴
 = - 

𝑑𝑉

𝑉
(1 - 𝑀2)  (M < 1) 

Mach number increases continuously, so temperature decreases.  

The wall heat flux, q = k
𝜕𝑇

𝜕𝑦
   

If T decreases, heat flux will also decreases.  

So heat flux is maximum at inlet of C-D nozzle.  
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Sol.  C   

 

 

Sol.   A  

 

 

Sol.  B  

By taking moment equilibrium condition in an infinitesimal 3-D element, we can get 

complementary stress.  

τxy = τyx  

τyz = τzy   

τzx = τxz  
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Sol.  C  

 

 

Sol.  C  

 

 

Sol.  A  

m = 2 kg, 𝑓𝑛 = 20 Hz  

𝐶𝐶 = 2√𝑚𝑘 = 2m𝜔𝑛  

𝜔𝑛 = 2𝜋𝑓𝑛   

𝐶𝐶 = 160𝜋 N.s/m      

 

 

Sol.  D   

→ K.E. changes for a satellite in an elliptical orbit around the earth.   

→ Angular momentum is constant,  

                           𝑟 × 𝑣  = constant  
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→ Rate of area swept by the radial vector from the center of the earth is constant.  

 

 

Sol.  B   

 

e = 
𝑟1 − 𝑟2

𝑟1+ 𝑟2
   

 

 

Sol.  C   

𝑓(x, y, z) = 
1

2
𝑥2𝑦2𝑧2   

Grad 𝑓 = ∇𝑓 = 
𝜕

𝜕𝑥
(
1

2
𝑥2𝑦2𝑧2)𝑖 ̂+ 

𝜕

𝜕𝑦
(
1

2
𝑥2𝑦2𝑧2)𝑗̂ + 

𝜕

𝜕𝑧
(
1

2
𝑥2𝑦2𝑧2)𝑘̂   

∇𝑓 = x𝑦2𝑧2𝑖 ̂+ 𝑥2𝑦𝑧2𝑗 ̂+ 𝑥2𝑦2𝑧𝑘̂  
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Curl (grad 𝑓) = ∇ × ∇𝑓⃗⃗ ⃗⃗  = |

𝑖̂ 𝑗̂ 𝑘̂
𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧

x𝑦2𝑧2 𝑥2𝑦𝑧2 𝑥2𝑦2𝑧

| = 0𝑖 ̂+ 0𝑗̂ + 0𝑘̂  

Note – Go through vector calculus properties.  

 

 

Sol.   D   

→ 𝑝 × (𝑞 × 𝑟 ) + 𝑞 × (𝑟 × 𝑝 ) + 𝑟 × (𝑝 × 𝑞 )   

                                = (𝑝 . 𝑟 ) 𝑞  - (𝑝 . 𝑞 ) 𝑟  + (𝑞 . 𝑝 ) 𝑟  - (𝑞 . 𝑟 ) 𝑝  + (𝑟 . 𝑞 ) 𝑝  - (𝑟 . 𝑝 ) 𝑞  = 0  

    ∵ 𝑎 . 𝑏⃗  = 𝑏⃗ . 𝑎   

Note – Go through vector calculus properties.  

 

 

Sol.  B   
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x = cos 𝜃  

y = sin 𝜃  

dx = - sin 𝜃. d𝜃  

dy = cos 𝜃 . d𝜃  

1

2𝜋
∮(𝑥𝑑𝑦 − 𝑦𝑑𝑥) = 

1

2𝜋
∮(cos 𝜃 . cos𝜃 . d𝜃 + sin 𝜃 . sin 𝜃 . d𝜃 )  

                          = 
1

2𝜋
∮(𝑐𝑜𝑠2θ + 𝑠𝑖𝑛2θ) d𝜃  

                          = 
1

2𝜋
∮d𝜃 = 1  

 

 

Sol.  A   

𝑑2𝑦

𝑑𝑥2 + 2 
𝑑𝑦

𝑑𝑥
 + y= 0    

(𝐷2 + 2𝐷 + 1)y = 0  

𝑚2 + 2𝑚 + 1 = 0  

m = - 1, - 1  

y = (𝑐1 + 𝑐2𝑥)𝑒−𝑥  

𝐿𝑒𝑡, 𝑐1 = 𝑐2 = 1  

y = 𝑒−𝑥 + x𝑒−𝑥  
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IGC GATE Online Test Series 

• IGC provide 80 plus online tests to practice well before appearing for GATE. 

• IGC have divided online test series in 4 parts. 

o Topic wise exam 

o Subject wise exam 

o Module wise exam 

o Complete syllabus exam 

Details- https://www.iitiansgateclasses.com/gate-online-test-series.aspx 

IGC Sample work 

• Sample Study materials 

https://www.iitiansgateclasses.com/GATE-Aerospace-Study-Material.aspx 

• Sample assignments 

https://www.iitiansgateclasses.com/GATE-Study-Material.aspx 

• Sample Online Exam 

http://gate.igconlinetestseries.in/quiz/open_quiz/0 

• Sample Videos  

https://www.youtube.com/channel/UCaeoHcufuy7BGQ7Wq_ohTtw 

Team GATE Aerospace Engineering- 

 https://www.iitiansgateclasses.com/team-members.aspx 

GATE Results- 

https://www.iitiansgateclasses.com/student-achiver.aspx 
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Sol.  B   

𝑑2𝐹

𝑑𝑥2 + 𝑝2𝐹 = 0   

𝑑𝐺

𝑑𝑡
 + 𝑐2𝑝2G = 0,                                Where p and c are constants.  

→u(x, t) = F(x)G(t)   

𝜕𝑢

𝜕𝑡
 = F(x). 

𝑑𝐺(𝑡)

𝑑𝑡
 = - 𝑐2𝑝2 F(x).G(t)    

𝑐2 𝜕2𝑢

𝜕𝑥2 = 𝑐2G(t) 
𝑑2𝐹

𝑑𝑥2 = - 𝑐2𝑝2 F(x).G(t)     

𝜕𝑢

𝜕𝑡
 = 𝑐2 𝜕2𝑢

𝜕𝑥2  

 

 

Sol.   A   

→AX = B   
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A: B = [
1 1 2
1 0 1
0 1 1

  
:
:
:
 
1

−1
0

]    

       =  [
1 1 2
0 1 1
1 0 1

  
:
:
:
 
1
0

−1
]              → (𝑅2 ↔ 𝑅3)  

       =   [
1 1 2
0 1 1
0 −1 −1

  
:
:
:
 
1
0

−2
]       → (𝑅3 → 𝑅3 −𝑅1)    

       =   [
1 0 1
0 1 1
0 0 0

  
:
:
:
 
1
0

−2
]           → (𝑅1 → 𝑅1 −𝑅2)   and (𝑅3 → 𝑅3 +𝑅2)    

𝜌(𝐴) = 2  

𝜌(𝐴:𝐵) = 3  

𝜌(𝐴) < 𝜌(𝐴: 𝐵)   → No solution  

 

 

Sol.  D   

𝑓(x) = 𝑥2 − 5x + 6    

𝑓′(x) = 2x - 5 = 0  

x = 5/2  

𝑓"(x) = 2  

So at x = 2.5, f(x) has minimum value.   
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Sol.  B   

y(t) = cosh(𝑎𝑡) sin(𝑎𝑡)   

L{ y’(t) } = s y(s) - y(0) = s y(s)  

L{ t y(t) } = (-1). 
𝑑

𝑑𝑠
[𝑦(𝑠)]  

y(0) = 0  

Note - Go through Laplace’s properties.  

  

 

Sol.  B   

𝑉𝑒𝑠𝑐 = √
2𝐺𝑀

𝑅𝑒+ℎ
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Sol.  A   

For wing, 

𝐶𝑚𝑐𝑔
 = 𝐶𝑚𝑎𝑐

 + 𝐶𝐿[𝑋̅𝑐𝑔 − 𝑋̅𝑎𝑐]    

         = 𝐶𝑚𝑎𝑐
 + (𝐶𝐿0 +𝐶𝐿𝛼

.𝛼) [𝑋̅𝑐𝑔 − 𝑋̅𝑎𝑐]     

         = 𝐶𝑚𝑎𝑐
 + 𝐶𝐿0 [𝑋̅𝑐𝑔 − 𝑋̅𝑎𝑐]   +  𝐶𝐿𝛼

[𝑋̅𝑐𝑔 − 𝑋̅𝑎𝑐] 𝛼     

𝐶𝑚𝑐𝑔
 = 𝐶𝑚0 + 𝐶𝑚𝛼

.𝛼  

So 𝐶𝑚𝛼
 depends upon only centre of gravity.  

The 𝐶𝑚𝛼
of P and Q is same.   
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Sol.  D   

Temperature is constant in stratosphere from 11 to 25 km. So dynamic viscosity 

remains constant but pressure and density decreases with altitude.  

   

 

Sol.  B   

 

 

Sol.  D  

𝑉𝑠𝑡𝑎𝑙𝑙 = 60 m/s = 𝑉𝑒𝑞 = √
2𝑊

𝜌𝑆𝐶𝐿,𝑚𝑎𝑥
   

𝑉∗ = √
2𝑊𝑛𝑚𝑎𝑥

𝜌𝑆𝐶𝐿,𝑚𝑎𝑥
   = 𝑉𝑠𝑡𝑎𝑙𝑙√𝑛𝑚𝑎𝑥  

    = 60× √9 = 180 m/s  

 

 

 

Sol.   B   
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Sol.  A  

True air speed, 𝑉𝑇 = 100 m/s   

𝜌 = 0.526 kg/𝑚3  

𝜌∞ = 1.225 kg/𝑚3   

→ 
1

2
𝜌𝑉𝑇

2 = 
1

2
𝜌∞𝑉𝑒𝑞

2   

𝑉𝑒𝑞 = √
𝜌

𝜌∞
𝑉𝑇 = 65.52 m/s  

 

 

Sol.  A   

 

 

Sol.  B  

Range for jet engine, 

R = 
1

𝑇𝐹𝑆𝐶
.
𝐶𝐿

1/2

𝐶𝐷
.2√

2

𝜌𝑆
.[√𝑊0 - √𝑊1]     

𝑅𝑚𝑎𝑥  ∝   (
𝐶𝐿

1/2

𝐶𝐷
)
𝑚𝑎𝑥
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Sol.  B   

 

 

Sol.   A  

1

2
𝜌𝑉𝑡𝑟𝑖𝑚

2 S.𝐶𝐿,𝑡𝑟𝑖𝑚 = L = W   

𝑑𝛿𝑒

𝑑𝐶𝐿,𝑡𝑟𝑖𝑚
 < 0  

𝑑𝛿𝑒

𝑑𝐶𝐿,𝑡𝑟𝑖𝑚
=   

𝑆.𝑀.

𝐶𝑚𝛿𝑒

 = 
𝑋̅𝑁𝑃−𝑋̅𝐶𝐺

𝐶𝑚𝛿𝑒

 < 0  

𝑋̅𝑁𝑃 < 𝑋̅𝐶𝐺   → Unstable  

 

 

Sol.  C   
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Sol.   D   

−
𝜕𝜓

𝜕𝑥
 = v,   

𝜕𝜓

𝜕𝑦
 = u      

−
𝜕𝜓

𝜕𝑟
 = 𝑉𝜃,  

1

𝑟

𝜕𝜓

𝜕𝜃
 = 𝑉𝑟  

𝜓 = 
1

2
ln(√𝑥2 + 𝑦2)  

Circulation, Γ = - ∮𝑉. 𝑑𝑠  

x = rcos 𝜃,      y = rsin𝜃   

𝜓 = 
1

2
ln(𝑟)  

𝑉𝜃 = - 
1

2𝑟
  

Circulation, Γ = - ∫ 𝑉𝜃. 𝑑𝑠
2𝜋𝑟

0
 = 

1

2𝑟
×2 𝜋𝑟 = 𝜋 

 

 

Sol.   D   

Angle of attack, 𝛼 = 4°  

𝐶𝑚,𝑙𝑒 = - 
𝜋

2
𝛼       (For thin symmetrical airfoil)  

        =  - 
𝜋

2
× 4 ×

𝜋

180
 = - 

𝜋2

90
   

Magnitude of 𝐶𝑚,𝑙𝑒 = |− 
𝜋2

90
  | =  

𝜋2

90
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Sol.   B  

 

 

Sol.   D  

𝑀∞ = 0.7  

𝐶𝑝,𝑐𝑟 = - 0.78  

𝐶𝑃,𝐼𝑛𝑐𝑜𝑚𝑝. = - 0.6  

𝐶𝑃,𝑐𝑜𝑚𝑝. = 
𝐶𝑃,𝐼𝑛𝑐𝑜𝑚𝑝.

√1−𝑀∞
2

 = - 0.8402  

𝐶𝑃,𝑐𝑜𝑚𝑝. < 𝐶𝑝,𝑐𝑟  

So flow will be partly subsonic and partly supersonic.  

 

 

Sol.   A  

Skin friction coefficient, 𝐶𝑓 = 
𝜏𝑤

1

2
𝜌𝑉2
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Sol.   A  

 

 

Sol.   D  

 

 

Sol.   A  

According to Kutta’s condition, the velocity on upper and lower surface should be same.  

So strength of vortex sheet, 𝛾(𝑇. 𝐸)  = 𝑉1 -  𝑉2 = 0   

 

 

Sol.   A  
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For constant 𝜃, as Mach number increases 𝛽 decreases and shock will become 

stronger and will more closely to the body.   

 

 

Sol.   A   

The super-critical airfoil is used for increasing 𝑀𝑑𝑟𝑎𝑔−𝑑𝑖𝑣𝑒𝑟𝑔𝑒𝑛𝑐𝑒 .  

The shock wave strength reduces at upper surface.  

 

 

Sol.   A   

Note – Go through high lift devices.   

 

 

Sol.   B   

Total mass flow rate, 𝑚̇𝑎 = 𝑚̇𝑐 + 𝑚̇ℎ = 120 kg/s   

By pass ratio, 𝛽 = 
𝑚̇𝑐

𝑚̇ℎ
 = 5  

𝑚̇𝑐 = 100 kg/s  
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Sol.   D   

After-burner is used to increase thrust.   

 

 

Sol.    A   

𝑈𝑡𝑖𝑝 = 340 m/s  

𝑉𝑟 = 88 m/s  

Slip factor, 𝜇 = 0.85 = 
𝐶𝑡

𝑈𝑡𝑖𝑝
 

 

𝑉𝑟𝑒𝑙  = √𝑉𝑟
2 + (𝑈𝑡𝑖𝑝 − 𝐶𝑡)

2    
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    = √𝑉𝑟
2 + (𝑈𝑡𝑖𝑝 − 𝜇𝑈𝑡𝑖𝑝 )

2   = 101.7 m/s  

 

 

Sol.  C    

𝑃𝑒 = 𝑃𝑎    → Optimum expansion    

f = 
𝑚̇𝑓

𝑚̇𝑎
 << 1  

We know,  

𝑀𝑎 = 𝑀𝑒   

𝑉𝑎

√𝛾𝑅𝑇𝑎
 = 

𝑉𝑒

√𝛾𝑅𝑇𝑒
  

𝑉𝑒 = √
𝑇𝑒

𝑇𝑎
𝑉𝑎           (𝑉𝑎 = M√𝛾𝑅𝑇𝑎)  

F = (𝑚̇𝑎 + 𝑚̇𝑓)𝑉𝑒 - 𝑚̇𝑎𝑉𝑎  

   = 𝑚̇𝑎𝑉𝑒 - 𝑚̇𝑎𝑉𝑎  

𝐹

𝑚̇𝑎
 = 𝑉𝑒 - 𝑉𝑎 = √

𝑇𝑒

𝑇𝑎
𝑉𝑎 -  𝑉𝑎  = M√𝛾𝑅𝑇𝑎 (√

𝑇𝑒

𝑇𝑎
− 1)       
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Sol.  D   

Degree of reaction, °𝑅 = 0.5    (for turbine)  

𝛽2 = 𝛼3  

𝛼2 = 𝛽3 = 60°  

Mean blade speed, u = 180 m/s  

Axial velocity, 𝐶𝑎 = 150 m/s  

→ °𝑅 = - 
∅

2
[tan𝛽2 − tan𝛽3] = - 

 𝐶𝑎

2𝑢
[tan𝛽2 − tan𝛽3]  

  0.5 = - 
150

2×180
 [tan𝛽2 − tan60]  

𝛽2 = 27.92°  

So turbine power per unit mass flow, w = u.𝐶𝑎[tan𝛽2 + tan𝛽3] = 61.07 kJ/kg   

 

 

Sol.   D   

Stagnation temperature inside a rocket motor = 𝑇𝑐    

𝑃𝑒 = 𝑃𝑎     (given)  

Specific impulse, 𝐼𝑠𝑝 = 
𝑇ℎ𝑟𝑢𝑠𝑡

𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒
  

                                 = 
𝑚̇𝑉𝑒

𝑚̇𝑔
 = 

𝑉𝑒

𝑔
  second 

Total thrust, F = 𝑚̇𝑉 + (𝑃𝑒 -  𝑃𝑎 ) 𝑉𝑒  = 𝑚̇𝑉  

∴ 𝑉𝑒 = V  

Assuming isentropic flow,  
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𝑇0 = T + 
𝑉2

2𝐶𝑃
 = Constant 

𝑉𝑒 = V = √2(𝑇0 − 𝑇)𝐶𝑃         (𝑇0 = 𝑇𝑐)  

          = √2𝑇𝐶𝐶𝑃(1 −
𝑇

𝑇𝑐
)           

          = √
2𝛾𝑅

𝛾−1
𝑇𝐶(1 −

𝑇

𝑇𝑐
)            

𝑇𝐶

𝑇
 = 1 + 

𝛾−1

2
𝑀2  

For chocked flow, M = 1 

𝑇𝐶

𝑇
 = 

𝛾+1

2
  

𝑉𝑒 = √
2𝛾𝑅

𝛾−1
𝑇𝐶(1 −

2

𝛾+1
)     =   √

2𝛾𝑅

𝛾+1
𝑇𝐶  

So, Specific impulse, 𝐼𝑠𝑝 = 
√

2𝛾𝑅

𝛾+1
𝑇𝐶

𝑔
  

Here g is missing in options.  

 

 

Sol.   C   

𝑇01 = 500 K   

𝑇02 = 1800 K    

𝐶𝑝 = 1.005 kJ/kg.K    

Heating value of the fuel, ∆𝐻𝑟𝑝  = 44 MJ/kg  

Energy equation for chamber,  

𝑚̇𝑎ℎ01 + 𝑚̇𝑓𝜂𝑏∆𝐻𝑟𝑝 = (𝑚̇𝑎 + 𝑚̇𝑓) ℎ02  
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∴ 𝜂𝑏 = 1  

𝐶𝑝 𝑇01 + f. ∆𝐻𝑟𝑝 = (1+f) 𝐶𝑝 𝑇02  

So, f = 0.0309 ≅ 0.031  

 

 

Sol.  D   

Let,     r = burn rate  

         T = temperature    

Temperature sensitivity,  
𝜕𝑟

𝜕𝑇
|
𝑇=𝑇0

 > 0  

𝑇0 = initial temperature  

We know, r = a.𝑃𝑖
𝑛  

Here, n = exponent (independent of initial temperature)  

Assuming no other parameter changes,  

→ a is defined based on ambient conditions. 

Hence if initial temperature increases then thrust will also increases.  

Bur r is independent of initial temperature. Hence burn time remains same.  

 

 

Sol.   B   
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𝑀𝑎 = 0.8, 𝑃𝑎 = 95 kPa, 𝑃01 = 140 kPa, 𝛾 = 1.4   

We know,  

𝑃01

𝑃𝑎
 = [1 + 𝜂𝑑 (

𝛾−1

2
)𝑀𝑎

2]

𝛾

𝛾−1
  

So, 𝜂𝑑 = 0.915  

 

 

Sol.   D   

 

Resolving forces in y – direction,   

𝜎2b. cos 𝜃 = 𝜎1b. cos 𝜃  
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𝜎2 = 𝜎1   

 

 

Sol.   A  

Note – Go through buckling of column with different type of boundary conditions.  

 

 

Sol.   B   

From below figure, the twist per length for section (1) and section (2) is same.  

𝜃′1 = 𝜃′2 ....... (1)  

𝜃′1 = 
1

2𝐴𝐺
[
𝑞1𝜋𝑟

𝑡
+

(𝑞1−𝑞2)2𝑟

𝑡
]   

𝜃′2 = 
1

2𝐴𝐺
[
𝑞2𝜋𝑟

𝑡
+

(𝑞2−𝑞1)2𝑟

𝑡
]    

From equation (1), 𝑞1 = 𝑞2  
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So the shear flow q in the centered web =  𝑞1 − 𝑞2 = 0  

 

 

 

Sol.   C  
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𝑅𝑎 + 𝑅𝑏 = 0...... (1)  

∑𝑀𝑎 = 𝑅𝑏 × 𝐿 - M = 0........ (2)  

𝑅𝑏 = 
𝑀

𝐿
  

𝑅𝑎 = −
𝑀

𝐿
   

→From left hand side,   

Section BC-  

𝐹𝑥 = 𝑅𝑏 = 
𝑀

𝐿
  

Section CA-  

𝐹𝑥 = 𝑅𝑏 = 
𝑀

𝐿
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Sol.   A  

For CG,  

𝑦̅ = 0 cm  

𝑧̅ = 
0.2×2×2+0.1×2−0.2×2

0.2×3+0.1×2
 = 0.75 cm  

𝜎𝑥 = 
𝑀𝑦

𝐼𝑦𝑦
.z  

(𝜎𝑥)𝑡𝑜𝑝 = 
𝑀𝑦

𝐼𝑦𝑦
.𝑧𝑡𝑜𝑝  

(𝜎𝑥)𝑏𝑜𝑡𝑡𝑜𝑚 = 
𝑀𝑦

𝐼𝑦𝑦
.𝑧𝑏𝑜𝑡𝑡𝑜𝑚   

(𝜎𝑥)𝑡𝑜𝑝

(𝜎𝑥)𝑏𝑜𝑡𝑡𝑜𝑚
 = |

𝑧𝑡𝑜𝑝 

𝑧𝑏𝑜𝑡𝑡𝑜𝑚  
| = |

2−0.75

2+0.75
| = 

5

11
 

 

 

Sol.   C   

Quality factor, Q = 10 = 
1

2𝜉
  

𝜉 = 0.05  

Longitudinal decrement, 𝛿 = 
2𝜋𝜉

√1−𝜉2
 = 

𝜋

10
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Sol.  C   

∅(𝑥, 𝑦) = - 
𝑃𝑥𝑦3

4𝑐3  + 
3𝑃𝑥𝑦

4𝑐
   

𝜎𝑥𝑥 = 
𝜕2∅

𝜕𝑦2 = - 
3𝑃𝑥𝑦

2𝑐3   

𝜎𝑥𝑥 = 
𝑀𝑧

𝐼𝑧𝑧
.y  

For the c/s,  

𝐼𝑧𝑧 = 
1×(2𝑐)3

12
 = 

2𝑐3

3
  

𝑀𝑧 = 
𝜎𝑥𝑥×𝐼𝑧𝑧 

𝑦
 = 

− 
3𝑃𝑥𝑦

2𝑐3
 ×

2𝑐3

3
 

𝑦
 = - Px  

At x = 0  → 𝑀𝑧 = 0  

At x = L  → 𝑀𝑧 = - PL   

So it is cantilever beam clamped at end x = L and carrying a shear load P at x = 0.   
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Sol.   B   

Natural frequency, 𝜔𝑛 = 
𝑛2𝜋2

𝐿2 √
𝐸𝐼

𝜌𝐴
  

For first mode of vibration, n = 1  

𝜔𝑛 = √
𝐸𝐼

𝜌𝐴𝐿4.𝜋
2  

 

 

Sol.   A   

[𝜎] = c [
−8 5
5 16

] MPa = [
𝜎𝑥𝑥 𝜎𝑥𝑦

𝜎𝑥𝑦 𝜎𝑦𝑦
]  

𝜎𝑓 = 350 MPa 

𝜎1,2 = 
𝜎𝑥𝑥+𝜎𝑦𝑦

2
 ± √(

𝜎𝑥𝑥−𝜎𝑦𝑦

2
)
2
+ 𝜏𝑥𝑦

2      
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         = 
−8𝑐+16𝑐

2
 ± √(

−8𝑐−16𝑐

2
)
2
+ (5𝑐)2 = 17c, -9c  

𝜎1 = 17c MPa  

𝜎2 = -9c MPa  

 

 

Sol.  C   

𝜏𝑚𝑎𝑥 = √(
𝜎𝑥𝑥−𝜎𝑦𝑦

2
)
2
+ 𝜏𝑥𝑦

2      = 13c MPa 

 

 

Sol.  B   

By von-mises failure criterion,   

[(𝜎1 − 𝜎2 )
2 + 𝜎1

2 + 𝜎2
2] = 2𝜎𝑓

2  

[(17𝑐 + 9𝑐 )2 + (17𝑐)2 + (−9𝑐)2 ] = 2× 3502   

c = 15.3  

 

 

Sol.   D   

F = 1MN, 𝑀𝑖 = 100,000 kg, 𝑀𝑓 = 10,000 kg   
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𝑀𝑝 = 𝑀𝑖 − 𝑀𝑓  = 90,000 kg 

𝐶∗ = 2386 m/s, 𝐶𝐹 = 1.4 

Thrust, F =𝐶𝐹.𝑃𝐶𝐴𝑡ℎ   

→ 𝑃𝐶𝐴𝑡ℎ   = 𝑚̇𝑝𝐶
∗   

Thrust, F =𝐶𝐹.𝑃𝐶𝐴𝑡ℎ  = 𝐶𝐹 . 𝑚̇𝑝𝐶
∗    

𝑚̇𝑝 = 299.36 kg/s  

𝑚̇𝑜

𝑚̇𝑓
 = 

5

1
  

𝑚̇𝑝 = 𝑚̇𝑜 + 𝑚̇𝑓  

𝑚̇𝑓 = 49.89 kg/s  

 

 

Sol.  C   

∆𝑉 = c.ln
𝑀𝑖

𝑀𝑓
   

F = 𝑚̇𝑝. 𝑐   

c = 3340.45 m/s  

∆𝑉 = c.ln
𝑀𝑖

𝑀𝑓
  = 7.69 km/s  

𝑉𝑓 - 𝑉𝑖 = 7.69 km/s  

𝑉𝑓 = 7.69 + 2.5 = 10.19 m/s  
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Sol.  C   

 

 

Sol.   D  

f(x) = ∫ 𝑥3𝑑𝑥
1

0
   

𝐼𝑒𝑥𝑎𝑐𝑡 = ∫ 𝑥3𝑑𝑥
1

0
  = [

𝑥4

4
]
0

1

 = 0.25  

By Simpson’s 1/3 rd rule,   

∫ f(x)dx
𝑥0+𝑛ℎ

𝑥0
 = 

ℎ

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

h = 
1−0

4
 = 0.25  

x 0 0.25 0.50 0.75 1 

f(x) 0 0.015625 0.125 0.421875 1 

 

𝐼𝑠𝑖𝑚𝑝. = ∫ 𝑥3𝑑𝑥
1

0
  = 

0.25

3
[(0 + 1) + 4(0.015625 +  0.421875) + 2(0.125)] = 

         = 0.25  
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% error = 
𝐼𝑠𝑖𝑚𝑝.−𝐼𝑒𝑥𝑎𝑐𝑡

𝐼𝑒𝑥𝑎𝑐𝑡
× 100% = 0 % 

 

 

Sol.  B   

𝐶𝐷0 = 0.0223, 𝐴𝑅𝑤 = 10, e = 0.7   

K = 
1

𝜋𝑒𝐴𝑅𝑤
 = 0.0454 

Minimum thrust required condition,  

 𝐶𝐷𝑖 = 𝐶𝐷0  

k𝐶𝐿
2 = 𝐶𝐷0  

𝐶𝐿 = 0.70  

 

 

Sol.  C   

For gliding, 

𝐿 = Wcos 𝛾  

D = Wsin 𝛾  

tan 𝛾 = 
𝐷

𝐿
 = 

1

𝐶𝐿/𝐶𝐷
 = 

𝐻

𝑅
  ..... (1) 

𝑅𝑚𝑎𝑥 = H× (
𝐶𝐿

𝐶𝐷
)
𝑚𝑎𝑥

 → Minimum drag condition  

𝐶𝐷𝑖 = 𝐶𝐷0 
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k𝐶𝐿
2 = 𝐶𝐷0 

𝐶𝐿 = 0.70 

𝐶𝐷 = 𝐶𝐷0 + k𝐶𝐿
2 = 0.0445  

From equation (1),  

𝛾 = 3.63°  

 

 

Sol.  B   

𝛼 = 4°, e = 1, AR = 7, 𝛼𝐿=0= - 2°  

𝐶𝐿 = a.( 𝛼 − 𝛼𝐿=0)  

a = 
𝑎0

1+
𝑎0

𝜋𝑒AR

  

 𝑎0 = 2𝜋 per rad.    (For symmetrical thin airfoil) 

a = 0.0852 per degree 

𝐶𝐿 = 0.51  

 

 

Sol.  C   

𝐶𝐷𝑖 = k𝐶𝐿
2 = 

𝐶𝐿
2

𝜋𝑒𝐴𝑅
 = 0.0118  
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Sol.   B   

𝜂𝑎𝑑𝑖,𝑐 = 0.9, 𝛾 = 1.4, 𝑐𝑃 = 1.005 kJ/kg.K 

𝑃02

𝑃01
 = 11, 𝑇01 = 335 K 

𝜂𝑎𝑑𝑖,𝑐 = 
𝑇′02−𝑇01

𝑇02−𝑇01
 = 

𝑇′02
𝑇01

−1

𝑇02
𝑇01

−1
  

𝑇′02

𝑇01
 = {

𝑃02

𝑃01
 }

𝛾−1

𝛾
 = 110.2857 = 1.9889  

𝑇02

𝑇01
 = 2.0932  

𝑇02 = 701.22 K 

∆𝑇 = 𝑇02 - 𝑇01 = 366.22 K 

 

 

Sol.  B   

Total enthalpy rises, (∆ℎ0)𝑐 = ℎ02 - ℎ01 = 𝑐𝑃(𝑇02 - 𝑇01) = 368.051 kJ/kg 

(∆ℎ0)𝑠𝑡𝑎𝑔𝑒 = 37kJ/kg 

So no. of stages = 
(∆ℎ0)𝑐

(∆ℎ0)𝑠𝑡𝑎𝑔𝑒
 = 9.94 ≅ 10  
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Sol.  A   

𝑉𝑦 = 480 N  

𝑉𝑍 = 300 N  

∑𝐹𝑦 = 𝑉𝑦 = 𝑞1 ×12 +22× 12 + 22× 12 - 2× 12 = 480  

𝑞1 = - 2N/cm  

∑𝐹𝑧 = 𝑉𝑧 = 𝑞2 ×10 +10×10 - 2×10 = 300  

𝑞2 = 22N/cm 

 

 

Sol.   B  

Torque, M = 2Aq   

Torque about C.G., 

M = 2𝐴1𝑞1 + 2𝐴2𝑞2    (ACW) 

    = 2× (12 × 10) × 2 + 2× (12 × 10) × 22 = 5760 N-cm  
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IITians GATE CLASSES (IGC): GATE Coaching Centre 

Maps: https://g.co/kgs/fJs8YY 

Contact: 9740501604  

Website: https://www.iitiansgateclasses.com/ 

Email: iitiansgateclasses@gmail.com, info@iitiansgateclasses.com 

Follow us on 

Fb page: - https://www.facebook.com/teamiitians 

You tube: - https://www.youtube.com/channel/UCaeoHcufuy7BGQ7Wq_ohTtw 

Twitter: - https://twitter.com/teamiitians 

Instagram: -  https://www.instagram.com/teamiitians/ 

LinkedIn: - https://www.linkedin.com/company/iitians-gate-classes 
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