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GATE 2021 AE (AEROSPACE ENGINEERING) 

GUESS PAPER (Gas Dynamics, Rocket Propulsion & Space Dynamics) 

 

1. Fluid is said to be continuum when Knudsen number is_______  0.01. 

    a) greater than 

    b) less than 

    c) equal to 

    d) none of the mentioned 

2. A cold gas thruster on a spacecraft uses Helium (γ = 1.67) as the working gas. The gas exhausts 

through a large area ratio nozzle to the vacuum of space.  The energy of a parcel of gas in the 

fully-expanded exhaust is _________ times the energy it had when it was in the chamber. 

Assume the expansion takes place adiabatically.  

(a) 2/3 

(b) 3/5 

(c) 5/3 

(d) 3/2 

3. The figure below shows the supersonic wind tunnel with two throats. A very large plenum 

contains the gas at constant stagnation pressure and temperature, P0 , T0 . The flow exhausts 

to a large tank that is maintained at vacuum Pa = 0. The upstream nozzle area ratio is A2/A1 = 6 

and the ratio of exit area to throat area is Ae/A1 = 2. The test section has a constant area A3 = 

A2. A shock wave is stabilized in the diverging portion of the nozzle. Assume the flow is 

adiabatic and neglect wall friction .  Calculate 0e 0P / P . 

 

(a) 1 
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(b) 0.4 

(c) 2.5 

(d) 0.5  

 

4. Argon 
5

,R 208.13 J/KgK
3

 
   
 

 flows adiabatically through a duct. At section 1,  

  P1 = 1378.95 kPa , T1 = 260 0C & u1 = 76.2 m/s. At section 2, P2 = 275.79 kPa & u2 = 335.28 m/s . 

The flow is __________. 

(a) isentropic 

(b) non-isentropic 

(c) cannot be determined   

(d) None of the above  

 

5.  Mercury manometer reads a change in height as shown in figure below. Find the freestream 

velocity of the air  1.4   if its static pressure is 0.82 atm.  

                                        

(a) 230 m/s 

(b) 220 m/s 

(c) 240 m/s 

(d) 250 m/s 
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6. An explosion generates a shock wave that moves through the atmosphere at 1000 m/s. The 
atmospheric conditions ahead of the shock wave are those of the standard sea-level 

atmosphere. What is the mach number of the air  1.4   behind the shock wave? 

(a) 0.633 
(b) 1.341 
(c) 0.478 
(d) 1.724 
 
 

7. The Prandtl-Meyer function 036.8   means  
 
(a) the angle through which a sonic flow has to be turned to reach given mach number is 36.80. 
 
(b) the angle through which a supersonic flow has to be turned to reach given mach number is 
36.80 
 
(c)the angle through which a hypersonic flow has to be turned to reach given mach number is 
36.80 
 
(d) None of the above 
 

8. Which of the following grain cross section has the given thrust profile ?  

 

 

(a)  Star grain                                                                                                (b)  Rod and tube grain 

(c) Tubular grain                                                                                           (d) Cylindrical grain 
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9. Match the energy relation on the left with the type of trajectory on the right   

I.     Potential energy < kinetic energy                                                          A.  Circle  

II.    Potential energy = kinetic energy                                                          B.  Hyperbola 

III.   Potential energy >  kinetic energy                                                          C.  Ellipse 

IV.   Potential energy = 2× kinetic energy                                                    D. Parabola 

(a) I-B,II-A,III-C,IV-D                        (b) I-C,II-D,III-B,IV-A                         

(c) I-C,II-A,III-B,IV-D                        (d) I-B,II-D,III-C,IV-A                          

 
10. The perigee of a satellite in a parabolic geocentric trajectory is 7000 km as shown in figure 
below. Find the distance d (in km) between points P1 and P2 on the orbit, which are 8000 and 
16,000 km, respectively, from the center of the earth. 

Take earth’s gravitational parameter , 3 2398600 km / s    

 

(a) 13270   (b) 12345  (c) 14532   (d) 11800 

 www.gatepathshala.com 

11. The area A swept out during the time t = T/4 since periapsis, where T is the period of the 
elliptical orbit having semi major axis  ‘a’ and semi minor axis ‘b’, is _________ . 
 
(a)  πab                   (b)  0.5234ab                  (c)  0.4123ab             (d) 0.7854 ab 
 
12. A rocket flies at 10080 kmph with an effective exhaust jet velocity of 1400 m/s and 

propellant flow rate of 5 kg/s. If the heat of reaction of propellants is 6500 kJ/kg of the 

propellant mixture. Find thermal efficiency.  

(a) 0.82      (b) 0.52     (c) 0.75     (d) 0.66 
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13. Determine values of the velocity and altitude losses due to gravity from the following data: 

Mass ratio = 6.67 

Burnout time = 75 s 

Effective jet velocity = 2500 m/s 

Ignore drag and assume vertical trajectory. 

(a)  735.75 m/s & 27.6 km                 (b) 4007.05 m/s & 27.6 km                  

(c)  735.75 m/s & 55.2 km                 (d) 4007.05 m/s & 55.2 km 

  

14. Determine the value of thrust coefficient for a gas with γ = 1.2 at pressure ratios 2. 

(a)  0.68           (b) 0.74           (c) 0.52               (d) 0.59 

 

15. Which one is wrong statement about the propellant ? 

(a) High thermal value 

(b) Low possible density 

(c) Low toxicity and corrosiveness  

(d) Reliable ignition 

 

16. Consider a two-stage rocket with the following design characteristics. First stage : propellant 

mass = 7200 kg; structural mass = 800 kg. Second stage : propellant mass = 5400 kg ; structural 

mass = 600 kg. The payload mass is 60 kg. The specific impulse for both stages is 275 sec. 

Calculate the final burnout velocity (in m/s). 

(a)   1934            (b)  5975        (c)  4041               (d) 7909 

  

17.  Calculate the isothermal compressibility (in m2/N) for air at a pressure of 0.5 atm. 

(a) 2     (b) 51.98 10     (c) 0.5          (d) 53 10  
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18. A blunt-nosed missile is flying at Mach 2 at standard sea level. Calculate the temperature at 

the nose of the missile. Take γ = 1.4  

(a)  624 K   (b) 490 K    (c) 600 K    (d) 519 K 

 

19. Air  1.4  enters a constant-area duct at M1 = 3, p1 = 1 atm , and T1 = 300 K. How much 

heat per unit mass (kJ/kg) must be added to choke the flow? 

(a) 446000                (b) 0.446             (c)  4460                   (d) 446  

 

20. In order to increase the Mach number of the gas flow, we will have to ______ 

(a) either decrease the random energy or increase the directed energy . 

(b) neither decrease the random energy nor increase the directed energy. 

(c) either increase the random energy or decrease the directed energy. 

(d) increase the random energy only  

 

21. Air (γ = 1.4 ) has density of 0.956 kg/m3. Given isentropic bulk modulus of air = 124071 Pa . 

Find the speed of sound in air (in m/s). 

(a) 426     (b)  360   (c)  400     (d)  380 

 

22. Consider a steady one dimensional flow of a calorically perfect gas. Removal of heat in 

subsonic flow  

(a) increases static temperature if 
1

2M


    and decreases static temperature if 
1

2M


     

(b) decreases static temperature if 
1

2M


   and increases static temperature if 
1

2M


    

 (c) increases static temperature if 
1

2M


    and decreases static temperature if 
1

2M


     

(d) decreases static temperature if 
1

2M


   and increases static temperature if 
1

2M
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 23.  The end states of normal shock must ____ Fanno line. 

       a) lie below                                              b) lie above 

       c) lie on                                                     d) none of the mentioned 

  

24. Air at 300 K is flowing in a duct at a velocity of 100 m/s. Determine the temperature that a 
stationary probe inserted into the duct will read.  
(a) 305 K      (b) 310 K     (c)  300 K       (d) 312 K 
 
 
25. Consider the supersonic flow of air at upstream conditions of 70 kPa and 260 K and a Mach 
number of 5 over a two-dimensional wedge of half-angle 10°. If the axis of the wedge is tilted 25° 
with respect to the upstream air flow, determine the shock wave angle below the wedge for a 
strong solution. Take γ = 1.4 
 

                                             

(a) 30.210    (b) 49.860     (c) 77.660     (d) 73.320 

 

26. A supersonic airplane is flying at Mach 2 at an altitude of 16 km. Assume the shock wave 

pattern from the airplane quickly coalesces into a Mach wave that intersects the ground behind 

the airplane, causing a “sonic boom” to be heard by a bystander on the ground. At the instant 

the sonic boom is heard, how far ahead of the bystander is the airplane ? 

(a) 30 km      (b) 20 km      (c) 27.7 km     (d) 16 km 

 
27. Compressibility becomes important when the Mach number > 0.3. How fast can a two-
dimensional cylinder travel in sea-level standard air before compressibility becomes important 
somewhere in its vicinity? 
(a) 98 m/s       (b) 51 m/s         (c)  47 m/s          (d)  102 m/s  
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28. A certain aircraft flies at the same Mach number regardless of its altitude. Compared to its 
speed at 12000-m Standard Altitude, it flies 127 km/h faster at sea level. Determine its Mach 
number. 
(a) 0.78    (b) 0.65      (c) 0.43        (d)  0.10  
 
 
29. A weak pressure wave, with a pressure change Δp = 40 Pa, propagates through still air  

( 1.4   & 31.2 kg/m  ) at 20°C and 1 atm. The velocity change across the wave is __________ 

× 10-3 m/s.  
(a) 0.097            (b) 0.97        (c) 9.7       (d) 97 
 
 
30. A force F = 1100 N pushes a piston of diameter 12 cm through an insulated cylinder 

containing air at 20°C, as in given figure. The exit diameter is 3 mm, and 
ap 1 atm . Estimate 

velocity of piston, Vp in m/s.  

 
 
 
(a)   0.124           (b) 0.204       (c)  0.248               (d) 0.158 
 

 
31. Air (γ = 1.4) flows steadily from a reservoir at 20°C through a nozzle of exit area 20 cm2 and 
strikes a vertical plate as in Fig. below.  The flow is subsonic throughout. A force of 135 N is 
required to hold the plate stationary. Compute p0 (in atm) if pa = 1 atm.  

 

(a) 1.37       (b) 139306.50       (c) 1.48      (d) 138306.50       
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32. Air (γ = 1.4) from a reservoir at 20°C and 500 kPa flows through a duct and forms a normal 
shock downstream of a throat of area 10 cm2. By an odd coincidence, it is found that the 
stagnation pressure downstream of this shock exactly equals the throat pressure. What is the 
area (in cm2) where the shock wave stands? The following data is given. 
 
 

M1 p2/p1 p02/p01 

1.8 3.6133 0.8127 

1.9 4.0450 0.7674 

2.0 4.5000 0.7209 

2.1 4.9783 0.6742 

2.2 5.4800 0.6281 

2.3 6.0050 0.5833 

2.4 6.5533 0.5401 

2.5 7.1250 0.4990 

 
 
(a)  18.4                 (b) 24.7               (c) 21.6               (d) 17.2 
 

33. A particle hanging from a spring stretches it by 2 cm at earth’s surface. How much will the 

same particle stretch at a place 800 km above the earth’s surface ? Take 2g 9.8 m/s  and 

eradius of earth,R 6400 km  

(a) 0.79 cm   (b) 1.58 cm   (c) 2 cm   (d) 1 cm 

 

34. A communications satellite is in a circular orbit of radius 2Re from the centre of the earth. The 

minimum ∆V required to double the altitude of the satellite is approximately ________km/s. 

Take Re = 6400 km and 3 2398600 km / s   

(a) 1       (b) 10   (c) 100  (d) 1000  
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35. Which of the following in-plane orbit change(s) is/are possible? 

(I)                                                                                                 (II)  

 

 

 

 

 

 

(III)                                                                                                         (IV)  

                                                                        

 

 

 

                                           

 

(a) only IV           (b) I & IV            (c) II & IV        (d) III & IV  

 

36.  To change the orientation of the orbital plane in space requires ∆V component _______to 

the plane of the orbit. 

(a) inclined at some angle                 (b) perpendicular  

(c) parallel                                          (d) None of the above 

 

37.  Calculate the velocity change (in km/s) required to equatorialize a satellite from a circular 

orbit of radius 600 km with an inclination of 600 .  Take Re = 6400 km and 3 2398600 km / s   

(a) 1053    (b) 7546   (c) 1.053   (d) 7.546 
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38. Consider the Lockheed SR-71 Blackbird flying at a standard altitude of 25 km  

(p = 2.5273×103 N/m2  and T = 216.66 K). The velocity of the airplane is 1003 m/s. The pressure 

measured by a Pitot tube on this airplane is____________ × 104 N/m2.  

(a) 38800   (b) 388    (c)3.88    (d) 16.7 

 

39. Air is stored in a pressurized tank at a pressure of 120 kPa (gage) and a temperature of 27°C. 

The tank volume is 1 m
3

. Atmospheric pressure is 101 kPa and the local acceleration of gravity is 

9.81 m/s
2

. Determine the density and weight of the air if the tank was located on the Moon 

where the acceleration of gravity is one sixth that on the Earth.  

(a) 0.1487 kg/m
3
 and 14.180 N     

(b) 2.5668 kg/m
3
 and 25.180 N 

(c) 0.1487 kg/m
3
 and 1.4180 N     

(d) 2.5668 kg/m
3
 and 4.1967 N 

 

40. A normal shock wave occurs in a nozzle in which air is steadily flowing. Because the shock has 

a very small thickness, changes in flow variables across the shock may be assumed to occur 

without change of cross-sectional area. The velocity just upstream of the shock is 500 m/s, the 

static pressure is 50 kPa and the static temperature is 250 K. On the downstream side of the 

shock the pressure is 137 kPa and the temperature is 343.3 K. Determine the velocity of the air 

just downstream of the shock.  

(a) 65.66 m/s    (b) 250.58 m/s 

(c) 125.28 m/s    (d) 433.29 m/s 

 

41. A high-pressure oxygen cylinder, typically found in most welding shops, accidentally is 

knocked over and the valve on top of the cylinder breaks off. This creates a hole with a cross-

sectional area of 6.5 x 10
-4 

m
2

. Prior to the accident, the internal pressure of the oxygen is 14 

MPa and the temperature is 27 ̊C. Based on critical flow calculations, the velocity of the oxygen 

exiting the cylinder is estimated to be 300 m/s, the exit pressure 7.4 MPa and the exit 

temperature 250 K. How much thrust does the oxygen being expelled from the cylinder 
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generate? Atmospheric pressure is 101 kPa.  

 

(a) 11336 N   (b) 27458 N 

(c) 4587 N    (d) 45559 N 

 

42. Methane enters a constant-diameter, 3 cm duct at a pressure of 200 kPa, a temperature of 

250 K, and a velocity of 20 m/s. At the duct exit, the velocity reaches 25 m/s. For isothermal 

steady flow in the duct, determine the exit pressure_______ N/m2, mass flow rate________ 

kg/s, and rate at which heat is added to the methane__________ W. Assume methane behaves 

as a perfect gas; the ratio of specific heats is 1.32 (constant) and the mean molecular weight is 

16.0.  

 

43. A converging-diverging frictionless nozzle is used to accelerate an airstream emanating from 

a large chamber. The nozzle has an exit area of 30 cm2 
and a throat area of 15 cm

2
. If the 

ambient pressure surrounding the nozzle is 101 kPa and the chamber temperature is 500 K, The 

minimum chamber pressure to choke the nozzle is ___________ kPa. 
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44. Plot of pressure p versus x for the case shown in Figure below is 

 

 

45. A jet plane is flying at 10 km with a cabin pressure of 101 kPa and a cabin temperature of 

20°C. Suddenly a bullet is fired inside the cabin and pierces the fuselage; the resultant hole is 2 

cm in diameter. Assume that the temperature within the cabin remains constant and that the 

flow through the hole behaves as that through a converging nozzle with an exit diameter of 2.0 

cm. Take the cabin volume to be 100 m
3

. The time for the cabin pressure to decrease to one-half 

the initial value is __________ sec. At 10 km, p = 26.5 kPa and T = 223.3 K.  

46. A helium flow with a velocity of 2500 m/s and static temperature of 300 K undergoes a 

normal shock. The helium static temperature after the wave is _________ K. Assume the helium 

to behave as a perfect gas with constant γ = 5/3 and R = 2077 J/kg·K.  
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47. A normal shock occurs at the inlet to a supersonic diffuser, as shown in Figure below  

Ae/Ai is equal to 3.0.  

 

Find Me =_________. Assume γ = 1.4.  

 

48. A body is reentering the earth's atmosphere at a Mach number of 20. In front of the body is a 

shock wave, as shown in Figure. Opposite the nose of the body, the shock can be seen to be 

normal to the flow direction. The stagnation pressure to which the nose is subjected = 

_________ kPa. Assume that the air behaves as a perfect gas (neglect dissociation) with constant 

γ = 1.4. The ambient pressure and temperature are equal to 1.0 kPa and 220 K.  
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49. A two-dimensional supersonic wing has the profile shown in Figure below. At zero angle of 

attack if the pressures in respective regions are: p1 = p∞ = 20 kPa, p2=33.208kPa, p3 

=11.3837kPa, the drag force on the wing per unit length of span at Mach 2 is ____________ N 

 

 

50. In a rocket nozzle of area ratio 8 to 1, combustion gases (γ = 1.2 and R = 0.50 kJ/kg · K) are 

expanded from a chamber pressure and temperature of 5 MPa and 2000 K. For a nozzle 

coefficient Ch equal to 0.96, the rocket exhaust velocity in space is __________ m/s  
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