Type: DES

Q1. List the different types of pillars used in vehicles. Mention the function of each one. (2)

Q2. With the aid of a neat sketch, compare the “Kamm back”, “Long back” and “Blunt back”
designs of the rear body. (3)

Q3. A one-tenth-scale model of an airplane is to be tested at 20°C in a pressurized wind
tunnel. The prototype is to fly at 240 m/s at 10-km standard altitude. At the altitude of 10
km, the temperature is -50°C and air density is 0.4 kg/m3. What should the tunnel pressure
be in “kPa” to scale both the Mach number and the Reynolds number accurately? Use the
Table 1 for the required data. (5)

Table 1. Air properties at Standard Pressure

T. t o kg'm®  p, N - sim? v, ms T, ¥ P, slug/f® b - sie w, fit'ls
—40 1.52 151 E-5 0.99 E-3 —40 194 E-3 36 E-T 1.07T E—4
o 1.29 171 E-5 133 E-35 32 151 E-3 3ISEE-T 143 E—-4
0 1.20 180 E-5 1.50 E-5 68 134 E-3 376 E-T7 161 E—4
50 .08 195 E-5 .79 E-3 122 II2E-3 408 E-7 193 E—4
100 0946 2ITE-5 23DE-5 212 .84 E-3 434 E-T I4TE-4
150 0.835 238 E-5 285 E-5 302 1.62 E-3 497 E-7 307 E-4
200 0746 15TE-S 345 E-5 392 145 E-3 53T E-T 371 E-4
250 0.675 275 E-5 4.08 E-3 482 131 E-3 575E-T7 430 E-4
300 0616 293 E-5 475 E-3 572 120 E-3 611 E-7 512E-4
400 0.525 325 E-5 6.20 E-3 752 1.02 E-3 679 E-T 6,67 E—4
SO0 0457 IS5 E-5 1.77T E-3 032 089 E-3 741 E-T BITE-4

Q4. What are the requirements for accurate functioning of wind tunnel balances? (5)

Q5. What is induced drag? How does it affect the total drag for different car families? (3)

Q6. Based on the direction of flow, distinguish between the types of flow separation on bluff
bodies. (2)

Q7. lllustrate the interaction of the C-pillar vortex pair with the vortex from the separation

bubble in the cases of the fastback, notchback and square-back cars. (5)

Q8. A tennis ball with a mass of 57 g and a diameter of 6.4 cm is hit with an initial velocity of
105 km/h and a backspin of 4200 rpm. Determine if the ball falls or rises under the
combined effect of gravity and lift due to spinning shortly after hitting. Assume airis at 1
atm and 25°C. (3)



08 Properties of air at 1 atm pressure

| Specific Thermal Thermal Dynamic Kinematic Prandt!
. Fp Temp.  Density  Heatc,  Conductivity Diffusivity Viscosity Viscosity Number
Cp= ViEp: TG p, kgm? Jkg-K k, W/m-K a, mé/s ., kg/m-s v, m?/s Pr

=15 -150 2.866 983 0.01171 4158 x 106 8636x 106 3013x 106 0.7246

06 ‘_vé,/ -100 2.038 966 0.01582 8036 x 10 1.189x 106 5837 x 106  0.7263

/ " -50 1.582 999 0.01979 1252 x 10-® 1474 x 105 9.319x 106  0.7440

= -40 1.514 1002 0.02057 1.356 X 10-® 1527 X 105  1.008 X 105  0.7436

. -30 1.451 1004 0.02134 1465 % 10-® 1579 x 105  1.087 X 105  0.7425

\/ ‘ -20 1.394 1005 0.02211 1578 x 10-®* 1.630x 105  1.169 X 10-5  0.7408

S g 00 -10 1.341 1006 0.02288 1696 x 105> 1.680x 105 1.252x 105  0.7387

» 04 - SHDUER SN 0 1.292 1006 0.02364 1818 X 10-* 1729 X 105  1.338 X 105  0.7362

o 5 1.269 1006 0.02401 1.880 x 10°® 1.754 X 107 1.382 x 10°® 0.7350

T_‘—Fx/ 10 1.246 1006 0.02439 1.944 X 10® 1778 105 1426x 105  0.7336

C=7 VDR 15 1.225 1007 0.02476 2.009 X 105 1.802x 10® 1470x 105  0.7323

2" 4 20 1.204 1007 0.02514 2.074x 105 1.825x10° 1516x 105  0.7309

25 1.184 1007 0.02551 2.141 X 105 1.849x 105 1562X 105  0.7296

02f—F 1 =T 30 1.164 1007 0.02588 2208105 1.872x10° 1608x 105  0.7282

35 1.145 1007 0.02625 2277 X105 1.895x 105 1655x 105 0.7268

Re=Y2 _6x10¢ 40 1.127 1007 0.02662 2346 %105 1918x10° 1702x 105  0.7255

AT 45 1.109 1007 0.02699 2416 X105 1941 x10° 1750x 105  0.7241

50 1.092 1007 0.02735 2487 x 10 1963 x 105 1798 x 105  0.7228

0 J 60 1.059 1007 0.02808 2632x 105 2008 x 105 1.896 X 105  0.7202

0 ! 2 3 4 5 70 1.028 1007 0.02881 2780 x 105 2.052x 105  1.995x 105  0.7177
LoDIv

Figure 1 Drag and Lift characteristics for flow across spheres with air properties

Q9. On what factors does the size of the separation bubble at the base of the front
windshield depend? (2)

Q10. What modifications can be carried out on the roof of vehicles to reduce drag? (2)

Q11. How does the hood and front-end inclination affect the drag of cars? (3)

Q12. Applying Buckingham Pi-theorem to air flow across objects, derive the dimensionless
numbers characterizing the flow. (5)

Q13. What is Hysteresis Loss in vehicles? Enumerate the factors affecting this loss. (3)

Q14. Explain the different elements of a wind-tunnel in detail. (5)

Q15. With a neat sketch, show the development of a boundary layer on a thin flat plate. (2)



