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1. Air at 200 kPa, 127°C, and Mach number Ma = 0.8 flows through a duct. Find
the velocity, stagnation temperature and the stagnation pressure of the air. (5 Marks)

Solution Fluid :Air P=200 kPa
T=127C
Table A-1, A-2 at 400 K M=038
R = 0.287 kJ/kgK; k=1.395; Cp=1.013 kl/kgK
AR —VkrT = V(1.4)(287 J/kgK)(300 K)
Vel 1 = 400.2 m/s
To 2 \% =Mc = (0.8)*(400.2 m/s)
:;(;m/ 2 = 320.1 m/s Answer
i - To ~ T+VY2Cp = (400K)+[(320m/s)*/(2*1013J/kgK)]
o = 4506 K
= 177.6 C Answer
k/(k-1) = (1.013)/(1.013-1) = 3.5316
Po/P =(To/T)¥®Y - (450.6/400)""" — 0.6567
Po =(0.6567)*(200 kPa) = 131.3 kPa Answer

2. The Airbus A-340 passenger plane has a maximum takeoff weight of about
260,000 kg, a length of 64 m., a wing span of 60 m, a maximum cruising speed of
945 km/h, a seating capacity of 271 passengers, maximum cruising altitude of
14,000 m, and a maximum range of 12,000 km . The air temperature at the crusing
altitude is about -60°C. Determine the Mach number of this plane for the stated
conditions. (5 marks)

. T=-60°C
System: Air, Ideal gas % Sy ——
Analysis: M= Vic ' V = 945 km/hr
¢ = VkRT

Solution Velocity
Table A-1 for air: R

(945 km/h)*(1,000m/km)/(3,600 s/h) = 262.5 m/s
0.287 kJ/kgK

N33 Table A-2a at300K: k = 1.4

A 1| ¢ = VkRT = (1.4)(287 J/kgK)(273-60)K
vel = 287.9 mis

M1 M = Vic = (262.5 m/s)/(287.9 m/s)

avera = 0.9117 Answer
Fouden 1
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3. Air at 1 MPa and 600°C enters a converging nozzle
with a velocity of 150 m/s. Determine the mass flow rate

through the nozzle of the nozzle throat area of 50 cm?

Throat
A= 50cm?

. AIR
when the back pressure is 0.4 MPa. (10 marks) PR S ——
System: Air, Converging Nozzle ﬁi Zéo'\(’)”jg
Assumption: ldeal gas, Isentropic flow V1 = 150 m/s
Analysis: mDot = pAV at 2
P2 = Pe

If P, > P* then Pe = Pb
If P, <P* then P, = P*
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4. Air enters a converging-diverging nozzle of a supersonic wind tunnel at 1 MPa
and 37°C with a low velocity. The flow area of the test section is equal to the exit
area of the nozzle, which is 0.5 m® Calculate the pressure, temperature, velocity,
and mass flow rate in the test section for a Mach number Ma = 2. Why the air used
in the wind tunnel must be very DRY?

(10 marks) @ Supersonic Wind Tunnel
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TL=sree Converging-Diverging —
y\»umy’ﬂ;s\o AR ewﬁm?" ¢ How Vi-omes Nozzle %Z";L‘ga \
oo u=fy omd Tou=To ot -7 kg
Tablo A-3% of Mg=20: P _0.12920 aud I =0.595b
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