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FIGURE 17–5
The temperature of an ideal gas
flowing at a velocity V rises by V2/2cp
when it is brought to a complete stop.
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FIGURE 17–6
Schematic for Example 17–1.

EXAMPLE 17–1 Compression of High-Speed Air in an Aircraft

An aircraft is flying at a cruising speed of 250 m/s at an altitude of 5000 m
where the atmospheric pressure is 54.05 kPa and the ambient air tempera-
ture is 255.7 K. The ambient air is first decelerated in a diffuser before it
enters the compressor (Fig. 17–6). Assuming both the diffuser and the com-
pressor to be isentropic, determine (a) the stagnation pressure at the com-
pressor inlet and (b) the required compressor work per unit mass if the
stagnation pressure ratio of the compressor is 8.

Solution High-speed air enters the diffuser and the compressor of an air-
craft. The stagnation pressure of air and the compressor work input are to be
determined.
Assumptions 1 Both the diffuser and the compressor are isentropic. 2 Air is
an ideal gas with constant specific heats at room temperature.
Properties The constant-pressure specific heat cp and the specific heat ratio
k of air at room temperature are (Table A–2a)

Analysis (a) Under isentropic conditions, the stagnation pressure at the
compressor inlet (diffuser exit) can be determined from Eq. 17–5. However,
first we need to find the stagnation temperature T01 at the compressor inlet.
Under the stated assumptions, T01 can be determined from Eq. 17–4 to be

Then from Eq. 17–5,

That is, the temperature of air would increase by 31.1°C and the pressure by
26.72 kPa as air is decelerated from 250 m/s to zero velocity. These
increases in the temperature and pressure of air are due to the conversion of
the kinetic energy into enthalpy.

(b) To determine the compressor work, we need to know the stagnation tem-
perature of air at the compressor exit T02. The stagnation pressure ratio
across the compressor P02/P01 is specified to be 8. Since the compression
process is assumed to be isentropic, T02 can be determined from the ideal-
gas isentropic relation (Eq. 17–5):

T02 � T01 a P02

P01
b 1k�12>k

� 1286.8 K 2 18 2 11.4�12>1.4 � 519.5 K

 � 80.77 kPa

 P01 � P1 a T01

T1
b k>1k�12

� 154.05 kPa 2 a 286.8 K

255.7 K
b 1.4>11.4�12

 � 286.8 K

 T01 � T1 �
V 2

1

2cp

� 255.7 K �
1250 m>s 2 2

12 2 11.005 kJ>kg # K 2 a
1 kJ>kg

1000 m2>s2 b

cp � 1.005 kJ>kg # K�and�k � 1.4
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Assumptions 1 Carbon dioxide is an ideal gas with constant specific heats
at room temperature. 2 Flow through the duct is steady, one-dimensional,
and isentropic.
Properties For simplicity we use cp � 0.846 kJ/kg · K and k � 1.289
throughout the calculations, which are the constant-pressure specific heat
and specific heat ratio values of carbon dioxide at room temperature. The
gas constant of carbon dioxide is R � 0.1889 kJ/kg � K (Table A–2a).
Analysis We note that the inlet temperature is nearly equal to the stagna-
tion temperature since the inlet velocity is small. The flow is isentropic, and
thus the stagnation temperature and pressure throughout the duct remain
constant. Therefore,

and

To illustrate the solution procedure, we calculate the desired properties at
the location where the pressure is 1200 kPa, the first location that corre-
sponds to a pressure drop of 200 kPa.

From Eq. 17–5,

From Eq. 17–4,

From the ideal-gas relation,

From the mass flow rate relation,

From Eqs. 17–11 and 17–12,

The results for the other pressure steps are summarized in Table 17–1 and
are plotted in Fig. 17–13.
Discussion Note that as the pressure decreases, the temperature and speed
of sound decrease while the fluid velocity and Mach number increase in the
flow direction. The density decreases slowly at first and rapidly later as the
fluid velocity increases.

 Ma �
V
c

�
164.5 m>s
333.6 m>s � 0.493 

 c � 2kRT � B 11.289 2 10.1889 kJ>kg # K 2 1457 K 2 a1000 m2>s2

1 kJ>kg
b � 333.6 m>s

A �
m
#

rV
�

3 kg>s
113.9 kg>m3 2 1164.5 m>s 2 � 13.1 � 10�4 m2 � 13.1 cm2

r �
P

RT
�

1200 kPa

10.1889 kPa # m3>kg # K 2 1457 K 2 � 13.9 kg/m3

 � 164.5 m/s

 � B2 10.846 kJ>kg # K 2 1473 K � 457 K 2 a 1000 m2>s3

1 kJ>kg
b

 V � 22cp 1T0 � T 2

T � T0 a P

P0
b 1k�12>k

� 1473 K 2 a 1200 kPa

1400 kPa
b 11.289�12>1.289

� 457 K

P0 � P1 � 1400 kPa

T0 � T1 � 200°C � 473 K



EXAMPLE 17–4 Critical Temperature and Pressure in Gas Flow

Calculate the critical pressure and temperature of carbon dioxide for the flow
conditions described in Example 17–3 (Fig. 17–19).

Solution For the flow discussed in Example 17–3, the critical pressure and
temperature are to be calculated.
Assumptions 1 The flow is steady, adiabatic, and one-dimensional. 2 Carbon
dioxide is an ideal gas with constant specific heats.
Properties The specific heat ratio of carbon dioxide at room temperature is
k � 1.289 (Table A–2a).
Analysis The ratios of critical to stagnation temperature and pressure are
determined to be

Noting that the stagnation temperature and pressure are, from Example
17–3, T0 � 473 K and P0 � 1400 kPa, we see that the critical temperature
and pressure in this case are

Discussion Note that these values agree with those listed in Table 17–1, as
expected. Also, property values other than these at the throat would indicate
that the flow is not critical, and the Mach number is not unity.

 P* � 0.5477P0 � 10.5477 2 11400 kPa 2 � 767 kPa

 T* � 0.8737T0 � 10.8737 2 1473 K 2 � 413 K
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FIGURE 17–19
Schematic for Example 17–4.



F=P.A +ρAVدر جريان هاي تراكم پذير عبارت  P

2
P زياد ديده مي شود. با نوشتن معادله بقاي مومنتم براي يك 

مسير جريان مانند شكل زير نشان دهيد اين رابطه چگونه  استفاده مي شود. سپس آن را بر حسب خصوصيات 
  پيشنهاد كنيد.*Fجريان به دست آورده و بي بعد كنيد. عبارتي براي 
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