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h=u+_;‘ —u+RT > dh=du+d(E—)=du+d(RT)

dh=du+RdT & Cp=(%) —> dh=CpdT & Cp-Cv=R
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Propagation of sound waves from a stationary point source
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Example 3.3

A supersonic aircraft flies at an altitude of 3000 m at a constant velocity of
650 ms~'. The aircraft passes directly over an observer who is stationary on the
ground. How much time elapses, after the aircraft has passed over the observer,

before the observer hears the sound of the aircraft? Assume that the average
speed of sound is 325 ms™.

Solution

The physical situation is shown in Figure 3.9. The observer located on the
ground at point G will first hear the sound wave generated by the aircraft at point
A. During the time interval required for the sound wave to travel from point A to

G, the aircraft travels from point A to B. The Mach angle, u, can be evaluated
from Equation (3.10) as

. 1 . a . 325ms™!
=sin7'{—=) =sin'[=) =sin~![==2"2_) = 30°
i (M) " (v) * (650 m s“)
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Mach line

AL 2 ////zzzz//4ddzz2z7z7z742440ddd4
G _

Figure 3.9 Sketch for Example 3.3

The distance from point C to point B is

__GC _3000m
tan . tan 30°

The time required for the aircraft to travel from point C to point B is

CB 5196 m
t= — = 7.
V 650ms™’ Jate

CB =5196 m
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continuity Hpi’r.dﬁ:() —  (p+dpA+dAV+dv)—pAv=0

dA-pAdvvAdpo-0 280, f+dv+d0—o
vop

P OMentum : Z}T‘:j‘[ﬁﬂdz’d@

PA-(P+dPA+d4 + P+%P d4=rch= p.Avdv

energy: jj[hnLg};ﬁcﬁ)— O—=dP+ ovah=0
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m=pAv=R—PTAv mec20. bl ogf a. con

0.5283P

m = x5x107 x1x~/1.4x 287x0.8333%x 280 =1.207x10°P.
0.287x0.8333x 280

%_UvjpdV+”pV.dA:O [[dv=m  [[pvda=m

m_dm_d(ij_dPri
dt dt(RT/) dt RT,

idPr +1.207x10°° P=0 = 20 ol +1.207x10°° P =0
o dt 0.287x 280 dt
200
— 0.2488 ddli[)r =-1.207x10°P, = —206.19 0 =dt =>t=— j 206.19 5
r 500 r
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2
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H =5Km —& P, = 54.05KPa

P
M=3—5Y 5102722 x10 ™" = P, =1.4712 KPa
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