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F—HESEPICEH T EHFBRREDEE
KT FHEB# (Yoshinori Inoue)

The weakly nonlinear progressive waves are studied, which propagate in a perfect
gas with the spatial distribution of the density and constant thefmoviscosity. As a far-
field approximation, a generalized Burgers equation is first derived by making use of
the method of multiple scales. A typical boundary value problem is here taken up, in
which the source begins to execute the unceasing sinusoidal motion at the time ¢ = 0 and
so radiates a harmonic wave train. When the acoustic Reynolds number is extremely
high, the exact solution of the generalized Burgers equation is easily obtained with the
aid of the method of characteristics and the equal-areas rule: In marked contrast to
the wave behaviour in homogeneous media, no shock may emerge in some cases, and
in the other cases the leading wave in a half-cycle may evolve into a triangular wave
and the subsequent wave train into a sawtooth-like wave, or may not completely, or the
wave may even diverge. The amplitude saturation does not necessarily take place in the

sawtooth-like wave.
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REL, widEEOABRHHTH Y, BH L FED) SO o4, t* = wt, 2* = koz
(ko =w/co, coldFHDMETD t =0ICHT2EFE) OLHICERITLLLTHS. v'id
HE, e(z) 3 co TR SNICBHEREEERT. YWodhid, ERIULS N GMEES
HERESHEZhENH (), T(z) (5(0) = T(0) = 1) &Fhid, &(z) = 1/p(z) = T(z)
DRGSR Y ILD. &, M = 2(uBBFETOWHEDRKM) 5 E Mach ¥, Re =
(7 + 1)couo/dw (I3 FDILH ) 3FE Reynolds HTH 3. £, (1) £ (QiIKk0T,
dz)=1&EF5E, BHOD Burgers HERICH S E2EELTEL.

(cf.) WIABERW - D LEALT 5 EF 25T 5 5BIERERE RO L) B—fbahik
Burgers FRRIZ X » THAE I N 5 [Ref.2].

u* = upf(wt*), z*=zollHBNT;
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BT H 2R TARDS AN ITIRE A48 DR U T, FEEM AR LTOW ARG PIcE
BEBSLTVSE. ZOLX, HAEES (z > 0) ILEWTEET S &, FEHRRZ I
ZFFD.
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t+27
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DIREEIND. DF D, EBOSICK I 2 EHRORMTHIENTHS. H 50, RIER

DA — 5 —T, HEk (FEOTERR) NEELTOI EERT.

—H IS EITS B FEE (FH) OTRVF—FEER, E=p(c)u’ iL&->THEXH
N5[Ref3]. Fh, TXNLVF—DREEE q i3, q=2¢z)En (n FEOEFTHEICHD I B
MR7 ML) IK&oTEZONS. BBHOHENEHRTEXZ5E (1/Re=0) 2EZ 5
ER(NIKUARUTHEATEIEICEST

t+27 t4+27m
[ adr=n [ captapi(e it = const Q
t t

8%, DFD, FOHEEESTH, AANEFENE X NF—ORRELE (=FHDREE (
sound intensity)) O BRFEMBEIIFA—TH 5. 17201, BEHEZBICIANIEE, TRO
BEREENSEIDNBIZONT/NSL TS,
SEIT, BO—HENIKEENE LT IVF—EFBEL LS. BEE L LT,
z+L
Ep =/ plz)u®(z,t)dz (tREET 5)
‘ 242w
= MZ/ - U?*(o,t — 2)dz
z‘r+21r
= M2/ U%(o,7)dr
= const. - (6)
=B5. BBEOESOLEOMEI, K (5) DHIEICEL LIS, B =const. ¥k E N
5.
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L35, MBREEER, X (7) OSMORICEFEBEEEH T HIT L0
X (7) &, —REEFOBIERERB BT AT 2 —HOoFBRERAUEE LTS
9,

BREZ#H  U0,7)=sin7, 7>0IHLT; (8)
&t U(o,0)=0, o> 0IC LT, : (9)

EWET BMEBMIE, /35 4 — 5 AV RERT
U=sin, {=71+o0osinf (10)

DEIICEES. 272 L,020, €>20&93. AADEIIC, o =1 THEBIFRX
N%[Refd]. ~RUKBOLGE, 0 =Mz (8= (7+1)/2) THAHN 5, BRKE ORI
i, 2, =1/BMTEZ SN 3. F—REIIUEIIH L TR, oidX (2) TEHRINTNE0T,

M(y+1) [* _do . 1i
2 / [a(a)]* ~ =

DEBEDHVES. JOLIHEREIBERIAL L (K 188).
BEEPEEINEGS, 0 > 1 T (10) BBMELZN, COBAICIR, CHhICEHE

BAAE T 5 & BPRB % O BB EIE & 5 B WM C & 3 [Ref5). SHEHA 0 < 0D

EDAMZE DB ONT, HEREORIE U, LROEX I3, |

Us=2Vo—-1/o | (12)
=2 (\/a — 1+ arcsin %) (13)

WD oI REILMEE EDBEIHAITE, BOZ OB IEHbWSE “SAHEK (ti-
angular wave) IZH#T9 5 (K28R) . 29 THLHAIKE, BREZABRNEKET 22
FTORETZDIHBBEERT T 5.
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W_;;- 0<7<m)

(-7 <7<0),

(7 =1 — 2n) (14)

TEZON5 “GEHRE (sawtooth wave) EHB. TOEX, 7 =1t—2(z = [ dz/e(w))
ThHBHNG, B CE LT, BRI 2r OB TS, SO i, bbAALERMEE
¢ ICBIT B SRR AT L. LichiaT, BAI & - T, AREOHEEN L2ED
RSN Y s Y

SE i, RFEABUFREOREORTOR GEERIE) OZEMAH~NTHLS. Ak
P E LT, OIOBESTLs=1+az) H(a>0)TEIAONIEEEEX 5. HGER
PRHEAHE (1) 1 M(7+1) > 40D, ZORMNBRIN TS bDETS. JOL
X HRBOFEERED, (2) & (12) &b

oc—1

14 vo

(15)

Ug =

SEEN

D&IHEABNE. 1KLL, v =[a(d=3n)/2M(y+1)], 0 = [1 - (1+ az)”?]/|v| T
Hb. BHITOLIBEEIT, 1/9< v <1 OHE, BHBEE m:iﬁf%&@ci%%ﬁa:ﬁéﬁ@“
5. ZOHBEIE, FoREOHRNBREOHRICELITEE-> TS (RI3BH) .
0<|v| <1/9 DBAR, BERE R = [1-3v— /(1 +v)(1+ 9)]/4|v] IZB O TRAE,
c=[1-3v++/1+v)(1+W)]/4v| IKBOTRMEELD, 0 =1/|v|(z = oo) TRHKT
3. v=03—HEEEOHAICHID, BERE L =218V TRROMICELLRIT
WY DO—&EIED. 5 —20HE LT, HEESIEHS = (1+az) " $(a > 0) DHE
#EZTHELI. TOHAITE,

zt—ooDEX, u, - 2Mv (16)

BB LARES. %D, ERICEEOBT, F—REOMEL, RS & UG
POHREDD BT 5.
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HEITKES BEREOHREEICK I 2EEORVORE (LEEIRIE) OE/b R
WKRHBIENTES (KN4B8R) . IHORESHBELT, p=1+az)™™(n>0) %%
Z&I. 0, v=0(4-3n)/2M(H+1)] >0 TN, RIIEERBICHETS. Z0&
X,(2) & (14) &b |

27rM1/T-l~"37<7%’—l_gil (n # Z)
2ug — oM [ noo (n= §) (0 — 0D & ) (17)
o ”pMﬂ7+U] "7y

5185, COHAICE, EERIBICE L TODHDWSEF (saturation ) HENES. v <0
D FRMBELRITE ST .

§4. IFREHHE ( multiple-scales &) NEWNTHBI-HDOERHE

H#IC, multiple-scales % F W T, —i{L I N7z Burgers FRBRERXAEB U122, 20
BREINTRESIERVEERBAE L TENTH A DKM ODWTHRILTH S
I. 27, BEREMELZEZEITHEDT, TE Mach B MICBL T

M<1 - (18)

TRTNER STV, HEEOHRIZFHL T, REROEUFERICITH ShbhiLin, 2
KIEUDRIT I ZDMENETN B EHET S &,

w K

w2<én+C) = O(M), 5— = O(M) (19)

pocy \ 3 PoCy Co

TRINIFTESTO. ZOFME, T2 Reynolds L Re ICB LT, Re > 1 THBAI L4 FE
B9 5. £, FE-RHRTEL, FOERER LAV E-THWBE D ETHIE, BrgEcsE,

c=2(Mz) (20)

DRIARE LT L. L EDRRE, (18), (19), (20) Db &iZ, —{t XN 7z Burgers HER;
pEINI. oI, BEERMR LD, MIZX 2 EHORIEROMENE S OREHERIC



REINBEHIZIE

1

— =0(1 21

Z=00) (21)
WY M- RERE SN, Lo T, e=0 ER B 80h0E, TOEFETIE, WEHFZT

WARREHRERBEIENTELAS.
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1. (e.n)FHEHiIcBIF 58 BKEEKA EEHEER
(v =n/2, M=10.01)
HBEBERCBVWTRHFERIER S QT W,

u/M
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B 2 SBEEEPRBEOFHBENC XI2HKEORE
(ZAm & EERKE)
p (x)=(1+ ax)"2 M=0.01, a=—0.005, 7 =1.4
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B3 B1IBFEHROAFERBEORIBER X 2E1L

(Dv=-1/8 ()v =-1/6 3)v =—-1/9 (4)v =—1/112
v =0 (—HBEHOHE)
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K4 B2HEROEEREBORBIER X 321t (v =1)
(Dn=2 (Hn=1/6 (3)n=1 (W)n=1/2 (5)n=0 (—HREHDOBHE)
(1272 L, o DB+ R AREVHBEOHEERERTOT, 0 =0(1)D &
CATRELVWERZEATWVWARL.,)



