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/'0-123.4-567489:%;,<,=5:<&35&=&%<,=:5.474%>8&7,5:16%5:4<:5&?:3=&%40<:>:16@536A%

=,=%0<,8&14A%B:C%0<&86C=&%=%=4.35<-=D&&%<,=:59%&%-3148&6'%041:5,%EFG(%H5<-6A%&35:=,@I,6%

&C%<,=:5.474%3401,A%34354&5%&C%5<:;%-?,35=48J%0:<84K%B4?=&A%8%=454<4K%.,B1@>,@536%3&12.9:%

7<,>&:.59% >,81:.&6A% 0:<:;4>.474% -?,35=,% &% -?,35=,% &C4B,<&?:3=4K% 35<-&% ELA% MA% NA% OG(% ),%

7<,.&D:%35<-K%0<4&3;4>&5%86C=4:%8C,&'4>:K358&:%35<-&%3%8.:P.&'%0454=4'%7,C,(%Q,%>4..9'%

3<:C4'% 3401,% 4B<,C-@536% C,354K.9:% 45<98.9:% C4.9(% R16% <,3?:5,% 04>4B.9;% 5:?:.&K%

&30412C48,1&32%C4..9:%':54>9%<,3?:5,%4B1,35:K%.:&C4B,<&?:3=474%5:?:.&6A%45<98,%0454=,A%

0:<:;4>.474% -?,35=,A% -?,35=,% &C4B,<&?:3=474% 35<-K.474% 5:?:.&6% &% 3% 5:?:.&:'% 8.:P.:74%

0454=,% ELA% MA% NG(% S,C8&5&:% 3<:>358% 89?&31&5:12.4K% 7&><4>&.,'&=&A% 0489P:.&:% '4I.435&%

=4'02@5:<48A% 04C8416:5% 0<484>&52% =4'02@5:<.4:% '4>:1&<48,.&:% '4>:1&% <,=:59% 3%



!414>:T.9K%.,-?.4-5:;.&?:3=&K%8:35.&=%UHVV-510238

<:,=5&8.4K% 35<-:K% <,=:5.474% >8&7,5:16% 0<&% <,C1&?.9;% -3148&6;% 4B5:=,.&6% 0454=4'%

3T&',:'474%7,C,(

S,33'45<:.,%C,>,?,%'4>:1&<48,.&6%0<435<,.358:..474%5:?:.&6%>16%31-?,6%4B5:=,.&6%

'4>:1&% <,=:59% 86C=&' 0454=4'% 7,C,(% S,3?:5% 0<484>&136% >16% 5:1,% C,>,..4K% 7:4':5<&&% EWG(%

$741% ,5,=&% .,B:7,@I:74% 0454=,% 8,<2&<48,136% % 8% >&,0,C4.:% H = 0..45ºA% ,% :74% 3=4<4352%

MX = 0,5..1,2. R,81:.&:% 8% =,':<:% <,8.61432% p= = 11!Y,(% S,3?:5.,6% 4B1,352% 0<:>35,8161,%

34B4K%D&1&.><A%8%D:.5<:%=454<4K%.,;4>&1432%&331:>-:'4:%5:14(%Z.:P.&:%7<,.&D9%<,3?:5.4K%

4B1,35&% 89B&<,1&32% >435,54?.4% >,1:=4% 45% C4.% 84C'-I:.&6% 0454=,(% "<,.&D9% <,3?:5.4K%

4B1,35&% ->,1:.9% 45% &331:>-:'474% 5:1,% .,% F[% =,1&B<48% 88:<;% &% 8.&C% 04% 0454=-A% >&,':5<%

<,3?:5.4K%4B1,35&%<,8:.%F[%=,1&B<,'(%Z%89?&31&5:12.4'%\=30:<&':.5:%&30412C48,1,32%3:5=,%

.,% B,C:% 7:=3,\><48A% 34>:<T,I,6% B41::% 4>.474% '&11&4.,% =4.:?.9;% \1:':.548 &%

4B:30:?&8,@I,6% >435,54?.-@ 54?.4352% 89?&31:.&K(% R16% -?:5,% \]]:=548% 86C=435&% 3:5=,%

37-I,1,32%.,%7<,.&D,;%'4>:1& [4]. 

Y,<,':5<9% >16% 89B<,..4K% '4>:1&% 5-<B-1:.5.435&% <,33?&598,1&32% &3;4>6% &C% 35:0:.&%

5-<B-1:.5.435&%.,B:7,@I:74%0454=,% 8% FAO^A% B1&C=4K% =% \=30:<&':.5,12.4K(%),% 35:.=:% 5:1,%

C,>,8,1&32%-3148&6%.:0<45:=,.&6(%Y<435<,.358:..,6%<,3?:5.,6%3:5=,%0<:>35,81:.,%.,%<&3(%F(%

S&3( F(%S,3?:5.,6%3:5=,%

R,..,6%'4>:12%0<4>-8,1,32%8%,\<4>&.,'&?:3=4K%5<-B:%0<&%C.,?:.&&%?&31,%!,;,%

.,B:7,@I:74%0454=,%MX_[A`%&%MX_FAL(%H5,5&?:3=4:%>,81:.&:%&%5:'0:<,5-<,%8%0454=:%B91&%

<,8.9%pX=124105 Y,%&%TX=310 K

H<,8.:.&:%<,3?:5.9;%&%\=30:<&':.5,12.9;%>,..9;%<,30<:>:1:.&6%>,81:.&6%04%>1&.:%

'4>:1&%<,=:59%0<:>35,81:.4%.,%<&3(%L(%
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S&3( L(%/C':.:.&:%>,81:.&6%04%>1&.:%'4>:1&%<,=:59

):=454<4:% <,3;4T>:.&:% <,3?:5.9;% &% \=30:<&':.5,12.9;% >,..9;% '4T.4% 4Ba63.&52%

5:'A% ?54% 8% <,3?:5:% 35:.=,% '4>:1&% 0<&.&',1,32 71,>=4KA% 8% 54% 8<:'6% =,=% 8% \=30:<&':.5:%

048:<;.4352%<,=:59%B91,%P:<4;48,54K(%

Z9041.:.4%3<,8.:.&:%<,3?:5.9;%>,..9;%3%\=30:<&':.5,12.9'&%>16%065&%<,C1&?.9;%

>,81:.&K%8%'4>:12.4K%=,':<:%0<&%T==477 K.

!,=3&',12.4% ,B341@5.4:% <,3;4T>:.&:% 3435,816:5% .:% B41::% [A[[[MA% 45.43&5:12.,6%

4P&B=,% ':.::% M^A% ?54% 7484<&5% 4B% ->481:584<&5:12.4'% 34458:5358&&% ':T>-% <,3?:54'% &%

\=30:<&':.54'(%

):>4<,3P&<:..,6% 38:<;C8-=48,6% 35<-6A% &35:=,@I,6% 84% 8.:P.&K% 0454=A%

;,<,=5:<&C-:536%.,1&?&:'%8&36?&;% 3=,?=48% -0145.:.&6A% >&3=,%!,;,%&% 45<,T:..9;% 3=,?=48%

-0145.:.&6(%),%7<,.&D:%30-5.474%0454=,%<,C8&8,@536%86C=&:%314&%3':P:.&6(%Q,%>&3=4'%!,;,%

<,30414T:.,%4B1,352%>4C8-=48474%5:?:.&6%3%5,.7:.D&,12.9'%<,C<984'%':T>-%38:<;C8-=489'%

0454=4'% C,% 45<,T:..9'% 3=,?=4'% &% >4C8-=489'% 0454=4'% C,% >&3=4'% !,;,% EVA% bG(% Y<&%

&C':.:.&&% -71,% 8.:P.:74% 0454=,A% 35<-=5-<,% 5:?:.&6% C,':5.4% >:]4<'&<-:536% &% 0:<:35,c5%

B952%43:3&'':5<&?.4K(%H5<-=5-<,%38:<;C8-=484K%<:,=5&8.4K%35<-&A%4B5:=,:'4K%>4C8-=489'%

8.:P.&'%0454=4'A%0<:>35,81:.,%.,%<&3(%MA%,%38:<;C8-=489'%0454=4'%- .,%<&3(%N(%



!414>:T.9K%.,-?.4-5:;.&?:3=&K%8:35.&=%UHVV-510238

S&3(%M(%H5<-=5-<,%38:<;C8-=484K%35<-&A%4B5:=,:'4K%>4C8-=489'%0454=4'%7,C,%3%B4=484K%

3435,816@I:KJ

1 - >4..,6%4B1,352d%L - .,B:7,@I&K%0454=d%M%- 432%3&'':5<&&%3401,d%N%- <,C>:16@I,6%1&.&6%

54=,d%O - 8&36?&K%3=,?4=d%W - >4C8-=48,6%4B1,352%3146%3':P:.&6d%V - 314K%3':P:.&6%.,%

7<,.&D:d%b - 45<,T:..9K%3=,?4=d%` - 4B1,352%3':P:.&6%C,%>&3=4'%!,;,

Y<&%38:<;C8-=484'%5:?:.&&%8.:P.:74%0454=,%3&12.4%>:]4<'&<-:536%8&36?&K%3=,?4=%

OA%-':.2P,@536%>4C8-=489:%4B1,35&%3':P:.&6(

S&3(%N(%H5<-=5-<,%38:<;C8-=484K%35<-&A%4B5:=,:'4K%38:<;C8-=489'%0454=4'%7,C,%3%B4=484K%

3435,816@I:KJ

1 - >4..,6%4B1,352d%L - .,B:7,@I&K%0454=d%M%- 432%3&'':5<&&%3401,d%N%- <,C>:16@I,6%1&.&6%

54=,d%O - 8&36?&K%3=,?4=d%W - >4C8-=48,6%4B1,352%3146%3':P:.&6d%V - 314K%3':P:.&6%.,%7<,.&D:%

35<-&d%b - 45<,T:..9K%3=,?4=d%` - 4B1,352%3':P:.&6%C,%>&3=4'%!,;,
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),%<&3(%O-V%1&.:K.9:%=44<>&.,59%45.:3:.9%=%<,>&-3-%89;4>.474%3:?:.&6%3401,(

,e Be

S&3(%O(%Q,8&3&'4352%45=14.:.&6%43&%&35:=,@I:K%35<-&%8>412%<,3?:5.4K%4B1,35&%.,%

<,C1&?.9;%<:T&',;%4B5:=,.&6J%,e ; Be

),% <&3(% WAV% 0<:>35,81:.9% <,30<:>:1:.&6% ?&3:1%!,;,% 8>412% 43:K% &35:=,@I&;% 35<-K%

0<&% 5<:;% <:T&',;% 4B5:=,.&6% 1:5,5:12.474% ,00,<,5,(% Y<&% 0489P:.&&% ?&31,% !,;,%

.,B:7,@I:74%0454=,%0<4&3;4>&5%-':.2P:.&:%,'01&5->9%&C':.:.&6%?&31,%!,;,%8%0454=:A%,A%

31:>48,5:12.4A%&%-':.2P:.&:%0:<:0,>,%>,81:.&6%8%B4?=:(%

,e Be

S&3(%W(%S,30<:>:1:.&:%?&31,%!,;,%04%43&%&35:=,@I:K%35<-&%.,%<,C1&?.9;%-71,;%,5,=&%

.,B:7,@I:74%0454=,J%,e% d%Be%



!414>:T.9K%.,-?.4-5:;.&?:3=&K%8:35.&=%UHVV-510238

,e Be

S&3(%V(%S,30<:>:1:.&:%?&31,%!,;,%04%43&%&35:=,@I:K%35<-&%.,%<,C1&?.9;%-71,;%,5,=&%

.,B:7,@I:74%0454=,J%,e Be%

Z% <:C-125,5:% ?&31:..474% \=30:<&':.5,% B91&% 041-?:.9% >,..9:% 04% <,30<:>:1:.&@%

0,<,':5<48% 5:?:.&6% 0<&% 8C,&'4>:K358&&% &35:=,@I:K% 35<-&% 3% 8.:P.&'% 0454=4'% 3% B4=484K%

3435,816@I:K% 5:?:.&6(% Y41-?:.9% <:C-125,59% 04% 45=14.:.&@% <:,=5&8.4K% 35<-&% 0<&%

<,C1&?.9;%0,<,':5<,;%8.:P.:74%0454=,%&%04=,C,.4%81&6.&:%0,<,':5<48%8.:P.:74%0454=,%.,%

35<-=5-<-%<:,=5&8.4K%35<-&(

H@3-5=$A30/9,0:9I

1. f3.489%5:4<&&%&%<,3?:5,%T&>=435.9;%<,=:5.9;%>8&7,5:1:K%gg%Z,3&12:8 h(Y(%&%><(d%04>%<:>(%

i-><68D:8, !(Z(%-!(J%Z93P(%P=(A%F``M(%– MbM%3(

L(% ",C4>&.,'&=,% 38:<;C8-=489;% .:&C4B,<&?:3=&;% 35<-K% g% Z(H(% h8>-:83=&KA% *(h(% hP<,548A%

h(Z(%/8,.48A%$("(%Y&<-'48(%-!(J%!,P&.435<4:.&:A%F`b`(%– ML[%3(

3. j:'P%!(R(A%)&13:.%R(%)(%h\<4>&.,'&=,%<,=:5A%!(J%/C>-84%k!&<lA%F`b`(%– OF[%3(

N(% i,1-7&.% Z(#(A% !4<>8&.D:8% "("(A% Y4048% Z(!(% !4>:1&<48,.&:% 0<4D:3348% 4B5:=,.&6% &%

-0<,81:.&6% ,\<4>&.,'&?:3=&'&% ;,<,=5:<&35&=,'&% 1:5,5:12.9;% ,00,<,548A%!(J%/C>-84%

!"#$%&'(%)(%*(%+,-',.,A%L[FF(%– OLV%3(

O(%+:148%/(h(A%/3,:8%H(h(%!4>:1&<48,.&:%5-<B-1:.5.9;%5:?:.&K%J%-?:B(%0434B&:(%H0BJ%+"#$A%

2001. – 107 3(

6. A Transonic and Supersonic Investigation of Jet Exhaust Plume Effects of the Afterbody and 

Base Pressures of a Body of Revolution. NASA-CR-149989, 1974. – 735 p.
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8. $3=48%Z()(A% +-1,5%Y(Z(A%Y<4>,.%)(Z(%/354<&6%&C-?:.&6%.:<:7-16<.474%45<,T:.&6%3=,?=,%

-0145.:.&6% 45% 43&% 3&'':5<&&% 38:<;C8-=484K% 35<-&% 3% 4B<,C48,.&:'% >&3=,% !,;,% //  
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