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i L TR BCUIDARY LAYER OH A COXE IN 4 SUZZRSCHIC AIR STREAM

AT ZERC ZIGLE OF ATTAC:..

n
(Die laminare Gremnzackicht be! einem mit Uberschallgeschwindigieit
engestr@mten nichtangestellten reiskegel)

This report damonstrates thet the integratiom of the equations
for ths laminer boundary layer om a cons in ¢ supersonic alr

strezr. can be reduced to the equations for the flat plate. The

simrls reeult is ob /Zat ar the oone tbafbmmdary layer
/-

.
‘5 diffasrent byéﬁ-

to the plate /‘Thev mean
friction coefficient and the heat trarc<fer coefficient are

’ -
greater by ths factor % = Fian oS /lZLL '«J{/Lﬁ‘w
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If o clrcular-base cone !s plac

e superscnic axial flow, them
a conicel shoc: frant appears, behind egin potentlial flow is foumd,
a8 long 28 friction 1s not taten in‘o accmt. The flov behind the shoek
forme a coniczl £1e1d™; that ie to say, cometant pressure, density and

velocity are Yound aling 2l straight lines the apex.

Lov, let us disculs the lemipar boundary layer on the cons. Let the
axis 0° the cone be thu poeitive 1 axis of z Cartesian syctem of co-ocxrdinates,
vith the crex of the ~aone a8 its origin. Tet us introduce the spherical

co ord'netee r, * , ¢, by the relaticms:

x-rcoed, y=roeirdcoe¢d, z - reindeing .
\

* 4. Susemam: Drficze auf KegelfBmige Spitzem del Bolngmg xit
Trorschallgoschvindisteit. ZAMM, Volame 9 (1929), book 6, p. hgb.
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Lot 2 meridisn plane through the axir of the oome he deer:1bed by a palr of
lt.ﬁi@tnnu,onoa an the cono's swr®ace. Let U and ¥ be the velocity
oamponants in the moriiian plene, U in the direction of r and V perpeudisular
to this direction (Tigure 1). Due to the rotational symmetry, no camponent

normsl o this plane is found.

The differentiel equations for the™M.aminar boundary layer axd obtained
in the usual manner from *ho ogquatioms of motion for a viscous fluld by a
limiting process with respect to vemishing viscosity. If ve asswe here
that the oxder of the magnitudes appearing in the boundiry lesyer of the
oone 0 maintsined in the differentiation vith reepect to r, but that it
is decreased by 1 in the differentiation vith respect to 4 , then,
considering that the pressure on the surface of the cone is constent, the

differential equations becums:

(1)

vhere p denotes the demsity, 1 the eanthalry (heat contemt), A the & -rmal
conductivity, and u the friction coefficient of tir gas wnmder considereticm.
Let the gpecil.c hsat cp and the randtl rm.er o = i}%‘" be conetant.
A and u are tle well-imown functions of the temperature T, or of 1, vith
iacp T. The saxe holds for p since the yressure in the t ‘wmdary layer

is constant. |




Fig. 1

Section through the axis of a cane tn axiel flow vith compression shook.
tIk =nLocityalcngthes\n-faceofthoccminthepotutmnn
“ehind the shoc::.

Let us nov demcostrate that the integratian of equatiom (1) for the come
tn exial superscnic fiow cen be reduced to the integratioem of the
oquations ~or the laminar boundary layer on a flat plate. Vith the
Cartesian gyetem of co-ordinates, 2a positivy x axis of vwhish 1s
intheplate,t.heyaxiammaltothc plah,mﬁthomﬁﬁncfm

lies at the foremost poimi of the plats, those equetlions are:




(2)

Bere, p , 1\, p, c, demnote the same rignitudes as above. U, V are
thowlocitycwmﬂwdimtimofthaxandyma. Let us
demonstrete first that for the flat plate it 18 permissidble to avply

the esswmpticn whlch is correct for incampressible flow, to campressible
boundary layers also, i.e., u end 1 cre functions of the single indepindent
variable X = V&r . In a previous treatise®, we integrated *b. system
of equations (2) by escuming that 1 13 a Sunction of u rmly. However,
wvith the result thus odtained, wo could develop cur caloulstions for

u=u(x),zmdt.hana.lsofori=i(x).

fiow, 1f ve useu=u(x)am1=i(x),*;hmwe%&ﬁsdimtlyfm

v X
t._s secand equation of (2) that v bes a form of vuv,.Y_ . ¥With

that, the set of equations (2) io s+ ~naformod 'nto the system of commmon

differential squations:

(3)

* . Hantzache and H. Vendt: Zue Kanpreesibilithteeinfluss bei der
isminsares Grentachicht der sbamen Platie. Jahrbuch 1980 Ger doutachsn

Luf tfahriforechng, . 517.




* In order to demomstrzte thet tae imtegration of the eguations (1) can

alsc be reducad to o zyotem o the fore {3}, let us firet write in an

amalogous nammer U = U (X ) ard 1 = i {X ) vhare X 1is ocorrespondingly

asgummed to be
y r(é-vQ) X
& e = r Y - . £ i =
= (% (8-8 ) igata, v i-L—-l__r and one

cbteins the equations:

By a simple traneformatian of the dopendent and independent variables:

(X) - VY30, () =3 3w(i")--§ X Uf
we obtelin a aystem of the Torm (3):

%

The boundary conditions for this system of camon differential equatioms
on the surface of the cane ( X =« "lare U=0QWe0 (since Ve 0)
Mucomitimmior%,dnpmlingomthe wype of tho spacial
provlem. If the temperzture is predeterminsd, thanm 1 18 givem; 1f the




-6 =
. .

w’mhmu(—ﬁ—ﬁo 15 glvem.

ﬁ- = 0 for X = O correspomis to thethsmometer problem (mheated or
wossled oone}. Purthermore, U axd 1 at the edge of the bowmdary layer
Mmmmdmwﬂwmmm,ﬂxm&.

.hmtooande(ﬁ),wmefoMng
mammer. At the corresponding downdary oconditions:

we search for a solution of the J(lfferemtial equrtion (3) of the flat
-~ i,
plate. If this has the fom uew(X), v= 1 (X) , aod1=1%X),

V=

then wo obtain the solution for the cone in the fam

The form of this solution shows that as a functiom of X or X ,respectively,
the veloeit’ profile (u-comporumt) end the temperature profile in the boupdary
lq‘coftheplatocoimidovithwmthobmnﬁarylnyeratthocau.
However, for mmall 0-00,7&&)( mdiffermthy‘,[—r-m’
neglecting the chrsen co-ordimites. Thus the bdoundary layer oo the cone is
digtorted by the factar V-JT—- as ocmpared to the boundary layer om the

plate. The dspsndency of the emihalpy 1=0?Tuponnmthobow.ry

layer of the plate coincides exastly with that upon U in the cese of the oame.
~N




at the same X and r. Hw,momanfrictioncoetficimw
different by the factlor -‘§y§ onl:,ascm-edbothommforthe

plate, because of the differemt ruls af definitiom.

lecngﬂ!oftheplato,crlmgtho{mgmmtruaftho
surface of the cone.

Fimally, 1ot us state the effect an the heat tramsfer coefficlemt,
whick is amalogous to that on the frictiom coefficient. The local heat
tranafer coefficlent on the oane is greater by the faoctor ﬁ_ than that
o the 7late, the mean hest transfer sosffisient, by 5 I3 .

Thua,thamnltforthalmﬁmrbomﬂarylwmtheﬂatpl&hm
mmlmboappliadurvaﬂ:tot&nmmaWOmm
Hmmcmtmtwloeitymtheuurtmdﬁwmmwmm

Wmmimsmkistobe-ploﬂasmrefmmiv,
v, (Fgure 1).




