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EYFESCT OF JOULE HEATING OR HEAT TRANSMISSI.E AT THZ CRITICAL POINT

by

V. A. Polyunexiy

{Moscow)

The poesibility of reducing the heat transmission to the surface of a

body moving with hypersonic speed with the ald of a magnetic field created

in it wae investigated by I. Neuringer and W. Mcllroy L_].j. Y. Roessow L.Zj.

and R. Meyer L_j_j—.

It was shown that it is posible to reduce the heat

flows to a body by 20 to 25%, but to accomplish tkie there are necessary pow-

erful magnetic fielde (of the order of 3,000 gauss).

veg' Lot

consic:rution.

Bowever, in these in-

ions in calculating the heat flow the Joule heat was not taken into

This work was conducted for the purpoge of bringing cut the

influence of the Joule heating on the heat transmission.

] ® adeand

We will conaider al)l the physicml characteristics of a fluid (viscosity,

thermal and electrical conductivity, etc.) as being constant.

We will write

the equation of the magnetic hydrodynamice of an incompressible liquid

div V*=0

(V9 V" == = S VP o g Tl HT SO AV

divH* =0 .
otV x Hi* — vy rot (rot 1) =0

V') T" = xAT® +p, Vyp - @ 4+ 41

()

(rot. H »?

Here @ is the disslpative function, vy 1s the magnetic viscosity, =nd ¥

is the coefficient of heat conductivity

AL

ox, ‘' oz oz,
L i 1 (13)
e
m= i T o

P
Besides, we will use Ohm's generalized

law - , 1 .
1—5(5-‘.‘1'—-‘-"')(“) (2)

-.4“~ -
h
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Fig. 1

Xey: (8) lines of flux



We will consider the plane flov of a fluid 1in the vicinity of the
critical point. The outer conetant magnetic field E, we will direct per-
vendicularly to the surface of the body, and this surface we will assume to
be nonconducting (Fig. 1). In the system of equations (1) we will make the
usual simnlifications of the theory of the boundary layer, For evaluating
the magnitude of the magnetic terms one may make uge of the simplest single-
dimension flow of a fluid along a nonconducting wall in a transverse magnet-

ic fleld. The integration of the equations of induction

du® @

H, = dy ~ 4 Vi -—;{y—f—zo (2a)
with the doundary coniitionas on the wall Hy® = 0; dB;*/dy = 0 givee
. : VL
W R \‘— dn (Re= 0 (2v)

”Q

Here 8§ is t'e thicknes: of the boundary layer, L 1s some linear dimeneion,
and Ry, ie Reyncld's magnetic number. In limiting ourselves to Ry <<l we get
H, ) :
T, 7L )
From the equation div B* = ¢, taking into account the evaluation for

Hx‘ there follows Hp*

V o~

H, ’ (&)

We will introduce the dimensionless magnitudes
L] 1

E=z(2)*, n=y(°$)7. Cu— w7, v=vle) T )
| (5

H=So, p=rayt, T=T, (o0 3)
Let us introduce

Here 8, is the parumeter with the dimension sec™

the designations Ha Vm v
S= Gy P PN (6)

The eystem of equations (1) we will set up in the following fashion:

oH, aH,
+ an—~—- -+SB( "H"_a'i_)'*'Au
o, ‘oHg
55*0' 6q(u”“) 301:(65 ‘T?T)=
ou | o ) (3" a"t)_o 7)
a"‘+an—0| 5’-{(“”11) pa‘ 0% —_aT -
an, oMy \?
LT 0T o 1 &7 | 2 (T0a TR
by TV 654"'1"0"7’—"(011) Sﬂ( "'l)

mm -
FIB-r6n o 4oz a




Boundary conditions:
at the vall u'=v"=0, T°=T,", H,S =M, HS' =0, p’(0,.0)=p;  (7a)
at the edge of the boundary layer u'=az, V' =—ay, ’:"'Tﬂ. (7v)
In the dimensionless magnitudes the boundary conditions have the form:

at the wal)l u=v=0, T=T, ¢(a,v)?, p(0,0) = P.o (Pe8e)7?

He=0, Hy=1 (8)
at the edge of the bdoundary layer
u= ;.-.5- V= — %"q. T =Tg cp(agv)? (8a)

Let us introduce the function of the flowy = 51(7}) for the fluid and
G = &g(n) for the magnetic field. Then
u=t (M) v=—/(m) He=%'(m), Hy=—zg (9)
The temperature and nrepsure we will ceek in the form of an analysis
by degress of £ (limiting ourselves in this to members of the second order)
P=p+GE  (C=const), T =T,+(T,—To)0(n)+ §=o;(;,) (10)
Here Ty is t'e dimencionless temperature of the wall, and py and T, are
the dimensionless parametere of the retardation. The magnitude £ in the
first degree does not enter here because of the symmetry of the flow. By
substituting (9) and (10) in the system (7) we will get a system of ordinary

differential equatione =1 Spgg” = — 2C i
? ! e __f =0 9'+P/9',=
" —rg—1g =0 BE—rg=% A
S et P o — 2Pty = — 2CPf — PU™ + SBE™ (11)

The constant C we will determine by integrating along the wall the equa~

tion of the amount of motion of the nonviscous fluid for the comvonent of

velocity u, and we will get £
r=—{eok-—veoZ_

(12)
oH, aH
— SB [HQ(EDO)W_H](E. 0) 6—;-}}(]5 = const — -12-9 ai. ;‘;-}-S)
since in a nonviscous flow at the wall
o = —:.—E' D == 0 (126)

The influence of the magnetic fleld on the distribution of the pressure

at the wall near the cnpical point may be disregarded. Actually, we will

ATLTE301/1 4 2 3



coneider the expression for the Loreats force, From Mazwell's equ.-.tion

) z%rot. H* (12v)
and Ohm's law (2) it is sesn that the intensity of the electrical field %
has a component only along the axis = (since ¥* and H® lie in the plane xy).

The equation X* = O shows that 8H,  BH,

E, =} (-"'T —-‘-37'-) - (ull, —‘vll[) wconst  (124)

By making use of the doundary condition at the wall for V and B we get
X,z const = 0

In this way the lorentz for.e has the form g. (Vv® 1 B*) x H*.

But close to the critical point the diroctioﬁn of the velocity of the
flow nad the intensity of the magnetic field coincide., Therefore, the mag-
nitude of the Lu-entz force here is emall differing little from sero. Now
by comparing th. cxprcesion obtained for the distridution at the wall (12)
with the analogous expression in the case of nonmagnetic flow
P = oonst — :_ 2 | 13)

we get the connection

1
aF+)-f (e-9) ()
The third equation of the system (11) proves to \Ze an integral of the
second equation, Therefore we will not consider one of them,
The validity of the accepted evaluations (3) and (4) is confirmed by the
integration of the equations of induction and motion without simplifications
(see the esquations (25) and (20) of the report j_-lj).

The final form of the system of equations
1= =" +S3gs" =1
Pt —g/ =0, ° 0+ Pf' =0 (%)
07 + P[0y’ — 2Py = Pf — P — SPR™
The doundary conaivioas zor vhe runctions f, g, 03 and 02 will de
at the wall /=/ =g m0, gm—1, O m1, 86w (15a)

at the edge of the Youndary laver ‘ ' arn (1¢)
[=t 8m0  f=—x(3)

P 6561 ¢ 2 b




The conditions for 6) and 92 are obtained from Bernoulli's integral.

re0 ' ; ”,
190 T—] 24
[~

ors N {\'\:L' "
AN |

ernr 3 ' N‘-——]
{ ! d | i “J .

20 + 3 = ”» :
L] |

“" 76 7] ']
Pig. 2

The system of equations (15) with the boundary conditions (16) was inte-
grated numerically by the Runge-Xutta method on the electroniec computatiorn
pechine "Setun'® for different values of the parameter S and the values
B: 08 0 Pz 0.71.

sr wangent strees on the wall was computed by the formula

3 (0) wpm y=0 [npu= with] (169)

o u®
T = dy'

Consequently
) 17 (0)
17 ) (17)

LA
-

Bere zero in the subscriot points to the figure for the magnitude in the
absence of a field. In Fig. 2 it is seen that with the change ir the parem-
eter S from 0 to 1.5 there occurs a considerable lessening of the tangeatial
friction on the wall (up to 47%, see curve 1). This is the consequence of
the lessening of the taagential cowponent of the velocity under the influence
of the magnetic field, as & result there is a diminution ia m'mdhnft
the velocity on the wall, TFroms Pigs. 3 and & _there $s seen the change ia
the profiles of the components of the velocity u and v on the cl;nco ia the
paraneter 8,

The magnitude of the heat flow onto the wall is coxputed in the follow-
s 3

ing vay T h:‘.vT - R U
q.-k-.;L_.-. —HLT TN O -t Ol -

D-TT-63-91M1 } 2 [}



The curve 2 in Yig. & shows the change in the heat trapemissios cete
the wall with the increase in the parameter 8, The Jouls haat ia this ;lnt

1e not taken into consideration, “he ratio q/q, in this case has the fers
' ()
" T Q9)

w T Wk
[ ]

Curve 2 agrees with the results of the reports L-l, 2_7. Curve shows
the change in the heat flow taking the Joule heat into account., The ratle

q/qo in this case 1s expressed by the formla

S 01 = 0,(0) (20)
% {0 0T=w W

For simulicity in the computations it is assuned that
M - . Ay *  \ Y .
Tor:To' =75, z=(E)F (20a)

p

As seen f-oz= the granh in Fig. 2 the lideration of Joule heat leads te
an increase in tYw leat emission onto the wall as conpared with the case viere
the Joule heating is disregurded. However, this increase is insignificant
(of ths order of 5%). The greatest reduction in heat flow attained with the
value of the parameter S = 1.5 amounts to 20%. To this correspond, for szxam-

ple, the followinz yulues of gha‘nnrnmnt?:l of flov and maznetic field:

Z MR
2 A AN\ (28)
1) ;//‘ A\ SER rAB
:"”\'i N\l ‘.
g N B
. NN
P e — \
ne. ¢ 7 ! T R

In this way tke reductionin the heat transmission with the aid of a wag-
netic field for those parameters of gas which arise in the movemeat of a Vedy at
hypersonic speed in the lover layers of the atmosphers 1a mo\ effective.

In Fig. S there are constructed the profiles af the \onpont‘\\u L 3

(T = To) / (Tw=— Ty) for different values of 8 and for

Peremt® Logb
’ & Bered e 3, 90 O

AR O YR I ¢
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DETERMINING THE BASE PR2ZSSURE AND BaASE TRMPERATURE ON THE SUD-
DEN EXPANSION OF A SONIC OR SUPERSORIC FLOW
by
B. K. Tagirov

The article discusses the methoi of determining the Dduse pressure
and base temperature on the sudden exvansion of a plane or axially sym-
metrical flow, The method is based on the known method by Korst L-1_7. dbut
in contrast to hils method there is taken into account the non-isothermic
quality of the mixing, »nd it is exiended to cases of sudden expansion of an
axially syroietri o1 flow towird the axis of symmetry.

There 1s ' .- .c:ted a comuirison of the results of the computation with
the data of other suthors.

Sec. 1. Determining the B ase DPrecsure There is assumed the following
system of flow with four characteristic regions (Mg. 1):

region of flow to the region of sudden expansion (1);

region of exvansion of tke flow in the Prandtl-Meyer wave (2);

region of mixing of the flow bordering on the stagnant zone (3):

region of increase in pr-ssure in the end of the stagnant zone (4).

In solving the prodblem one makes
the following assumptions.

1) The static pressure is constant
in the region (3) and equal to the

vressure of the undisturbed core of

the flow, 1, e., p° = D Here and

20°

Flg. 1. (Ckayex = Jump)

further on the superscriot © desig-

nates the base pressure and temperature, and the subscript , 1indicates



the parameters of the core of the flow,

2) The base temperature T° is constant in the whole stagnant sone with
the exception of a thin hot boundary layer at the walls,

3) In the zone of mixing %:—;% :Q( = g-;). Eere T° 1s the tempera-
ture of retarduation ~nd ¢ is the factor of velocity representinz the ratio of
the velocity in the zone of mixing to the velocity of the core of the flow.

4) After the turn in the wave of expansion the profile of velocities of

the dboundary luyer is deecrided by an eaponential law

1

§=:=‘Pz- L=yld )
Bere [ , 1s the dimen=ionless ordinate and &, is the thi:kness of the

bouriary layer behind the wave of expanejion. It can be determined anproxi-
mately from the equation of continuity.

Just as in the revort L—lj the problem is solved from a joint considera-
tion of the flows of an elastic gas and an ideal gas, whereby by the latter
one understands a fictitious flow which has the same values ‘"1 and p%/p;
as the flow of the viscous gas wvith unchanged geometry of the channel or
the body around which the flow occurs.

On the boundary of this nonviscous flow there is introduced in the general
case an orthogonal curvilinear system of coordinateg XY, while the axis X is
directed along the boundary line of flow. In the zone of mixing of the vis-
cous gas there is introduced an analogous orthogonal curvilinear movable sys-
tem of coordinates x, y, which according to the assumption (see L-lj) is
somevhat shifted in the direction of the axie Y, s0 that X x, Y= y — Talx)
where y,(0) = o.

The approximation eolution of the simplified equation of motion in the
szone of mixing odtained in the report L-1_7 is written, taking into considera~

the assumption 4) made above, in the form:

TTATT-E3G1) 4 2 o



3=

_
v= 1+ et (=)l + i, ‘_S"(n-—p)'e ) @)

Hare the dimemionl:u coordinates

...I,' F)
n, = 0(2&‘#[(‘#‘)4‘9) ' n= C'l,. v % ) (3
[ ]
On the basis of g}perilental data in Xorst's work it is assumed

6 =12 2578 M, J($) =1 +ae ™, b constms0.17 (3a)
The value a is determined in accordance with the experimental dependence

which can be approximated in the following form:
6033 191033, 1= (1 -—%-..9'&—)/( _%) )

-

Here §,* and §,°* are the thir;}:neul of the dislodgment and the thickness
of the lose of the impulse in the boundary layer behind the wave of expansion.

We will s rime that thege empirical relutionships and the profile of ve-
locities are = . iC for the non-igothermic and the isothermic plane and axial-
ly symmetrical flcws.

The position of the coordinate asystem X, Y can be determined if one knows
the value p°. since the bYoundary of the idenl flov can be constructed by the
method of the charncteristics or some other apuroximation vrocess. |

The position of the coordinate system x. ¥ with relation to X, Y can de
-determined by one coordinate y, with the ald of the equation of the umount
uf motion, ‘

If one introduces Crocco's number C and the plus sign for the parameters
determinable on the boundary line of the flow of the sone of mixiag, which
borders on the core of the flov, thea for the plane flow the unknown relation-

ship will have the form . R
‘\,."'l,.""‘l.‘*‘(‘ ‘-c‘;)l“’xl""ﬁ‘ (C-[l-\-m]‘p) . 18)

Hore .

1
Lyl - \ Ak
K“"§ Pt Tl —0) —q'Ct " h ,_\. drell =)=~ o0 te)

F= 70/T° is the dimensionloss botiom terperature, and k ias ke adia~

PPOO0 a3y & 2 N
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batic curve. '
The valuey, 1s determined from the condition
| 1—9len 0, <L, (?)
where t¢y 1s a small magnitude,
Here and from here on the integrals J will have a double subscript--
the first will inaicate the number of the integral, and the secohd will indi-
cate to what line of the flow the integral refers. TFor the axlally symmet-

rical flow the magnitude Nm 18 set up in the form

N, == — I{l * m ©
Here ’ |
T
B, =(1 *(ao)'lz*'t c’:‘:. -
T2, 9,
A, -+ m' n? ¥ (2v, Feosyy) "l,. tos% ¥
22t (I — Ca®) Iy,
‘T"‘LG;S—\P:% +2(1 —Ce¥) Js, £ 9)
_[&fln,,z (1 —CiY) :::x“ 30’) 'I;K'
1
SN VR . v
ks S T T — 0) — iCat * e =5

3= ot e(l—9)— ¢

Byy, and y, there are 1ndica£ed the angles of inclination of the vec-
tors of velocity on the boundary of the ideal flow, resvectively, for the sec~
tion which is immediately behind the wave of expansion, and for the section
where the jump in density occurs. It 1e assumed that i‘n the 2one of mixing
of the viscous flow the angles of inclination of the vectors of velocity in
the resmective section will be the same ¥y = r}/8, and T = r2/52. resvective-
1y, the dimensionless radil of the boundary of the ideal flow for the two sec-
tions indicated above., It is easy to establish that if np = 0, then the cor-
resvonding exvresslons for By and A) are obtained by the replacing in the
above-written equations of the values )]plsz by 6/x. Such a transition will
be valid also for all the relationshivs following below. lLet us note that

here and further on the uvver signs are real for the case of expansion of

PTLUTTLERSY}Y 42 {1



the axinlly symmetrical flow from the axis, and the lower ones toward the
axis., TFurther, as in tle report [1_7 there are introduced into the con-
sideration two characteristic lines of flow in the zone of mixing: the line
of constant mass J und the demarcation line of flow 4,

The use of the equation of continuity enables one to determine the co-
ordina‘e of the line of flow J.

For the plane flow this relationshivp has the form

Ly - dy o Ta = (Ky—Ky)my . (10)

where
1

o % o 924y
ye x B gl 0y - GO 1““80 TGl - 0) = qiCat (11)

]

If i1nt- the stasn.nt zone there enter a supplementary mass of fluid
then this m2:.. <ho.ld be removed between the lines of flow J and 4, since
in the stagnent zone there should be maintained a constancy of mass
Gy-Gp=0 (1.1)
where Gb is the mass of the gas entering iuto the stagnant zone. The ex-

vression for the mase of zag removed between the lines J and 4 hae the form

8, p°k M 72— Cyut
Gy=-  PHli= = Cw I l.1la
d VkshTo' t (M) % (Ve Ju) ( )
where R is the gas constant; 'f(M3°) is the gag-dynamic function.

Analogous equations can be written for the case of axially symmetrical

flow,

The equation for determining nj

(T, £ 0, c0s4) (), — ) F cos g, U —~J) =N, (1.1v)
where N, = Tl’l,!Kx + 71,,’ €0s .\le\'a T (72"1, o, cos ) Iy, F
Feospd,, —7n K, + 1,2 cos ¥, K, (l.! c)
. . . . :
fe= —S»T’Tﬁl{nz?-w’ﬂ? ’ K‘=S‘0+¢n(i ?fcg-%‘cu' (1.1e)

®
The exnression for the mase removed between the lines J and 4

o SpkMe 21(1 —Ca?) x
Gy = VighTes (M) 1 Tt [(ran, £ n_cosdy) (1.12)

X (J35— Jia) F cos 42 (Joj — L))
P77 €3-01/1 4 < ,;\




In the end of the stagnant sone there occurs an increase in pressure in
an oblique jump in density. It is assumed that the intensity of this Jump
is determined by the parameters of an ideal flow p,/p° = f(Njp, 1‘),_).

I1f the doundary of theideal flow is established then the magnitude Vs
will be determined if one knows the section where the jump in density occurs,
i. e., if one knows x or Yo ny) which characterize the distance from the be-
ginning of the coordinates to the Jump.

For the case of the rlane flow the angley ., will be equsl to the angle
of devintion of the flow in the wave of exvansion in zome (2).

For thLe case of sudden exvansion of the axialiy syrmetrical flow from
the axis the position of the jump is determined from the intersection of the
boundary of the idenl flow with the wall of the channel /[ 1_J.

I1f, however, the sudden expansion of the axially symmetricel flow occure
towarde the axis, then the foregoing condition proves to be inapplicable, and
the position of the jump is avrroximately determined from the intersection
of the zero line of the flow (lower boundary of the zone of mixing) with the
axie of symmetry.

This conditd on can be written in the form

e (1.1e)
where fmin i1s the coordinate of the zero line of tke flow, which is deter-
mined from the condition @ (%, My, MNpin) < ¥¢+ Let us note that with such
an agsumption the thickness of the zone of mixing can be easily determined

t
£ (= ) .»o;:pzézh_ (h — pucora yeryna) (2 = helght of offset) (1.1f)

1f, however, a;round the plane or ring-chaped offset there flow to aif-
feren! currents, then the magnitude of the pressure bdehind the jump in den-
sity 18 determined from the condition of equality of pressures of the inner

and outer flows pz = P4 = Dy

F’!’b—'r’."-é}glll * 2 /3



Here and from here on the superryt 4 refers to the inner flow and the
suvarscript — to the outer.

As has alresdy been rentinoned above in the stagnant zone there should bde
fulfilled the condition of preservation of the mass. This conditica, vhich
enables one to obtair a solutiomn .f the vproblem, was provosed and successfully
opolied in the repcort [_1_7.

If one assumes thkat on the line of flow & the level of mechsnical en-
ergy is deterrined by the vressure of retardation P34. then pne may say that
with & full -onversion of the kiretic energy as & result of the reterdation

of the rortirlee in the region (4) there 1s obteined tlre static pressure

pb. i. e. . Pld.
Fad_ __ Ps
e » ‘ (1.2)
Thie also " ». =25 to be the closing condition for the case of sudden ex-

vansion of one flow,

From the condltlon of adiabatic retardation in a given point it 1s easy

to find

Paa® [ 94*Cas® ]‘% (1.2a)

A A EOR )

If the stagnent zone is open, i. e., if there flows into it (or from it)
a given mase of fluid Gy, then the coordipate of the demarcation line of the
flowv)y cun be determined from the condition (1.1). If the stagnant zone ig
opea, i. e., Gb =0, G; = 0, then Ba = W3- .

Let us now consider dbriefly what form the broblem closing condition vill.
have in the case of two different currents flowing zround a plane or ring-
skaped offset. In thie case clearly one should consider the model of an
open stagnant zone LT?_T. The coordinate pq of each flow 1s deternined
from the condition (1.2).

The closing condition here will be the condition of constant masgs in

the stagnant zone CitCatGo=0
(1.2v)
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The expressions for Gg were given above,
In this way one gsolves the problem of determining p° if one knows the
megnitude T°,

Sec. 2. Determining the B ase Temperature T° VWe will conmsicer, as

usual, that all the assumptions are valid which are made above in Sec., 1. In-
1tis1ly let us determine the specific heat flow q.

By agsuming that the mechanism of the turbulent exchange for the impulses
and the heat are identical (see L—jj) one may write at once

g = cpgpe o (1.2¢)

Fare cp 1s the heat czoacity, e is the density, and g is the accelera-
tion of the force of gravity.

Tre coefficlent of turbulent viecosity ¢ 1s determired from the expression
which was used in the report L-'lj in determirning the profile of the veloc-

2 2’:,_1 Y 0uitz0t (§) (1.24)

ities P

¥ith the use of the relationshivs of Sec. 1 after sone transformaticns,
we get the exvression for the specific heat flow through a esirgle area of the

surfece the generatrix of wvhich 1is the zero line of the flow (= 0)
‘p 1 o T 1 —
7= 7 ¥+ ae ), (0) M VRgRT T (Wo0) "5 (32, (1.2e)
For the line of flow wvhere @~0 the dimensionless coordinate will have

a determined value N2 Vmin® which wag discussed above. The magnitude of
the unknown T° can be establiched from the equation of the heat balance.
For the case of sudden expansion of the axially esymmetrical or plane flow

this equation can be written im the form

NI T poarot B (L.29)
Bere R i
N =8 2arn) 52 X oM., VigRT 75 (3)
) .
F— o9 1.2
jva +emm, 0(5F)., o (1-26)
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whereby for the plane flow & = 0, and for the axially symmetricsl flow i = i,
The average radineg of the zero line of flow ia indicated by r,.

In the fr.mework of this study it is considered that A and B are known
magnitudes determinable by the relationehip @' + Q = AT 4 B where Q* 1o
the reat passed with he blown gas, and ¢ is the heat passing through the

wall into the stagnant sone.
y /2

It 19 necessary to stipulate

e v /' that, although in principle the rag-
4
4]

a4 nitudes A and B can be determined,
,T/
Vd
rd
I Elidd

F (44 202 20
Fg. 2. v = 1.4, M= 2.025,7= 1.

to find them practically can involve

some difficulty, for examvle, such as

- is connected with the establiching of
QO ts the exverirent [ 5 /. @is the

coefficients of heat emigsicn on the
computation, and [Jis the comvutation

_ wall in the stagnant zone. They
L1 /.
may, bhowever, be apovroximately deter-
rined with the aid of the report / 4 /. But theee questions go beyond the
limit of the present study, and therefore they are not being considered. here.
In the case of flowing around a flat or ring-shaped offset of two dif-

ferent streams the problem of the heat balance can be written in the form

.- __ o GTe*t - T® oo °
T T P =N T P AT +’f (1.2h)
For the case of f)p = O the magnitude T° in case of sudden of one flow

—N-

is determined from the relationship

Te® —'T*

I— =AT°+ B (1.21)

Ir np = 0 and two different streams are flowing around an offset the
magLitude T ia deteruined from the equation

- T —T. Tet —T*
-1 .T'-- = []* -2 T + AT*+ B (1.2x)
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If one considers
A=0, B=0, ro‘z =ru.*z* Q1.22)
and disregards the difference in the physical characteristics of the two

streams it is vogeidle to obtain =z very simple formula for determining the

bottom tenverature Tpe '1'.".-.‘ {;o‘ /'7'.—-.)/( et ‘/F.‘-’)
° = TNT = — ._l’..__. 1 — e
¢ T* (To.' + Ao Te . + Ao To - (1.2m)

Here Ay;* and A3;- are the coefficients of the velocity for the undiz-

turbed core of the respective flowa.

Sec. 3. Resulte of Cooputatione and Comparieon with Data of Other

Authors  The rerults of the computetion of the base preesure p® in the
case of an c¢ffset arcund which is flowing a horizontzl stream, having My =
2.025 & ¥ =z 1.4, with different values for §)/h, are presented in Pig. 2.

Thelr cocmparleon with the experimental édata of the report L-Sj showe that

ﬁ‘ -
5 ‘t I—J/}"’ computation by the method expounded as
- pd well as the method of the work / 1_J glves
/ somewhat higher results, but from the
Nel&
040 / H22.025 viewpoint of practic-l application, the
700
? agreement can be considered ae satiesfac-
70— 2 ra N
ory.
Mg. 3

In Fig. 3 there are presented the re-
sults of the computation of the depencence of p°/p1 on ¥ where around “n off-
set there is flowing a horizontal stream having My = 2.025, k = 1,4, and
Np = 0.

In the comvutation there was used & constant appvroximated value for the
coefficient of heat emission through the wall in the stagnant sone. The
result obtained corresvonds qualitatively with the experimental data of the
report ]_—6_/- and with the computed date of the report [_-7_7.

The commutations of p° vresented for the case of the suddern exvansiom

T T 2

S va



of the axially symmetrical flow from the axis showed that in the first place
they find themsgelves in agrecment with the experimehtal and ccmputation data
of other suthors, and in the second place the computations can be mude with
the use of the formulas obtgined for the horiszontal flow,

Let us dwell now a little more in detail on the results of the computa~
tion of v° in the case of sudden exvansion of the axially symmetrical flow

towards the axie.

{
_ )
t(_" P
i % o
%, as o
(73 —-—“L'C-;,;Pv T "I °
=] i 0 °
' :, U S ____..14@'[’
| <
R o o J
LAY 26 7 , ""‘!'.J 22 M
Fig. 4, x = > . 4, O is the erver- Fig. 5. x = 1.4, O 1s the exver-

iment L.8_7, © is the computation, No iment, @ is the computation, No

=0, ¥=1. =0, %=1,

In Fig. 4 there are vresented the results of the computation of the mag-
nitude t/h representing the thickness of the zone of mixing in the section
where the jump occurs, #nd for comparison there are vresented the exveriment-
al data of the report Lfé_f. obtained with the flow around a missile. In
Fig. 5 there are presented the computation point t/h and the experimental
data of the asuthor of this work, obtained by the procescing of shadow pic=-
tures of a flow in a channel as depends on the "geom nunber determined by
ratio of the area of the channel cross section 11/!5.

Comparison shows that both in the case of external flov—ardund. and in
the case of sudden expansion in the chanrel towards the axis, the agreement
between the computation and experimentsal magnitudes of t/h can be considered

as quite patisfactory. This polnts to the fact that av-arently the method




proposed above for determining the location of the jump in density for the

case of sudden exvansion of the axially symmetrical flow towards the axis,
proves to» sufficiently acceptadble, at least for making engineering calcu-
lations.

The results of the computations of p® for these same cases considered
above are given in Fige. 6 and 7. Comparison with the corresvonding experi-
mental 'data shows thelr agreement is fully satisfactory. .

Here one should note that the corputatione msde with the we of the

2201
2 -Qf'-ﬁ—# - ‘ —] ; R °
018} —— 1Y et ) ! o
‘o i i 08
-0 —_— gé ‘3 N R q
‘—I ! l o o © 2ré 2
2L SR el SR Sl s 1Y °
I A I T O O 5
i [ 7 A YY) S J
< G 03 a8 az
Fig. 6. POz - (Pz—l. Pig. 7. X = 1.4, % = 0.0 1s
KMy b5
kz 1.4, (O is the exveriment [8_7, the exveriment. Computation of Np =
Computation of ¥y = 0, W=z 1, @ 1s 0, %= 1. @ 1s with the use of the
with the use of the formula of the of the horizontal flow, i} ie with
horizontal flow, L§ 1e wvith the uee of the use of the formula of the axially

formula of the axially symmetrical flow eymmetrical flow.

formulas for the horizontal flow =nd for the axially symmetricel flow give
noticesdly different results, and therefore in such cases where the exp.nalon
of the axially eymmetrical flow proceeds to the axis of symmetry, the compu-
tations, in all probability, muet be mude with the use of the formulas ob-
tained for the =xially symmetrical flow.

In conclasion let us note that all the coxputations were made with the -
asgumption thit n = 7 and f)py, = — 2 with the use of the tables of the auxil-

lary integrals J, K, F, =nd (P obtalned by computation on the electron com-



puting machine.

Entered April 11, 1961
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