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some feel for this amount of mass injection in relative terms, 10 microslugs/second
is about 40% of the mass flow contained in a laminar boundary layer on a pure cone
at the axial station of the reattachment shoulder on t'as cavity rodels. (This boundary
layer mass flow was calculated from Reference 5 to be about 26.6 microslugs/second in
the present experiments.)
It was pointed out in the introduction to this report that the present investigation
was not designed as an exhaustive study of a large number of flow configurations, but
was intended to ancower a number of specific questions about a particular cavivy flow
with mass injection. It will perhaps be useful to conclude this section by
listing these questions:

(1) Are the properties of a hypersonic cavity flow with mss
injection sufficiently stable and well-defined to Justify
the initiation of a more general experimental program dealing
with various mixing layers at very high Mach numbers?

(11) How can the effects of mss injection and separation
shoulier height variation be cambined to produce a desired
pressu.e distribution in the cavity and downstream
of reattachment?

(141) Are there rvarticular combinations of ¢g and m, which
will completely remove, or substantially reduce the high

pressure peak found at reattachment in the basic cavity flow?

(iv) Do smll quantities of mass injection have a significant
effect in reducing heat transfer rates in a hypersonic
cavity flow, rarticularly in the critical reattachment region?

(v) Does mass ianjection have an adverse effect on wall heat transfer

rates downstream of the cavity reattachment shoulder?

(vi) Do small quantities of mss injection have a drastic effect
on the transition Reynolds number in a hypersonic cavity flow?





















Apparently, the injection of mass into the cavity allows additional freedom for the
flow to adjust to the misalignment. With no mass injection, the dividing streamline
is forced to close at the model reattachment shoulder. With mss injection, this
streamline is less constrainsd, and fluid can pass to leeward and out of the
cavity over the reattachment shoulder.

It was concluded from these results that the method of alignment was quite
adequate for the mass injection experiments. The downstream pressure taps were

used to align each model with m, = O , and this setting was held constant for

i
m >0 . The data of Figure 8 demonstrate that the model is being aligned in its

i
most sensitive condition vhen this procedure is followed.

The final tests run on model A investigated the effects of changes in tunnel
stagnation pressure. Taiese experiments led to a preliminary indication that the
flow over the entire model was laminmar, at least for moderate mass injection rates.
This conclusion was based on the following reasoning.

It is fairly clear that the variation of the pressure distribution on a
cavity model with mass injection must be governed by the wvalues of non-dimensional
parameters which give the amourt 8 of mass, momentum and energy being injected,
relative to some typical quantities in the shear layer. If mass is injected with a
specific total enthalpy equal to the enthalpy at the wall and with substantially
zero momentum, then the principal assumptions of Chapman‘'s theory have been satisfied.
This theory demonstrates that under these assumptions the flow is characterized by a
single parameter ;1 » which involves the mass inject.ion rate alone.

In the present experiments, therefore, we might expect that if the ratio of

the injected mss to some characteristic shear layer mss flow were kept constant,
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then the pressure distribution on the configuration would remain constant, provided
no significant momentum distortion occurred. The mass flow in the shear layer may

be characterized by the quantity

21'(1'R L1+L
pu -

¢ ,/-3_ ReR,e

where the factor in square brackets accounts for the change of the shear layer
thickness with Reynolds number in laminar flow. For a given model geametry, therefore,

we might expect the pressure distribution to be governed by the ratio

m, JRe, o my (L1+L)

or
u , u
pe e pe “e e

In particular, if ve vary only the stagnation pressure (affecting the density Pe
directly), the governing parameter is given by mi/ ﬁ: .

Accordingly, tests were run on model A varying both the stagnation pressure of
the tunnel and the mss injection rate in such a way as to keep the quantity mi/'[i:
virtually constant. The results are presented, with a large ordinate scale, in
Figure 9. It is seen that the maximum spread in measured pressure at any station is
+ 2% in the p, renge 300 to 600 psia. When similar tests were made at a stagnation
pressure of 800 psia, it was found that the similarity rule began to break down, the
pressure distribution in the cavity being lower than that given by Figure 9. This
could not be due to increasing injected momentum, since this effect would increase
the cavity floor pressure rather than decrease it. The most logical interpretation

is that transition was occurring between P, " 600 and 800 ppia; this would increase

T













































of the boundary layer in each traverse is believed to be due to slignt boundary
layer separation resulting from the normal shockwave in front of the probe, and
this interference effect has been mentioned in the third section of the present repért.
It is suggested that the shockwave from the probe interacts with the boundary
layer, thickening it slightly ahead of the probe. This would produce compression
waves to allow a more efficient compression of the flow reaching the probe. The
result would be an indication of higher values of pT/po than actually exist.
Evidence from schlieren photographs and cone boundary layer traverses in support of
this explanation is available in Reference 6.
Comparing the data of Figure 21 with those of Figure 20 it can be seen that,

as expected, the thickness of the boundary layer for m, = O 1is greater at the

i
downstream station than at the upstream station. However, with mass injection rates
of 4 and 10 microslugs/second, the boundary layer thickness appears rather smaller
downstream than near the reattachment shculder. Going even further downstream, the
data of Figure 22 show that the boundary layer thicknesses with mass injection are
about the same as those measured in Figure 21, in contrast to the data for m,‘l =0,
This behavior is believed to be due to the fact that there are two conflicting
factors affecting the boundary layer growth downstream of R , when mass injection
is used. One of these factors is the viscous effect, which will act to increase
the boundary layer thickness. The other effect is the decreasing thickness of the
layer bounded by the model surface and the dividing streamline with finite mss
injection. Equation (i4) shows that the dividing streamline approaches the wall

downstream because of the 1/r term resulting from the present conical configuration.

(We are assuming that this effect is not smothered by any decrease in the integral

32






























*A1jow0af Tepow Tauuny-puiM -1 aJanBid

1-69 IIX

SIHONI €0
: AV
ezmv .N.w . 4 wuongl A
00l = Q //
8, = q X « \\L\,V/
8 « - ¥ILINVHV N — -
w!S IN(+) N G Hid3d \Al S,
Py 1 a-'avy_ ALIAW
" YINYOD HOV3
JIMLIINNASIXY ST3GON 1TV
(] e
+ mﬁ_u.. _ . \HH
o ] ——l==

= .
n

L2



. S 1
0=/ = '@ y3m ‘‘ersd oon = om 3% Tapow A37A®D
2188q JaA0 Moy JO ydeaFojoyd uaIITTYRS 2 wnPrd

2-:8 IiX




¥

‘0= A\mw = W JOJ UOTINQIIISTP dInesAld

r=GH 11X

‘€ aumBtd

Vx Y
Ol 80 90~ 0 20 O 20- vO- 90- 80- o._ﬁo
|
| | | W
— lo.O
\'4
60
-10°1|
jl II.—.—
—2
(Z) 3ONINIIN D
8 v e
v °
NOLLO3N| :
B 30H-02'v  ° v
300N 1NIOd
1 1 1 | | I— ¢l



‘Os A\mu -'u uou

JUITITIII0D I9sURI} 393G JO WOIINQIISIA ‘4 3By

I— =57 I1X
/X,
02 Sl o'l 0 0 g'0- 0'l- G-
o " S
_
I I T — I 0
€92 °
NOIS3¥ SIHL NI
L M09y OVHIAY s
o
o'l
W00
Yy
| g
| | | | | 02

45



*punox@yosq Iyz Ul TIUUNY
-puim druosyadiy umyTay youl-f WITM U IJ Y3 LOIJ
1uBTd juswaInNsSBal MOTJ-sSsau JO ydeiSojoyd ¢ aamBrg

Geab 1iY

Lo



'V Tapom
aJnssold pus g Topouw agngsaxd ¢ tapow Jajsumil 38IY
012 03 3397 mard  STIpou [oUUN3-pulM ‘9 MnBTd

=54 IIX

I



20

MODEL A
€s_ =0
1.8f— 4

(K] o
49— 8

1.2

LIO—2

o8

0.6

X1I B -

Figure 7. Pressure distribution on mode. A, with
cS/L - 0.
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Figure /. Larinar sim!larity check.
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(a) m =0, cs/x. = 0.048.

(v) m =2 uslug/second, cslx. = 0.048.

(e) m, = 4 uslug/secom, cs/l. = 0.048.
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Figure 11. Typical schlieren photographs of flow
over model B with various values of m and cB/L.
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(¢) = =3 uslug/second , cs/L = 0.032.

(£) =, = 10 uslug/second, :.s/l. 17
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Figure 11. (continued).
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