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SUMMARY

An experimental program was conducted in the Lewis Research Center 8-by-6-Foot
Supersonic Wind Tuunel to determine the flow characteristics of the Titan Forward
Skirt compartment vent. The test was conducted over a free-stream Mach number

range of 0.80 to 1.96 with the vent mounted in a flat plate. The plate was flush
mounted to the tunnel sidewall with coinciding center lines. Air was discharged
from a duct, located on the tunne] sidewall behind the plate, through a honeycomb
vent intc the free-stream. The test was conducted to provide data for the analysis
of the Titan Forward skirt compartment venting during ascent through the atmosphere.
Full scale simulated flight hardware, such as the honeycomb vent, duct, ("super-zip"
strip) explosive separation strip, corrugations and field joint ring were used.

Boundary layer thickeners were used to vary the boundary layer height and profiles.
The thickeners consisted of several rods which were fastened to a plate mounted

at the leading edge of the test section. The boundary layer height varied from

a maximum of 26.00cm at Mo= 0.90 to a minimum of 16.5lcm at Mo= 1.40.

The highest vent discharge coefficient for any given Mach number and vent pressure

ratio generally occurred at the maximum displacement thickness. With no vent flow,
the static pressures downstream of the field joint ring (includes the vent region)

were generally less than free-stream static pressure.
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INTRODHCT Jon

During ascent through the atmosphere . several compartments, in the Titan/Contaw
launch vehicle are vented overboard into the freestream, The venting auring thi-
section of the flight must be controlled in such q way that the compartment wails
are not exposed to excessive crush on burst pressures. In utilizing a vent sysr.
that will meet this requirement, consideration fust be given to the phenomenor. that
occurs at the vent outlet when the vented gas impinges the air stream moving over

the surface of the vehicle.

The interaction of the exiting jet with the externai

flow results in a local external pressure higher than that which would exist w:tn-

out the vent flow, ref. 1.

The need to include the geometric environment in the

venting characteristics Study is obvious, since it wil} affect the local ven:
Pressure, ref. 2, which is directly related to the vent flow rates. Other wora

has been done to investigate the effects of the exiting jet-freestream interaction
phenomenon, ref's. 3 through 9,

Jre of the compartments tob
skirt compartment which is 1
is vented through ducts runn
figuraticn consists of honey
downstream of a field Jjoint

This report documents the di
(6-2) honeycomb vent confiqu
A secondary objective was ta
vicinity of the vent.

The test was conducted in th
Tunnel over a range of Mach
consisted of a full-scale sij
flat plate attached to the W
section of shroud corrugatio
vicinity of the vent. Air w
wind tunnel freestream from
the backside of the tunnel w

€ vented during atmospheric ascent is the Titan forward
ocated aft of the Centaur boattail. This compartment
ing forward of the Centaur boattail. The vent con-
conb vents 12.70cm {5 in.) by 7.62cm (3.00 in) located
ring and upstream of the super-zip reqion.

scharge characteristics of the Titan Forward skirt

ration with various external environmenta) conditions.
¢ determination of aerodynamic pressures in the

e Lewis Research Center 8- by 6-Foot Superscni: Wind
nutibers trom 0.80 to 1.96. The test configuration
mulation of the honeycomb vent which was rmounted on a
ind tunnel wall. Also included were a full-scale

ns and other protuberences wnich are located in tno
as discharged through the honeycomb vent into the

the full-scale simulated duct which was mourtec¢ on
d]].
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SYMBOLS

pressure coefficient, (P1-Py)/q,

Vent discharge cocfficient based on one-
dimensional flow rate which assumes a static
pressure obtained from an average pressure
upstream (orifice 202) and downstream (orifice
204) of the vent when there is no vent flow.

Reference length, LREF=2.54cm(1.00 in.)
free-stream Mach number

local Mach number based on orifice 202
Local static pressure

free-stream static pressure

Vent pressure ratio, ratio of an average
pressure upstream (orifice 202) and downstream
(orifice 204), no vent flow. to duct pressure

free-stream dynamic pressure

Boundary-layer velocity ratio (local velacit:
to local maximum velocity)

axial distance from tunnel station &530. ¢~
(256.20 in.)-to-reference length where rovorore.
length. LREF=2.54cm (1.00 in.)

normal distance from trough of corruvated
surface

boundary-layer thickness, height of tne boundar,
layer where local velocity becomes 99 percent
of maximum local velocity

displacement thickness, a measure of det:riency
in mass flow tnrough the boundary-layer as a
result of the steam having been slowed by
friction

Shape factor - ratio of Jdisplacement thickness-
to-momentum thickness. Where momentum thickness
is the thickness of the freestream flow necessary
to make up the deficiency in momentum tlux within
the boundary laver
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APAEATHE,

i test installation in the wind tunne!l 18 shown in fiqure |,
Flush mounted to the tunnel sideviall with the centerline of the plate and tunnel
wall coinciding.  The plate was located 92.70 centimeters (36.50 in.) downstreoas
at o the boundary layer thickener piate, figure 1. Sections of full-scale simulated
Tight hardware such as the honeycomb vent, the shroud corrugations, aft field

Joint ring, and super-zip were attached to the plate, figure 1(b). The instailation
1 ihe boundary-layer rakes is shown in figure 1(.).

A schematic of the vent fiow system is shown in tigure 1(d). The Titan forward

skirt duct was attached to the backside of the tunne] sidewall. Air was obtainec
from the atmosphere. The flow rate was measured with a flow metering orifice aad
reguiated by a butterfly valve located upstream of the orifice.

fhe ploate wae

“etails of the test hardware are shown in fiqure 2. The test hardware was nLountec
on a flat plate 243.84 centimeter (96.00 in.) long and 121.92cm (48.00 in.) wide.
ine plate was covered with two corrugated sections, figure 2(b).
had 2 capped leading-edge, figure 2(c). The two corrucated sections were separated
oy a field joint ring, fiqgure 2(d). In the region aft of the corrugation the
“xplosive separation strip, ("super-zip strip) was simulated-detailed in figure
2(e). A view of the vent region is shown in figure 2(f). The Titan forward skirt
compartment is vented through ducts running forward of the Centaur boattail. The
Tital forward skirt vent is attached to the duct and used in this test. Details

of the vent-duct are shown in figures 2(g) and (h). Details of the boundary-layver
thickeners are shown in figure 3.

The corrugation
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INSTRUMENTATION

Static pressure instrumentation is shown in figure 4(a). The axial distance along
the plate, X/LREF, is given in Table I. Where X is measured from tunnel station
650.75cm (256.20 in) and LREF = 2.54cm (1.00 in). The boundary-layer survey rakes
are shown in figure 4(b). The boundary-layer survey hardware consisted of two
rakes. The larger rake had 19 probes and was mounted under the corrugation crest.
The lower five probes were concealed by the corrugation crest. The small rake

had 6 probes and was located in the corrguation trough. The two rakes surveyed

a 33.02cm (13.00 in) boundary layer depth. Normal distance from the corrugation
trough to each probe is given in the table of figure 4(b).

The boundary layer rakes were used to survey the local flow field and to measure
the boundary layer height. Rakes were located at tunnel stations 626.11cm and
and 628.65cm (246.50 in. and 247.50 in.) small and large rakes, respectively.
The small rake was 32.89cm (12.95 in.) above the plate centerline and the large
rake was 21.21cm (8.35 in.). The field joint ring instrumentation is shown in
figure 4(c). The duct and flow system instrumentation is shown in figure 4(d).

CONF IGURATIONS

A configuration summary is given in Table II. Two configurations were tested
with variation in the boundary layer thickeners.




RESULTS AND DISCUSSION

At cach Mach number a 2ero flow reading was taken with both the butterfly ane
gate values closed. The local static pressure to be used in the vent pre<.ure
ratio was taken as the average of the pressure upstream (orifice 202) and down-
stream (orifice 204) of the honeycomb vent. The vent pressure ratio, PE/P],

is defined as the ratio of the average local static pressure (at no flow
condition) to plenum pressure,

The local Mach number, t1}, measures at the honeycomb vent, for zero vernt €iuw
condition is shown in figure 5. In general, the local Mach numbcr showea oni/
small deviations from the free stream Mach numbe: .

The boundary-layer velocity profiles ure shown in figure 6 ovor the Mach number
range tested. A distortiin occurred in the profiles between the sixth anc
seventh probes as a result of using the two rakes; a small rake (firat six
probes) in the corrugation trough and & larger rake proturding through the
corrugation crest (with the seventh probe near the crest surface). The
velocity profile was used to obtain the boundary-layer pcrameters shown in
fiqure 7,

“wo boundary-layer thickener configurations were tested tc produce a variaticr
n the boundary-layer characteristics. Configuration 1 thickeners consisteu
of 4 vows of 12.7 (5 in) height rods (18 per row) and was used over a Macn
number range ferom 1.10 to 1.80. With this configuration the boundary-layer
parameters are generally higher than those for configuration 2, figure Z.
Configuration 2 consisted of 1 row of 12.70cm (5 in) height rods-and 1 row

of 7.62cm (3 in) rods with row containing 18 rods. Configuration 2 was testec
from Mach 0.50 to 1.96.

The efifectiveness of the thickeners in thickening the boundary-laver is shown
in figure 7(a). Configuration 1 had the thickest boundary-layer over the Mach
nutiber vange where both configurations were tested. Displacement thickness tor
the two configurations is shown in figure 7(b). Again, configuration 1 had tne
iargest displacement thickness. The boundary-layer shape factor is showr ir
Yigure 7(c).  Also shown in this figure is the turbulent boundary-layer shape
Tactor taken trom ref. 10, The deviation of the experimental data Trom that

of rei. 10 reflects the erfects of both the field joint rina and boundary-
Taver thickeners,

variation of the vent discharge coefficients with the vent pressurs ratic is
sheva e tigure 8§ toir the free stream Mach rambers investigatea., Also vre-
senied ror each contiquration is the Tocail Mach number tor the zaro vent
“low condition, Where both sets of boundary layer thickeners were used. tre
vent discharge coefficient was higher with configuration 1 weic: ' reduced
thicter boundary layer,

Pressure coetticiont distributions for zero vent “low ¢ id iy are Shown
Ficure 9. The pressures downstrear 0 the field ‘foint vint arg w tooam of

the explosive separation strip, ("super-zip" strip) were censorais. 1vss Lnan
freestrean static pressure over the Mack nunber rance tested.  witr the thichoer
boundery=layer, confiquration 1. the pressure rise aread of *ro field jeint




ring was generally lower. However, initially, the pressure coefficient for
the thicker boundary layer was higher. Downstream of the field joint ring
configuration 1, with the thicker boundary layer. had smaller pressure drop.

The effect of vent flow on the pressure distributions is shown in figure 10.
Generally, the effect of vent flow was to increase the pressure upstream
of the vent and decrease the pressure downstream of the vent.
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SUMMARY OF RESULTS

An experimental investigation was conducted i

8-by 6-foot Supersonic Wind Tunnel to determine the discharge coefficients
of the Titan forward skirt compartment vent. The test was conducted with
full scale simylated flight hardware over a freestream Mach number range

of 0.80 to 1.96 with the vent and corrugations nounted to a flat plate.

The flat plate was flush mounted to the tunnel sidewall such that the center-
lines coincided. Air was discharged from a duct through a honeycomb vent

into the freestream. Vent pressure ratio was varied from about 1.00 to
0.55.

n the Lewis Research Center

The following observations were made:

1. Generally, the vent discharge coefficient is affected by the boundary
layer characteristics. For example, an increase in boundary layer neighs
and/or displacement thickness resulted in an increase in the vent dis-
change coefficient. Where both sets of boundary layer thickeners were

used the vent discharge cuefficient was the highest for the thicker
boundary-layer conditions.

2. With no vent flow, the static pressures aft of the field joint ring
(includes the vent region) were generally less than freestream static
pressure over the Mach number range tested.
3. The effect of vent flow on the static pr
increase the pressure upstre
downstream of the vent.

essure distribution was to
am of the vent and decrease the pressure
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TABLE I. - TEST STATIC PRESSURE ORIFICES LOCATION

kegion Static Axial distance ratio
pressure X/Lyef
orifice no.
Upstream trough 100 -74.13
101 -68.13
102 -62,13
103 -56.13
104 -50.13
105 -44.13
106 -40.13
107 -37.13
108 -35.13
 J 109 -33.73
Field joint ring 300 -33.38
Field joint ring 301 -32.98
Field joint ring 302 -32.78
Jpstream trough 110 -31.88
111 -31.48
112 -30.48
113 -28.48
114 -24 .48
115 -20.48
116 -18.48
117 -17.48
v 118 -16.48
Upstream crest 200 -17.48
Upstrean crest 201 -16.48
Upstream crest 202 -15.58
Below vent 21.40 cm (8.41 in.) 203 -9.70
Below vent 7.11 c¢m (2.80 in.) 208 -9.70
Below vent 11.88 cm (4.67 in.) 209 -9.70
Downstream trough 119 -8.08
Downstream trough 120 -7.08
Downstream trough 121 -5.58
Downstream crest 204 -8.58
205 -7.58
206 -6.58
207 -5.08
Super-2ip 303 -3.51 |
Super-zip 304 -2.51 AJ
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TABLE 11. - CONFIGURATION SUMMARY

Boundary - layer thickener

Configuration
Symbol | Number
o] 1 4 rows 12.70 cm (5 in.) height rods (18 per row)
0 2 1 row 12.70 cm (5 in.) height rods
1 row 7.62 cm (3 in.) height rods (18 per row)

£ s e .
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(a) Schematic of test instaliation,
Fiqure 1. - Test instalfation in 8- by 6-foot supersonic wind tunnel. (Ail dimensions are in emlin, ).}




(b Test instatiation with 4 rows of 12,70 cm (5 In, ) boundary-layer thickener rods,
Fiqure 1, - Continued,
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fraure 1. - Continued

GATE VALVE

OUTSIDE
10 CONTROL ROOM S O—

, BURDING WALL
PNEUMATIC
OPLRAIOR ~—BUTTERFLY VALVI
10 PRESSURE REGULATOR B - orm
IN CONTROL ROOM - MASIRNG

TITAN SKIRT DUCT— D

FRELSTRIAM AIRFLOW

)

TUNNEL WALL

() vent tiow system.

Fiqure 1. - Concluded




437, R 2. 20 TUNNEL STATION. 568.25(223. 120 619704244 00) 650 754256, 201 68), 2268, 20

| | | -
d ]
| FIELD JOINT RING DETAILS, Fi. 2te)-+ | yent pgrans, Fis ,«,7 -hi+)
oo LT Tz 7~ SUPER Z1P)
y - DETAILS,
- f?fgcuﬂ SECEW omlls fig, 'ucv‘ g, 211
:_.f:.’: L%
e o (43, 00
7 DETAILS, Fig. 21(d)
:
—— |
t
s e e e e e e [  40.%. ..
l-— 203, 20 (80, 00! = 16 o0
() Assemibly of test.
Figure 2. - Details of test geometry. Dimensions are in centimétérs tin, ),
! T NERERAR Y it LY
! | RERERREREE RRGA
V] D : [ I T, N . .
i ooy [
!EL'mlamw
A !
I |
o™ ' 1 1
X I ! ! | |
! l S T A T
| Pl !
j cod
EEREREEEERENRN 1%
T e A A ; + 008l
S A A B A A gt‘;;'“’!ﬂ-m - (003 THK
; ; i TR o Heceot 41.0114 LU
‘ Lo [ T AT 2,72
[ SIS WU R I 0 1L I N - N ¥
SVALLEY OF CORRUGATIONS (@ 80 L8
DETAIL A

r SEE DETANR A
2.03 80 :

- RS (MU AR S

LR =2 A1,07 (M 281 RH1.

:i!" L 0740, 40 MIN,

) Coreamated panels and cross section details,

Fiquee 2. - Comtinued,




: t

=506 (2 00 ~CAP
awseon| ==

/J"f’—:‘—————-———j" =55
o7 P n MR HAR e

(¢! Leading-edae of corrugation details.

10 60

119047 ==mm 1.2740.50:

SR L
(6 Frele 0t ring getdils.
l. -
N 650. 7%

L300 s o (250,20

L

1 A oV TS0
L iaor 2o asae! toasex
Q08!

>

@) Super-21p ragion detants,

Figure 2. - Continyed,




(f) View of vent reglon,

- Continued.

Figure 2

e

i

i

i

,,

IS

)
S
.

T e b -



b —'—1

‘. o = 16,0016.300 -
‘ I 3 (1.1 = .\_,,

(g)vent details.

figure 2 - Continued.

k’ - 2«?{.%1 I

Leee 8%
. 00 oy /
2. 62) L CORRUGATIONS (0. 003

{h) Detans ot duct.
figure 2. Concluded.




1°UN) $13j3uinua) ut e suorsuaung .toc.s_u_.: Jaket-Ksepunoq jo speyag - ¥ anfiny

e N o)

Py | 8 -qod ¥4z !}
¢ , nNez- S L
(MOY YINNI) '0.03481 0T U i

GOY GIQVIUHI 0Z - (S VI € 1~/ -~

(MOY ¥1LNO) Q.03 81 .~ 010 EE
008 GHOVIBHLOZ - G DI 1~ @0 bt |
T

_ e oo @ S1OVdS 11 }
o - -4
— Y OB SIOVAS Ul v oivte SIWEE I L

i‘r VY W Y 4 r Y r r O —O O b “—5.0-
BB IS A S e e e s E Bl SIS 2 = st

[ 1E9r4




S BOUNDARY - LAYER

(2N

TUNNEL STATION
DISTANT ABOVE PLATE
CENTERLING

/

5~ ‘
=

3~

&d

\‘}‘SUﬂV(V RAKES
KN SUPER-ZIP -
\! “ 4
T - — A 7
~ CORRUGATIONS N -
\\
4 “ i M‘\\ \\\&
i 201-\\\ ‘\
200\ -
-\\\\\‘ m,?, \\ ~303
100 100 1 ALY R L
3 1Al S foe ot o 1/1’ =/t \ 304
Al (LB
0 1o 7""3: ]
0 1 "7—"1 2 _II
0 18- 121
J L) o
“FIELD JOINT RING {=) (&),
{a) Test instrumentation,
Figure 4. - Instrumentation.
\ 4
PROBE CENTIMETERS INCHES
1 0.254 610
2 0.762 0%
3 1270 0.50
4 1905 Qr
5 2. 667 .06
6 3, 55¢ 1.4
7 a5mn 1.8C
8 515 22
9 6. 985 20
10 8 82 3%
1 9.900 390
12 11,557 4.5
13 13,335 528
14 15. 240 6. 00
15 17. 780 7.00
16 20 R0 8.00
17 2. 860 9.00
18 21.940 11,06
19 33.020 13.00

628.65¢m 1247, 5C in° 626. 11 ¢ (246 50 ~

eLlem (8 35 n R8I (1285

(' Boundary-1ayer survey rakes,
fure 4 - Continuee




e

STATIC PRESSURE

arn
@28 OR::!;:‘!‘WCA“ONS
Q 508
), 575 @207 028

(c) Field joint ring instrumentation.

Figure & - Continued.

10 CONTROL GATE VALVE

ROOM - ~ -
=0 oursiot
PNEUMATIC e ====| |=========
@.__., - BUIDING WALL

OPERAIOR - =,
10 PRESSURE REGULATOR . ] - o BUTTERFLY VALVE
IN CONTROL ROOM - - _ ~ ORIFICE, FLOW
. MEASURING

3 UPSTREAM PRESSURE TRANSOUCERS )

30 PRESSURE *
TRANSDUCERS @ PRESSURE

TITAN SKIT DUCT Y @  THERMOCOUPLE

\

TOCONTROL  \
ROOM - ‘pﬁ - TUNNEL WAL

td) Duct and flow system instrumentation,

Fiqure 4 - Concluded.

ORIGINAT ». .-
OF oy, IS




CONFIGURATION
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