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vortex regime is primarily confined to velocities of 10 fps and less
for the gas flow rates employed in this investigation. 
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Subject: Ventilated Cavity Test of a 3—inch Diameter Streamlined Nose

References: See page 17

Abstract: A ventilated cavity test of a 3—inch diameter streamlined nose
has been conducted in the 48—inch water tunnel. Tests were
conducted at 10, 20, 30, and 40 fps for dimensionless cavity
lengths (Lc/D) from approximately 1 to 4. The cavitating f low
was documen ted by video tape and still photography. The pur-
pose of the test was threefold namely (1) to approximate the
ventilation flow rate coefficient (Co) (2) to observe the
stability of the pressure control system as gas was added to

• the flow , and (3) to observe the approximate boundary be tween
the twin vortex regime and reentrant jet regime. The major
results are (1) the ventilation flow rate coefficient is
approx imatc l y 30% greater than that estimated for a quarter caliber
ogive nose , (2) the pressure control system is stable and (3) the
twin vortex regime is pril larily confined to veloc ities of 10 fps
and less for the gas flow rates employed in this investigation .

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~..L_ 

_ _ _  _ _ _ _ _ _



-2- August 2 , 1978
.JWH/DRS/WRII:ca c

Acknowledgments: This investigation was conducted in the Fluids Engineer ing
Department (FED) of the Applied Research Laboratory (ARL).
The FED is located in the Garfield Thomas Water Tunnel
Building of The Pennsylvania State University. The program
was suppor ted by the Naval Sea Sy stems Command , Code NSEA—
0351 (T. E. Peirce)

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— 3 —  A u g u s t  2 , 1978
J W I I / D R S / W R H / c ac

TABLE OF CON T!:N r s

Abstr act . 1

Acknowledgments 2

Table of Conten ts 3

List of Tables 4

List of Figures 5

List of Symbols 6

I. INTRODUCTION 8

II .  DESCRIPTION OF THE TESTS 9

2.1 Objectives 9

2.2 Test Procedures 10

III . TEST RESULTS 11

3.1 Ventilation Flow Rate Coefficient 11

3.2 S tabi l i ty  of the Water Tunnel Pressure .

Con trol System 12

3.3 Flow Regimes — Reent ran t  Jet and Twin Vortex 15

IV. RECO?~-IENDATIONS 16

V. REFERENCES 17

Tables 18

Figures  21



r ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~

Aug ust 2, 1978
JWH/DRS/WRH/cac

LIST OF TABLES

Table No.

1 Tabulation of Basic Data for Ventilated Cavity
Test of 3—inch Diameter Streamlined Nose (SN)

= 14.05 PSIA , Water Tempera ture  = 68 F) . . . 18

2 Calcula ted Val ues of C~ and Q — Quarter
Caliber Ogive (D = 3 ~nches) 19

3 Calculation of Q for Streamlined Nose (SN) . . . 20



—5— August 2, 1978
JWH / I ) RS/WRH / cac

LIST OF FIGURES

Figure Title Page

LA Initial Model Configuration 21

lB Final Model Conf igurat ion 22

2 Ventilation Air Flow System 23

3 Calculated Values of Q for a 3—inch Dia-
meter Quarter Caliber Ogive in the Re-
entrant Jet Regime 24

4 Comparison of a and a (Wade and Acosta
1966) 25

5 Reentrant Jet Regime on 3—inch Diameter
Streamlined Nose (Run 25 , ~ = 30f ps ,
P = 13.9 psia) 26

6 Twin Vortex Regime on 3—inch Diameter
Streamlined Nose (Run 23 , V = 10 f ps ,
P = 13.9 psia) 27

7 Proposed Model Design 28



• —6— August 2, 1978
JWH /DRS / W RII / cac

I • L is t  of Symbols

C
D 

Drag coefficient

C(~ Ventilation flow rate coefficient (E q. 1)

D Maximum diameter  of the body

F Froude number (E q .  7)

g Gravitational acceleration

• LB Bod y length

LC Cavi ty length

n Number of measured values (Eq . 17)

Cavity pressure (Eq. 13)

Noncondensable gas pressure in the cavi ty

P
G—S 

Gas pressure at saturation

Vapor pres sure

P Pressure at infinity

Q Volume f low ra te  of the vent i la t ion  air

Q Average value of Q.  (Eq . 17)

The 1th value of Q (Eq .  17)

D i f f u s e d  gas flow ra te  (Eq .  2)

Total gas f low r a t e  (E q .  2)

R Reynolds  number (Eq . 7)

s Standard  dev ia t ion  (Eq . 17)

S Relative standard deviation (Eq. 18)

V Ve loc i ty  at i n f i n i t y

Dissolved ~as content (Eq . 6)

8 Henry ’s law constant (Eq . 6)
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v K i n e m a t i c  v i s c osi tY  of t lie l i q u i d

Mass density of the l i qu id

Cavitation number based on cavity pressure (Eq . 10)

Cavitation nuirber based on vapor pressure (Eq. 12)

Subscripts

QCO Quarter caliber ogive

SN Streamlined nose
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I. INTROIMJCT 1O’

For several years the App lied Research Laborator’.’ (A RL)  has
conducted a research program on the cavity runnin~ ph ase of the
water entry phenomenon . This program is in s u pp o r t  of water entry
s tud ie s  at the Nava l Surface Weapons Center ( N SW C )  . The ART . con-
tributions to this program are concerned with the following two
bas ic probl ems:

1. When will  the entry cavity disappear or become small
enough so that the control surfaces and propulsor can
be actuated?

2 .  How does the drag coefficient (CD) vary with the cavity
l eng th—to—bod y length rat io (L

c/L B
)?

The tes ts  described in this repor t  are re levant  to bo th  problems
but were primarily conducted to determine a solution of the second
prob l em.

I
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I i .  DESCRIPTION O V T  lIE TESTS

2 . 1 Oh ~,_ c  I i ~‘es

In pursu it o t  an answer to the CD versus Lc/LB quest  I la indicated
in section 1 , ARL plans to conduct a ventilated drag study of a 3—inch
diameter cylindrical body with a streamlined nose. Prior to this study
it will be necessary to design a drag balance. In View of uncertanties
associated with such a design and with conducting tests in the !48_ iflch
water tunnel with large amounts of gas emission it was desirable to con-
duct a preliminary ventilated cavity flow test with the streamlined
nose alone .

The objectives of the test program were threefold:

(1) To approximate the ventilation flow rate coefficient (Cô) in
order to estimate the ventilation flow rate (Q) for varIous
velocities and cavity lengths (L

a
) .

(2) To observe the stability of the pressure control system as
gas is added to the flow .

(3) To observe the approximate boundary between the twin vortex
regime and reentrant jet regime . 

-.-• -__ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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2.2 Test Procedures

Au initial test was conducted util iZ in ~ a three—inch diameter
streamlined nose positioned approximatel y t o u r  inches  u p s t r e a m  of  the
vertical support pipe as shown in Figure IA . This configuration caused
significant disturbance to the cavity f l ow , with a cavity forming in
the wake behind the vertical support p ipe. To help alleviate the problem
a fairing was constructed aLout the vertical support as shown in Figure
lB. In addition , shortening the horizontal support further reduced
disturbances at the downstream portion of the cavity where most of the
entrainment occurs.

The system designed for the introduction of the ventilation air
is shown in Figure 2. There were two flowmeters connected in parallel
that could be used either independently or together. A pressure gage
was located just after the flowmeters for measurement of the ventilation
air pressure.

A total of 30 runs were made in the 48—inch water tunnel at
velocities from 10 to 40 fps and the basic da ta are tabula ted in
Table 1. The maximum ventilation air flowrate for the tests was
9.64 scfps . The test procedure was as follows:

1. The tunnel velocity and static pressure were first set for
the test conditions .

2. The ventilation air was then adjusted for the desired
cavity length while a video tape system recorded the cavity
behavior. Larger ventilation flow rates required both flow—
meters 1 and 2 to be used in parallel. For smaller flow—
rates flowmeter number 2 was used alone .

• 3. The freestrean velocity, static pressure . flowmeter readings ,
• flowmeter pressure , and cavity length were recorded during

the test

Graduated rulers were taped to the windows on both sides of the test
section. By sighting across the test section and aligning the two

• rulers the cavity length could be determined . The cavity length was
also measured from the images recorded by the video tape system. Photo-
graphs of the cavity were taken with both a stroboscop ic f l a sh and
continuous lighting during runs 20 through 30.

Several difficulties were encountered with the gas emission and
flow rate measurement systems . Recommendations to improve this system
are g iven in Section IV .

scrYm= standard cubic feet per minute i. e. cfpm at 14.7 psia.
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I I I. TEST RESULTS

‘3 .1 Ventilation Flow Rate Coefficient

The primar concern in this section is to present the ventilation
flow rate ~1ata for the streamlined nose and to compare i t  w i th  s i m i l a r
d a t a  f or other headforms .

It is convenient to express the ventilation flow rate (Q) in dimen-
sionless form ;namel y,the ventilation flow rate coefficient (C~ ) g iven by

C
~~~ V D 2 (1)

where V and D are the velocity at infinity and maximum body diameter ,
respectively. Flow rate data have been determined at ARL for a variety
of headf orms namely quarter—caliber ogives [lII— [3], zer o cal iber ogives
[lI—[3] and conical nosed bodies {41.

For a given flow state the total flow of gas 
~~~ 

entrained at the
trailing edge of the cavity is given by

• 

~~~~~~~~~~~ 
(2)

where Q and Q
~ 
are the ventilated gas flow rate and diffused gas flow

rate, respectively . Thus in order to determine the total gas flow rate

~~
T) it is necessary to know both Q and Q~. The f low ra te  can be mea—

sured d i r e c t ly but  QD is difficult to determine although Billet and Weir
1) ~~~ have been reasonably successful in calculating its value by means

of a diffusion theory developed by Brennen [5~~. Hence in order to determine
QT in the most direct manner it is prudent to conduct the test so that

(3)

and hence

(4)

In princip le Equation (3) can he satisfied if the cavity pressure (
~ C~is constant along the cavity and if it is set equal to the  gas pressure

at saturation (P
5
) that is

= P
G—S 

(5)

* Number  in b rn c k e t s  r e f er  to documents  in l i s t  of references.
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where P
~~

_
~ 

is given by h enry ’s Law

= a.-~ (6)

in which ~ is the d issolved gas content  and B is the Henry ’s Law
constant. However , Equation (3) can onl y be approximatel y satisfied
since the pressure does vary somewhat along the cavity . Nevertheless ,
Billet and W~ ir [1] [21 have shown that the aforementioned test procedure
works satisfactorily and has been employed to find C~ for ogives [11 —

[3} and cones [41.

The in ten t  of the (~ tests for the streamlined nose was to obtain
sufficient data in order to estimate the volume flow rate characteristics
of the nose over a range of flow states for the drag studies to be con-
ducted in the future . Thus, the aformentioned test procedure which was
emp loyed with the ogives and cones was not utilized with the streamlined
nose since it is very time consuming and in any case is significantly
smaller than Q. Instead the Q data for  the streamlined nose were obtained
by s e t t i ng  the tunnel pressure at a convenient level for each run and then
estimating the cavity pressure by a procedure which will be described
subsequently.

The C data for the ogives and cones have been correlated with an
equation o~ the form

C. = C Ra F
b (L /D)C (7)

V D
where R = Reynolds number =

V
1*?

F = Froude number =

\ g D

a , b , ~~~, D are constants for a given c o n f i g u r a t i o n

Of the three  models previously tested at ARL the quarter caliber ogive
(QCO) can be expected to be the best approximation of the streamlined
nose and will thus he employed as a basis for comparison. The correlation
fo r  the  QCO [3]  is

C
~~ QcO 

= 0 .32x  lO~~ R° 4 6  FO 2 6  (L
~

/D) ° ’~ 
(8)

anc the relation between a and L
C
/D for the QCO [6] is given by

—O 66a = 0.460  (L I D )  (9)
c C

in wh i c h  .T is the cavitation number based on cavit\- pressure (Pt
.) given by

p _ p
C 

. ( 10)
C

L . . ~~• • ..  . _~~~~~~~~~~~~~~~ • • ••_~~~~~~~~~~~~~~~~~~~~ ~
. • . • • . . . • 
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The va lues  of C(~ and Q for the QCO c a l t i c l a t e d  by means o E qua t  ion
• (8) for a 3—inch diadeter nose f o r  ve L o c i t i e s  f r o m  l 0 f p s  to 6Ofp s  and

fo r  v a l u e s  of Lc /D f rom 1 to 12 are t a l)u la  t ed in T a b l e  2 .  The Q it t i
of Table 2 are plotted in Figure 3. All  va lues  of Q correspond to the
c a v i ty  p res su re  (P C

)

In o rder  to compare the measured s t r eaml ined  nose data with that of
the QCO it is necessary to correct  the measured values  of Q at one—atmosphere
to cavity pressure . It is thus necessary to estimate 

~C 
for the stream-

l ined nose since it was not measured. Analysis of data for a nose which
is quite similar to that of the test nose indicates that

a = 0.456 (L
C
/D)° 292 (11)

where a is the cavitation number based on vapor pressure given by

a ~~~~~~~ (12)
½DV

Since the cavity pressure is given by

PC = P G + P V (13)

where 
~G and are the noncondensable gas pressure and vapor pr essure,

respectively it follows that

a < a  . (14)c v

We thus need an est imate of the re la t ionship  between a and a . To
obtain this estimate we employ some piano—convex hydro~ oil da~ a of
Wade and Acos ta [71 plotted in Figure 4.  It is seen that these data
are approximated by the relation

a = 0.8333 a . (15)
C V

The measured values of Q at 14.7 psia for the streamlined nose
were corrected to cavity pressure by employing Equations (10), (11)
and (15) and the  c a l c u l a t i o n s  are tabulated in Table 3. The runs of
major interest are those corresponding to the reentrant jet regime .
E x c l u d i n g  twin vortex regime data  (Run #5) and Runs #1 and ~lO because
of s t r u t  i n t e r f e r e n c e  and averag ing the remain ing  runs indicates  that

~SN =1. .3 
~QCO 

. (16)

The standard deviation (s) is defined as

- ~~~~~~~~~~~~~~~~~~~~~
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2 
. (17)

See for example page 198— 199 of R e f e r e n c e  [8]  f o r  the  d e f i n i t i o n  of s.
The relative standard deviation in percent (S) is defined as

s~~ 
x 100 . ( 18)

Q
S was calculated and found to be 46.5~ which indicates a rather broad
variation in the data about the mean. This is perhaps not surprising
considering tha t  the e f f e c t s  of were ignored , that ac was estimated
and that LC/D is basically an inaccurate measurement .

Applying Equation (16) to Equation (8) yields the estimate

C
~~ SN 

= O.42xl0
4 

R°46 F°~~~
6 (L

c
/D) ° 7 4  . (19)

Equation (19) together with~ the data in Table 3 provide sufficient
F information for estimating Q for  the s t reamlined nose .

3. 2 S t ab i l i t y  of the Water Tunnel Pressure Control System

The emission of gas into the  water  can inf luence the control of the
pressure level. It is of course necessary to be able to control the
pressure during a ventilated cavity test and it was therefore important
to observe the stability of the water tunnel pressure control system during
the gas emission tests. In general , it can be stated that the pressure
control system was very stable over the entire range of test conditions
displayed by the test data in Table 1. No instabilities were observed
over the time spans investigated , one of which wa~, over two minutes
at 9.4 scfpm . For all cases , the time spans were significantl y grea ter
than that necessary to obtain force measurements. 

~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -~~~ - • 
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Flt~~ Reg imes - Reentrant Jet and Twin Vortex

The t r a i l i n g  edge region of a cavity f l ow prod uced by vaporous
cavitation is characterized by the so—c alled reentrant jet. However ,
ventilated cavity flows are characterized by two flow regimes; namely,
the reentrant jet and twin vortex [9]. The twin vortex regime can occur
for a ventilated cavity flow if the gravitational force vector is not
parallel to the direction of motion .

Both flow regimes were observed during the ventilated cavity f l ow
test with the streamlined nose and photographs of typ ical examples of
the reentrant jet and twin vortex flow regimes are shown in Figures 5
and 6. In general , for the gas flow rates emp loyed in this test program ,
the twin vortex regime occured at velocities of 10 fps and less. 
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[V REC0~ IENDA T IONS

It  is suggested t ha t  the f i na l model design be s t a t i e a l l v  t e s t ed
before installation in the 48—inch water t u n n e l .  In th i s  way , the entire
system includ ing the flowmeter assembly and all interconnecting plumbing
could be checked out for the flow rates required during water tunnel
testing .

• One problem with the present model design is the possibility of
choked flow at the ventilation holes. A model configuration which will
remedy this problem is shown in Figure 7. The ventilation air is directed
through a slot between an adjustable nose and the afterbody . The aft
section of the nose is threaded where it joins the afterbody . The slot
wid th can be varied by screwing the nose section in or out. Thus, the
maximum ven t i l a t ion  flow ra te  through the sl ot can be var ied quite easily.  
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I’ABLE 1 TABULATION OF HAS IC DA’l’A FOR \‘EN’I’I LA’l’[[) CAV IT?
rEST OF 3— INCh DIAMETER STREAM!.! NE!) NOSE SN)

= 14 .05 PS IA , Water Temperature = 6S ‘)

Run V.0 P , at  1~\ Q2 at P.~ Q at 
~A ~ at PA— S 1’F L ID Re m e

Number FPS I ’SIA CFPM CFPM CFPM CFPM PSIA C g

L~ 30 13.3 — 3.31 3.31 3.16 18.75 1.4—3.4 RJ

2 30 13.8 3.85 2.03 5.88 5.62 29.45 3.1 RJ

3 30 13.9 5.75 2.49 8.24 7.88 38.45 3.7 RJ

3 30 13.9 9.55 — 9.55 9.13 45.25 4 . 1  RJ

5 10 13.7 — 3 . 6 9  3 . 6 9  3.53 20.55 3.0 TV

6 10 13.8 — 1.00 1.00 0.96 14 .35 2 . 3  RJ

7 10 13.8 2.16 2.16 2.06 16.25 3.1 RJ

8 10 13.8 2 .67  2 . 6 7  2 .55  17 .45 3. 4 RJ

9 10 13.7 — — — — — —
10* 20 13.7 — 2.42 2.42 2.31 16.55 1.7—2.9 RJ

11 20 13.8 4 .40  2.58 6.98 6 .67  33.15 3 .4  RJ

12 20 13.8 9 .75  — 9 . 7 5  9 .32  46 .45  4 . 3  RJ

13 40 18.0 8.95 — 8.95 8.55 4 4 . 4 5  3. 1 RJ

14 40 18.0 9.80 — 9.80 9 . 3 7  4 7 . 6 5  3. 4 RJ

15 40 18.2 10.09 — 10.09 9.64 48.65 3.7 RJ

16 — 30 Photographic Data Only

V = Velocity in test section at

P = Pressure in test section at

= Volume flow rate as measured by me ter ~l

92 =yol~
1me flow rate as measured by meter #2

Q = Q
1

+ Q
2

= Local atmosp heric pressure = 14 .05  psia

= Standard  a tmosp her ic  pressure  = 14.7 psia

= Pressure  at f low meter

= Cavi ty  leng th  measured f rom video tape

1) = Maximum body diameter

RJ = R e e n t r a n t  j e t

TV = Twin vortex

*St rlj t  In t e r f e r e n c e



‘-
~ 

-. ~~
, ‘ 

~~~~~~~~
--

— 19— t h g u , t  2 , 197 8
.IWII/DRS/WRII/r, c

cc cc ~n c t  (f’t CC CC r~ ~~ o c~
c-I cc C ‘— (ft C” “~‘ ‘C C’ —

C —1’ CC CC .“ u’~t (j~t -1 — ‘C C
C)’ . . . . . . . . .

— cc —i’ C ‘.0 — ~c .0 o ttt
-~~ CS fl ~C- —T -T f ’  f” ‘C C

cc

5 — — r— ,—. -
—‘ C ‘C ‘ ‘ T N’ cC C’ C’ C’ cC

C’ —D C) ,—4 ‘.0 cc C —r ‘.c cc 0
U C C -~ ‘— — CS ‘S ‘S C- i ‘S

C C C C C C C C C C- -~ C
.0
U
C
.,.4 

‘C CC C C ~~ C ~~ ‘C C’ CC
Cl CC CC C In N’ (C- C” 0 -~~ ‘.C

C” C ~-c1’ -~ ((1 IC- 01 C In C 01 In N’

CC 01 CC CS ‘C C) -~~ N. ‘—‘ —~~ N. C
,—, ,—4 CS CS Cl CC- CC- -C -cC -T IC-

‘C C) C Cl C C ‘C C ‘C IC- C-- (C- N. ‘C
> ‘C ‘.r’ 01 —i N. C —~ C- ,‘-~ C CC ‘C Cl C

C’ -1- N’ C’ CS -~~ ‘.0 CC C — CC- In N.
C C C C — — ~-.l ,—l CS ‘S CS C I CS

C C C C C C C C C C C C
C

CC
—

C C C C C C C 1(1 C 0 In C
C Cl CC Cl CC- C’ 1 Cl C CC- — —

~ ‘.C
O ‘.0 • C? -~~ ‘-~ 01 CC- C ‘C ,-‘t ‘0 Cl CS -~~ IC-

-1’ . . . . . . . . . .
• In Cl CS (C- CO C’ 01 (11 N’ C CS -r

C .—
~ ,-~ .—l C—i C-I CS CC- 01 CC-

cc

U C ‘.0 CS ‘C CS ‘C CC ‘C N. CS -U -~~C’ 0 -C ‘C ‘—4 C-I C-i C C -C C ‘C ~ ‘C 0
• 0’ 01 ‘C CC C NJ CC- LC- N. CC C CC-
0 0 0 C ‘- -~ -4 ,~~ CS CS CS

F .~~ . . . • , . . • . .
0 0 C C C C C C C C C C

-C
C N.

< 0
CC- ‘-4 Cl Cl IC- . —1- CC- ‘C Lf I

C F IC- C” “C “C (N “~ “ci’ C CC- r-4 LC- N. 5
.0’ CC- In IC- CI C ‘.0 ,‘-‘4 ‘C C .C’ N’ C

• . . . . . S
• “- ‘ CC- LC- C-- 01 r-~ CS -C LC- N. CC Cl ,~~ Cl)

C cc ‘-‘~ ,-i .—~ r—~ r—~ ~~ r 4  CS UI
‘0 C-. <C)

cc c—i
• C CI.

C CC N’ -‘4 .-~ C ~~4 N. N’ -~~ N’ ‘C CC-
Ql 01 N’ CI CC CS (C- CC ,-( (‘1 In N’

• C’ C—i -C ‘.0 0) 01 .-1 CS CC- LC- ‘C N’ CC
U C C 0 C C ~H ‘.,4 ,~5 4 . 4

I - C  . . . . . . . • . . . .

C I C C 0 0 C C C 0 C C 0 0
U

3
C)

I CC C CC- C C CC- IC- C C C CC- CC-
O 0 CC CS C -~ U’)  U’) CS ‘C CO N. In -~~~

• C’ ‘C CC CC C-- U’) CC- ~ 4 CO IC- CS Cl ‘C Z
S . . • . . . . . • • . . 0•

U C-I ‘-4 CS C’) -~~ If) ‘C N’ N’ CC Ql 01 C
~~ cc — 0C_ I •
C

C)
It “'1 If) ‘C N. CC C C-’. C CC ‘C’ ‘C N’ (C-

CS N. ~~~ CS ‘-cc —1’ (C- -‘C -~~ 01 CS ‘-4 0
‘C’ .0’ C I CC- (C- ~C) CC C’ 0 ‘-4 C—I CC- -C C

U 0 0 0 C C 0 C C ~~~ ~
_4 — ~~

* .

C C C C 0 0 0 C C C C C
I’-
C)
0.

‘C “C C —C IC- IC- CC Cl CI (C- (ft -C
C -1’ -~~ — ‘C 0 C’) IC- N’ CO CC CO

C” I!) CC —I -‘C ‘0 Cl ,—4 CC- (1) N’ Cl — C)
• . . II-

C C ‘-~ -~ —~ -.~ CS cs CS CS CS CC-
C)

In In —1’ C’- —cc cc C Cl ‘.0 C~~ ‘C Cl c~Cl ‘S 0 N- “C C N’ C’1 C) -‘C Cl

— C--I CC- “ ‘-C - C’ IC- ‘C ‘C N’ I”- CC C
~~~ U C C CC C )C O CC ) C O C  -

C C C C C C C 0 C C C C C)

UI
C -

— c-I “ —1’ cc” ‘C N. C) C’ C — ‘  C—I • IC?



T~

Augus t  2 , 1978
JWI I /D RS / WR H / c a c

C

C) ,-‘, _. -~~ C CO -~ ‘C

* C) Li C CC ~b -~ CS - 0 0 ‘C O~ C In N
‘~-~~~ . ‘ C C C

•
0, --~ N - ~~~~~~O C -  

I
cC -‘ C C — (“4 ‘-I CS 0 ‘—I CS 0 0 C
‘C C-

I’- CO CC I’-
LI — 01 CC- (C- — 01 N In 01 CC N ‘0 II) ‘C

0 C) -~ N CO In *7 01 .4 (‘4 .- QS
LI C,, CS 01 ‘7
Cf ,, i~, ‘C N CC 0’ ‘-4 C . 4  ,‘4 01 ‘-7 ‘C -4 .‘~ .“4

* C) CC Li

C, C,,. N — 0’ In (C- ‘C CS Il) 01 0 ‘C -7 . 0
LI. CC CO (C- CC CC C (“I N ‘0 III ‘C (“4 ‘—4 CS

‘C CC -‘C 0’ C (C - ‘, (‘4 (‘4 (‘4 N - C CO 0’ 0’
-I

LII

~O CS CC (C -(C -‘0 ‘0 ~~ N CS C’. ‘C7C, CL. -. ~Q CC — (C- 0’ 0 II’ ) CC -‘C CC -In 01 sO
-
~~ U.

• C) .- Li CC - Ill N 0’ CC -C CS (“1 (‘4 ‘0 0’ CC 0’ 0’
C,

z
Il)

Ui
Li

C “C. ‘C — CS CC ‘C —4 0” 01 0 -7 0 ‘0 (‘4 ‘CZ U’) CS — as CC CC CC N N -7 CS CS N N In

I:: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

Li > U CC -CC -CC -01 — 4 ,‘4 — (‘4 (“4 CS ‘C ‘C *7 01
10

U
10

01 0~-7 CC -0’ (“4 01 ‘C CC -‘C CO ‘C CC CC -‘0 04 <CI
Cli U C’ C’- IC- In In 0’ N ‘0 05 ‘C ‘C N ‘C (ft N 00
-~ 0 (“4 CS CS (“4 (51 (‘4 (“4 (‘4 (“4 CS (“4 CS (“4 (‘4 • (‘C
CC .7 1.

C C 0 0 0 0 C C 0 0 0 C C 0 -~ <CJ
I-’

I (0

411 0)
01

01 CC .-4 CS ‘C CC CC 0’ CC 05 CC CC 05 ,-4 (.
In CS ,‘-4 C C (C- (‘4 ‘4 (ft — CS CS ,-I -4 (0 0

0 01 CC -CC- CC -CC -C- CC -CC- CC- CC- (‘4 (C- (C -CC - U t  III C
01 10

0 C C C 0 C 0 C C C 0 0 C C 1.. 01
0. Cl

CI. 01
Cl 0) ~0-4 Cl-, 0
Cl ., ~0 ) —  00 U

.7 —4 C’. .-4 C CC- — ‘7 CC -.7 (C -.-4 *7 N (‘4 .C > 0 C
- 0’ 0. C-
- CS CC- CC --7 ‘-7 ( ‘4 01 (C - C S  CC -‘7 CC -CC- (C -CS (0 LI 01 1..-, . 10 0) U W

0 E II LI 0 .0 C V
I C-j. C — C C

U~~~, — 04
C C U) ‘0 (0 0) Cl
~~ ‘~~~C’4 I C) U UI

10 0 I- ~ 0 01
— C- C- C- C- )“ C- C- ‘C- C- C- C- C- ‘C- C- C- .. ~- C -  ~~ C, ‘ I )  Cl

00 00 1— 00 00 00 00 00 00 00 00 00 00 -
~~ i .— ~U C U

00 ‘0 r” C, ,f I C )  Cl .4 0
If’ C- I C ~‘ “4

CC (/1 A. I, C ‘0
• 8 ’C  .4 0’ 1.4

C C I 1’ 4) 01 0
II H 10 1..

41 P I (Il l’ I Cl 1.4
C .  41 41 ..~ U)
C — (“4 01 -7 .15 ‘C N CC 0’ 0 .4 CS (C --7 IA Cl ‘-J .10 Li A. Z Li I’- 41
00 z — — -~ - .-4 ‘-4 0 C A. A. . C (/) C) 41 41



—21— August 2, 1978
.1W}I /DRS / ‘ CRII/cac

St reaml ined Nose

Vertica l Support Pipe
Holes for Ventilation
A ir Streaml ined

~
“ Support St rut
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Figure 2 Vent ilat ion Air Flow System
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