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INTRODUCTION

The validity of the subsonic normal force coefficients used in the

air intercept missile evaluation (AINVAL) simulation of the Navy ’s “D”
concept missile was first questioned in April ].977•1 (This missile vii].

be referred to in this report as the TVC6 missile.) Errors were found

to exist in the aerodynamic coefficients and action to recalculate the

normal force and pitching moment coefficients for TVC6 was suggested.2

These coefficients were recalculated during fiscal year 1977; the new

values of the aerodynamic coefficients have been included in the simu-

lation models currently being used by NWC and Hughes Aircraft Company

in the short—range air—to—air missile (SRAAN ) generic airframe evaL.iation

eftorts. This report documents the methods used to estimate the normal

force and pitching moment coefficients for TVC6.

Syi~~etrical bodies of revolution such as TVC6, at certain anglas of

attack and Mach numbers, can experience large side force.s and yawing

moments due to asy etric flow separation.3 6  Indeed, these side forces

1
Naval Weapons Center. Need for Review of Simulation Eitployed at

ACN(I) (U), by W.F. Cartwright. China Lake , Calif., NWC 20 April 1977.
(Reg. Memo 015/14, document UNCLASSIFIED.)

6” TVC Normal Force Coefficient (U), by W.H. Clark. China
Lake , Calif., NWC. (Reg. Memo 3914—93—77, document UNCLASSIFIED.)

3W.H. Clark, J.R. Peoples, and M.M. Briggs. “Occurrence and Inhibi-
tion of Large Yawing Moments During High—Incidence Flight of Slender
Missile Configurations,” J .  Sp acecraft and Rocke~a, Vol. 10, No. 8 (1973).

4
• . “Body Vortex Formation on Missiles in Incompressible Flow ,”

presented at the A ZAA 4th Atmospheric Plight Mechanics Conference, Holly-
wood , Fla., 8—10 August 1977. Paper UNCLASSIFIED.

• 5P.J. Lamont and B.L. Hunt. “Pressure and Force Distributions on a
Sharp—Nosed Circular Cylinder at Large Angles of Inclination to a Uniform,
Subsonic Stream,” J .  F uid Mech.,  Vol 76 , Part 3 (1976).

6
“Prediction of Aerodynamic Out—of—Plane Forces on Ogive—

Nosed Circular Cylinders,” J. Spao e~raft and Ro~k~’ta , Vol. 14, No.1 (1977).

3 
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and yawing moments , which tend to move the missile body perpenoicular

to the plane containing the missile axis and the t ree stream velocity

vector , for some configurations can be of the same order of magnitude

as the normal force and pitching moment. A realistic evaluation of the

TVC6 missile ’s performance should include a study of .~ensitivl tv in per-

formance to these side forces and yawing moments. For this reason , ef-

for t s  also were undertaken during f isca l  ye~ r 1977 to est imate the forc es

and mo ments associated with asyi~~etrica1 flow separation f o t  inc lus ion

In the six degree—of—freedom computer models of TVC6 .

ESTI NATE OF THE NORMAL FORCE AND
PI TCHING !OHENT C3EFFICIENT S FOR TVCh

In ar rIvin g at  the values of the normal fo rce  c o e f f i c i e n t  tC N~ 
and

pi tch ing  moment c o e f f i c i e n t  (CQ given in th i s  report , maxinum po ss ib le
use r~as made of exis t ing Agile wind tunnel data .  The pr ob1e~ in s ca l in g

the co e f fI c i e n t s  from Agile to TVC6 is tha t Agii.e was design t~d w i t h  a

length—to—diameter  rat io ~~/d )  of 12.~ and the ra t io  fo r  TVC6 ~~d is .~O.
The method uses to perform the scaling is out linod below .

The normal force coefficient for TVC6 can be expressed as

~~~~~
CN + C NB

where

CN 
— the body alone coefficient

‘B

C — the effective contribution due to the six tail fins.

_ _ _
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The body alone force coefficient can be scaled from the Agile wind

tunnel data by using the method descrIbed In a National Aeronautics and

Space Administration technical report.
7

CM sin2ct coscz/2 + flCD ~/A sin2c~ (2)
B c

where

• angle of attack
Ar 

— reference area (Eli d /4)

— planform area

— cross flow drag parameter.

The cross flow drag parameter can be determined from measured values
of CN from

‘B

CN 
— sin2n coa~ /2

— 
Ac 
t air

~

In general , lCD is a function of both the cross flow Mach number ,

M (EN~ slnch), and the cross flow Reynolds number, R~ 
(ERa am a). (How-

ever , see Footnote 4 for a discussion concerning the correlation of flCD
with R.) For our purposes, R is usually large and only supercritical
values of lCD need be considered. Because 1C~ is a “weak” functioaC C
of R for supercritical values of Reynolds number , and because there is
not sufficient Agile data to perform useful extrapolations with R , the

depenaer..ce of lCD, on Reynolds number will not be considered here.

4 __________________________

‘Natronal Aeronautics and Spade Administration. Prediction .~f Static —

Acr~d’z~~’ic Char eteriatice f:-r Space - Shuttle - Like and Other ?~odi~’~s
at Angles of Attack Prom 00 to 18C° , by L.N. Jorgensen . Ames Research
Laboratory, Sunnyvale, Calif. NASA, Jan 1973. (NASA TN—D—699b,
publication UNCLASSIFIED.)

5 
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Contractor reports provide wind tunnel measurements of CN3 
for sev-

eral Agile configurations.
8’9 (Figure 1 shows the Agile configurations

used in this study.) From these data the value of lCD was calculated
(from Equation 3) and plotted as a function of cross flow Mach number ,

as shown in Figure 2.

The data of Figure 2 shows that ICDC 
versus M

~ 
follows two distinct

curves, depending on whether the free stream Mach number is subsonic or

supersonic. The solid lines in Figure 2 were faired through the data

points and used to compute the C
M 
values described below.

Given the values for r.CD f rom Figure 2 and the values for Agile
body alone normal force coef icient, (CNB

)Agjl , from Footnotes ~ and 9
it is straightforward to compute the body alone normal force coefficient

for TVC6 , (C:~~
)
Tvc6. From Equation 2 we have

(C
N

) • ( C N ) +LC,~ (4)
B TVC6 B Agile

where

• flC~ sin2a (C~p / A ~ 
— 

~~~
‘A ~‘B c r TVC6 r Agile

The estimated values for (CNB
)
Tvc6 are tabulated in Table 1.

The final step in computing the normal force coefficient for TVC6 is

to obtain the effective fin normal force, CNF
. The appropriate values for

CNF 
were obtained directly frost Footnote 8, using the values of the con-

figuration that utilized the “C62F” fin arrangement. (This configuration

i- shown in Figure 1 at the top of the page.) The values for CNF were
obtained simply by taking the difference between the values of C

M 
for the

full configuration (CN~~F) and the body alone values; that is,

8McD~~nell Douglas Aseronautics Co.—West. Agile Confi~~ration Det’elcp— 
—

‘~~nt Test. Huntington Beach, Calif., MDC , April 1974. (MDC GS1J6
publication UNCLASSIFIED.)

9

~~~~~ F~terna l Geometry Teat. Huntington Beach, Calif.,
MDC , June 1973. (MDC G4027, publication UNCLASSIFIED.)

6
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TABLE 1. TVCo Body Al one
Normal Force C o e f f i c i e n t .

Mach no.Angle ——
of attack 0.h 0.8 0.Q5 1.1 1.2 1.6 2.0 3..’

0 0 0 0 0 0 ii 0
5 0..~ 0.33 0.32 0.32 0.24 0.3~ ~.4 0.~~

s
10 0. ’4 0.85 0.87 1.89 0.~~ 0.95 ~~~ 1.2~
15 l.3b I.7~ l.b’~ 1.87 1.7Q 2.31 2 . b C ~ 3. 0
20 2.4~ 3.0.. 3.7h 3...t~ 3. 54 4.~~ 5.0]. 5.1

25 ...Ob 4 • $Q 5.11 5. ‘3 6.16 7. 7~ ‘.0’~ .3..
30 6.OQ 6.9~ .52 9.07 9...5 11.23 ~O .35 8...~ ‘~.21 .. . 12.8 . . . 14.~ . . .
40 11.0 11.6 13.2 16.~ lb.$ 1~ .7 16.fl 1...~45 l3 .2~ 14 .3 ~~~2 2 0.5 2~ ... 20.5 1S.~ 1’.I
50 15 1. 17 1Q 3 ‘4 1 ‘3 ~ ‘1 ‘1 1 l~ 

S

55 16 5 ‘0 1 3 ‘ 5 ‘~~ 
.
~ ‘5 ~

60 18.8 22.7 24.3 29.~ 28.8 2S.t~ 2~ .3 2...3
65 20.4 25.4 25.8 31.° 31.0 31.1 8.~ 2t~.470 23.1 26.Q 2~ .1 33.5 33.4 33.0 30.5 S .

75 24.9 28.4 28.2 35.3 35.~ 34.2 32.0 2’~.
Q

80 2~ .2 28.’~ 2”.4 37.~ 37A 35.~ 33 .2
85 2 .l 2Q .l 30.3 39.0 38... 3~ .0 3;.~
90 26.Q 29.4 31.3 39.2 38.~ 3c~.4 34.~

C •C —
~~~~~

~~F 
‘
~~3+F N B

By scaling the values for CNF thus obtained from the 8—inch A~ i 1e di~~ et .’~
to th~ 6—inch T’.T6 diameter we can simply add the values of LN F ~~fl~ • t N B .

as follows:

(C
N
)TVC6 — (CN ) + C

N

The final estimates for (CN)T\tc6 are tabulated in Tables 2 and 3.

The procedure for estimat ing the pitching mor~ent ot’fficient Is

Illustrated in Figure 3. As this figure shows , we require two .~~~~~~~~~o u t i

parameters to obtain C.~. These pararteters are the body normal f~”r c e

center of pressure , X~ ‘~~, and the effective fin center of pressure .
-

X~C .  These parameters also can be obtained from Footnotes 8 an~ ‘~~.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The values for are shown in Figure 4 for angles of attack in ~he

region 0 to 90 degrees. The solid curve shown in Figure 5 was f aIred

through the data points of Figure . For angles of attack, 90 degrees

~ <160 degrees, it was assumed that the center of pressure followed

the same curve. For angles of attack approaching iSO degrees it was

as3umed that the center of pressure moved to the blun t end at the nozzle

exit . Although thi s assumption is arbit..ar-y and certain to be complIcated

by the presence of the rocket plume further efforts were not considered

justified. The TVC6 missile is not expected to fly at angles of attack

approaching 180 degrees, and performance studies will not be compromised

by this assumption.

The effective fin center of pressure, X/C , is obtained fror’i Fo.tncte 8

through the relation

7./C — (7)

where

3
~
3CM.~~~

C. C~9
~8+F 3

and

4~C - cN N
3+F B

The values of ~/C are tabulated in Table 4.
r

A computer program was written to perform the computations indicated

in Figure 3. This program is given in Appendix A.

The fin location, X1~ E, wan varied in an attemp t to “match” the Agile

static stability margin at launch, as shown in Figure 6. Although the

present model for the TVC6 pitching moment estimate does not duplicate 
—

the Agile stability margin exactly, a value of — 110 inches was
selected as giving a reasonable compromise over launch Mach numbers in

the range of 0.7 < Mach < 1.2.

10
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TABLE 4. Effective Fin Center of
Pressure, X/ Cr, Configuration

~6 
N21 C62F A9 (See Footnote 8).

______ 

Mach no.Angle
of attack 0.8 1.6 2.0

0 6.52 1.86 1.42 5.2
5 6.52 1.86 1.42 5.2
10 1.48 0.19 —0.81 0.91
15 2.39 2.39 0.52 2.0
20 1.52 1.02 2.52 0.66

25 1.13 0.65 1.57 0.32
30 0.42 0.97 0.08 —0.42
35 —0.19 0.43 1.69 —0.81
40 0.81 0.64 0.13
45 1.19 0.16 0.66

50 1.76 —0.14 0.65
55 1.97 0.08 1.13
60 1.13 —1.09 —0.2
65” 2.6 —0.91 0.52
70 1.27 —0.81 1.41

75 2.08 0.32 0.39
80 5.32.1 1.41 0.96
85 1.19 1.36 1.19
90 1.1 1.19 1.86

The final estimates for the TVC6 values of c~ are tabulated in Table 2.

Finally, the sensitivity to CNS ~~~ and of the estimated values

of C
M 
are shown in Figures 7 through 14. As these figures show, the

center of pressure of the body alone normal force , XCPB, is the most
critical parameter. If the TVC6 missile is to be considered seriously

as a future SRAAN candidate, then a thorough study of missile overall
performance to the parameter XCpB should be undertaken.

ESTIMATE OF THE SIDE FORCE AND
YAWING MOMENT COEFFICIENTS FOR TVC6

This part of the report summarizes the method used to estimate the

TVC6 side force ~nd yawing moment coefficients that arise due to

11.



- -~~~~~~~~~~r-~ _-rfl~~~~~~~~~~~~~~~~

NWC TM 3404

asytnnetric flow separation on the missile body . The reader is advised

that the method used is based on an (as yet) unproven , semi—empirical

method . The results should be used fur preliminary planting purposes

only.

Figure 15 defines the “out—of—plane” or side force that occurs due

to asyimnetric flow separation on the missile body. The prediction tech-

nique used for the estimates is based on the information contained in

Footnotes 5 and 6. The work of Lamont and Hunt is strictly applicab le

to conditions of incompressible , laminar flow over cylindrical afterboii~ s

with pointed tangent ogive noses. Although these conditions are not rep-

resentative of realistic flight conditions such as chose experienced by

TVC6 , this technique nonetheless was selected for several reasons.

First the flow structure observed by Lamont and Munt is believed by the

author to be qualltat~ve1y the sa~ne as that which exists under conditions

of compressible , turbulent flow. Second , the method of Lamont and L unt

is simpic and easily implemented for preliminary calculstions. Attempts

were made to correct the method for effects of compressibility and higher

Re’.nol- -ls numbers . These attempts will be described later.

In Footnote 5 , it w as shown that tht~ “out—of—p lane” or side force on

the missile body was typically distributed along the body , as shown in

FIgure 16. This force distribution was obtained via pressure measurements

around the circumference of the body at differen t axial locations . The

co rce coef f ic ien t

CF
_F/

l .,
~ 

sin c&D (8)

where

F — the side force per unit length

p a air density

V,~ — free stream velocity 
—

— angle of attack

r D — cylinder diameter

1, 

- -~~~~- - -. -.,—~~~~~ -~~~ ~~. 
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was shown to corre la te  wei l  w i t h  the parameter  T — Xta n ~ ,~~, where X is

the axial station measured f rom the missile nose and R is the cy linder

radius. A tvpic~il curve of CF 
versus t is shown in Figure 17. This

curve , with the appropriate magn i tudes , co mp letely de f ine s  the  side  force

and d i s t rIbu t ion  from which the total side force and yawing moment can

he obtained. Lament and Hunt showed that the values for the parameters

tA~ ~~~~~
‘ 

~~~~~~

, E~, correlated well with angle of attack and nose fineness

ratio , F,~ = L~,’D, where L.~ is the total nose length.

Also the maximum value o~ the parameter CF~ 
at point B on Figure 17

was shown to be a function of the parameter ~~~, where X 2 ~~ tar.ct.

The values of C
F 

at the points D and F on the curve were given

approximately by

CF 
— —0.6 (9)

D B

CF 
— 0.3 CFF B

The shape of the curve from points A to C is given by

( t3flA~~J
CF CF \e / ~~ ~.l1)B sInX3

where

— 
~ 

( t c A ) ( t C t A )

The curve from point C to E is defined by

— —0.6 CF 
sIniT~1B

where

— ( t t c ) / ( t E t C
) —

13
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whi le  f rom po in t  E ~~~‘ po in t  ( the c ur v t -  Is d e f i n e d  by

CF 
— 0.3 CF sin~~~ (13)

B

where

— ( E— t . . )  (t C t
E

)

For ~ ~ . . the out-c l—p l ane for c e , C~, 0.

~ith the o u t — o f — p lane  f o r c e  dist r ibut i on  de~~ined as L ’ut l ined above

it iS straightforward to obtain the total side force co e f f ic i en t , C
i,
, and

the vawirt~ moment c o e f f i c I e n t , C

The 5ide force  c o e f f i c i e n t  is obta iaed  f r o m

~ t~~flCe

— 2/ ~ sinc
~c o s z J C F~

E) d~

and the.. co rre spondin g moment c o e f f i c i e n t  Is

— ~i t .1fl~\

C l ’~ COs
~~~~f(t .~EF ~~ E ) t:

F
(

~~~~
) d~ (l5~

where

— missile length

XREF
and tREF 

- 
R tana

with 
~REF — moment reference station

The above description is a b r i e f  out l ine of the  meth od discussed th

more detail in Footnote 6. rsing this technique Lament and h u n t  ob ta ined

gcod agreemen t with experimental data obtained under the conditi~ns for

which the theory is strictly applicable . As regards TVC6~ one u t  the 
—

.r.ajor areas of concern was to establish how the increase in missil e over-

all fIneness ratio , would a f fe c t  the magnitude of the o u t — o f — p l a n e

forces and moments. Hence , the prediction method was applied dIrectlY

14
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and the results of Figures 18 and 19 obtained. These figures show how

the maximum side fcrce and yawing moment coefiicients depend on

The theory predicts that C
1 

is essentially Independent of for

> 12. However , the moment coefficient , C~ , increases rap idly with

Figure 19 shows that C~, more than doubles as increases from 12 to 20.

The reader Will recall that Agile had an — 12.5 and that TVC6 had

an ~/ ~~ — 20.

The next step in this analysis was to compare the theory with experi-

mental data obtained under conditions for which both comoressibility and

high Reyr.olds numbe r effects would be present. For these comparisons

the work of Deffenbaugh was uti1ized)~
0’11 Deffenbaugh ’s experiments

Included pressure measurements on the configurations shown In Figure 20.

From these data direct comparison can be made with the generalired curvc

from Lamortt and Hunt t ha t  was shown in Figure  17 . FIgure 21 compares

the predicted values of the points A , B, C , E, and C cf Figure 17 from

Lamont and Hunt ’s method to those values ob tained f r o m  Deffer .baugh’ s -.iata.

The spac ing values t
E
_t and shown on Figures 21 and 22, respective ly ,

are In reasonable agreement with the prediction method , despite the higher

Mach number and Reynolds number. The values for and E do not agree

well , however. For the prediction of C.,~ and C0 
for  TVC6 the values for

and for supercritical Reynolds numbers were modified to

t
A 

— 1.0 + 0.OScz (it’)

— 9.5 + 4.7 tan~C

10F.D. Deffenbaugh and W.G.  Koerner. “Asviiimetric Vortex Wa1 e ~eve1op—
ment on Missiles at High Angles of Attack ,” J. r r ~~z’~i
Vol. 14,.~~o. 3 (March 1977). —

Army Missile Research and Development Cou~ and. Swm~arv
of the 4th MeetIng of the DOD/NASA High Angle of Attack Working ~roup ,
16—17 Feb 1977. huntsville, Ala., Redstone Arsenal , Feb 1°77. q

~Interna1
Technical Note TDK—77—l , publication 1’NCLASSIFIED .~
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With the node points (A, C, E and C) and the maximum and minimum points

(B , D, and F) determined only three features remain to complete the model.

The maximum value, CF3
, must be corrected for the effects of compres—

ibilitv , nose bluntness , and Reynolds number. To stud y those effects

the reports referenced on Figures 22 through 26 were consulted . Figure 22

shows the variation of maximum side force , Cx,, with nose fineness ratio ,

F , for sharp—nosed ogive cylinders. Figure 23 presents some experimen-

tal data that indicates how nose bluntness affects the maximum value

of C~ . Figure 24 presents experimental data indIcating the deoendence

of the maximum C,~ on Reynolds number. Figures 23 and 4 indicate that

there is no apparent consistent trend, with respect to the effects of

nose bluntness , or Reynolds number. The theoretical method does seem

to bound the maximum values of C.~ for sharp—nosed bodIes , as indIcated
• In Figure 22. Figures 25 and 26 show the effects of Mach nun~er on both

maximum side force and yawing moment. In this case it is clear that the

values decrease with increasing Mach number and are essentially zero for

Mach r.umhers greater than 1.6.

In vIew of the above data it was decided that no attemp t would be

made to correct the theory for nose bluntness . The simple approach

suggested In Footnote 6 was used to account for turbulent boundary layer

separation. This approach was implemented as follows :

LT D
if R.. —

~~~-- 200,0001) ~
) —

then C
F — 0.8 Ci,’ (for laminar flow)

B B

The compressibility effects were grossly included by simply multi—

-
~~ plying the theoretical incompressible values of C~ and C0 

by a factor , f,

where

f •-I.0 for M~, < 0.6

f — 1.6 — M , for 0.6 ~ < 1.6

f 0.0 for M~ 
‘
~ 1,6

16
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Next , wIth the method modified as described above , some further

comparisons were made with other data. Figure 27 shows a comparison

of the theoretical distribution of C
F along a missile body and the actual

measured values of Deffenbaugh (Footnote 10). The theoretical values are

higher as may be expected , because the theory is for the maximum values

and the experimental values are for time—averaged data. The overall value

of C,~ versus angle of attack , ~~~, Is shown for both theoretical and experi-

mental values in Figure 28. The original thecry showed the C.~ value go ing

to zero at 70 degrees angle of attack ; the data suggested approximately

50 degrees. The theory was revised to approximate this feature better

and Figures 29 through 32 were obtained to compare Agile data with theor .

Although the quantitative agreement with Agile data is poor , the theory

does generally bound the data and , hence , could be expected to prcvide

estimates of worst—case data.

Finally, the modified theory was used to compute the estimates of C
1

• and C,. shown in Figures 33 and 34 fo r  TVC6. These values were adjus ted

for compressibility by the factor , f, discussed earlier.

A l is t ing of the computer progran used for the f inal  calculat ions is

included in Appendix B.

It should he clear from the above analyses that much work remains to

be accomplished before accurate and reliable predictions of side forces

and moments can be made. This area of research is presently being pursued

by the Navy, Air Force , Army,  and NASA and , ho~eful1y , better methods will

be available in the near future .
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FIGURE 15. 0ut—of—p1~~. or’ Side ; rcee Occuriug Due toFlow Separation on a Miasil. Body.
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K

FIGURE 16. Typical Side Force DistributIon
at a Fixed Angle of Attack.
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

T .  ~ t an0/R

FIGURE 17. Characteristic Distribution of Side
Force Along the Body (From Reference 6) .

33 



p.— - — - •-  —- .—— -~~~~

-,---

~~~~~~
-•

~
—

~~~~~
-.‘----- ‘ - ,.*—

~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ -~~~- ~lUII1~~

NWC 1~f 3404

—�~ 1---

0 0 C 0
id ,ó 54 

U:~ :~ :~ 8.

U
Is4).~.
~~
.4

I .. U
— 4)

-~
0~~~
~,i ”0

0 0
— 15 . 4 4 )

U
- 1 3 5_

~~~9 5 4 ,— ,- 4) 1.4
I( 4•4 41
C U ’~’I U’

I u& 114
‘ I a

\ I
54
SM

— t4 j  U’-‘T ~T 
-

~~~~ IsO
\ 

~ 
0

V ~\ !~~~~~ 5.5

, 

U
CI~~~~

14

-

’ 

_ _  

-

33MO~ 301$ 11fl~~IK~~I55

34

- ~~~~~~~~~~~~~~~~~~~~~ -~~~ ——-- -—--•- ~~~~~~~~~~~~~~~~~~~~~~~ —•— — —  —- -•  —-~~~~~~- • • -— — - - -  —— ••  - -



- 
•~ - •—~ 

-~ _-~~ - • - _ _ - •~~ ___ -_, _ — —
~
.-———-

~~~~
.--,—.-—--—-•——— - —

NW TM

21

2 4-

20F

/

F .4~~ 2

~~~~l 4 -  / I/
12 

r 

P~~~
. 1.0 

,,,/~ ~ Pd

~~~~~ / /~~
/

W UILO FIP4I$$~~ RATi o

— FIGURE 19 . Maximt.~ ~~ving Moment Coefficient  fL-’r —
Ogive Cylinders, L~~inar Separati on (Mach • 0;
Moment Center at Mid—Body ) (From Reference t”P .

35

31
— 1. : .r -

~~ .
-. 1.1 .~- a - I . . J . . .i~~ I 

T.~



F— - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘-I --—— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 
—

NW TM 3404

--

~z~ IE[
c~ Efl

_ _

82

C P1 035 • $00 V

PdO~ d ~~fd NO~~~~/.I 1

~ ~L L~T~1
$3 Z?JC O~~~O4

‘.4 ~~ 1 133 Q~~O4
‘.41 2.0S7 004

NI bas e 0.OS

FIGURE 20. Con-figuzationa From Reference 10.

,4r-
3YP4 ‘4AC14 N0. m0 CONPIG.

0 0.1 3.7 x 10 ~43B1

. r ~

1L

~

7
/

1

ANOI.3 OF ATTACK . 010.

FIGURE 21. Comparison of Theoretical Spacing
Pa r ameters Jich Data Fro m Reference 10.

36

- _ _



~r• ~~~ -‘- --,. -~~~ -r pna ——— - — —- - t n~~~~..~~~~~W - a — V L  - — t T ’ ~~,fl~~ar~~ a ~~cr •

~WC TM 340’.

IC _______________________________________________________________

F
M ~

~~~~~~~~~~~~~ 
_ _ _

• 

J~~~~~~~~~41. TTTT 90
*NSL.I OF ATTACK . DIG.

FIGURE 21. ( Contd .)

37

_ _  —- -,-— --—--- •-— _____________________



-- — -~- ~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
- —~~~,---~~~-~~~:. 

- 
-- ~~~

- -
~~

---
~~

-- —I~~
—- ---- — --: —•

~
----

~
-—-—

~
-— - —•---•- -- — •  — --- - -5-- 

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~. -

• NWC TM 3404

R E P  R
0 

K 1o0 

~~~— C (.at’wsw 0 .. -o ~~~~~~ 0.4
o 13 - .  0.4 4.1
Q 10 0.~ 2 0.4 10.2

~ .•  14 O.J5 0 15 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~0~~~~
°

A 15 0.3$ 0.1 ‘0—iaQ 4 0.04 0 ~~~ 
- 12

4 V - o
a

S.:
a

~~
3r

U 0

54
I’ a
U
4
U

0
.
~ V-

o i

*
4
3

I 
A

_ - 1
‘.4045 FININESS RATIO.

FIGURE 22 .  Ef fec t s  of Nose Fineness Ratio , FN ,
on Maximum Total Side Force Coefficient , Cy For
Sharp—Nose Ogive Cylinders.

38

40
_•

~ 

~~~~~~~~~~~~~ • . •~~~~~~~~~ . •_•.. ~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~~~~ • • .



—-5 
. -~~~~~~~~.... F.— , F

NW TM 3404

p

SYM RPP P
’.4 RI0 M

a — — — — — 6o 12 3 10 0.4 0.65*10
• ~~ 3 1~~ 0.4 CLSS X 1O

5 • - -  Q. 12 3.5 10.5 0.4 0 . e 6X I 0~
o 15 4 12 0.5 0.25

R is ass 12 0.5 0.25

C’ is 3.4 11.5 0.5 0.25
13 3.1 11.7 0.5 0.25

• 15 3.1 11.1 0.5 0.25
o ~~ 2.5 14.4 0 0.04

4 .  
4 1.35 144 0 ...

>. A is 2.0 12 0.8 2.0
£ i~~~ 20 12 1.1 2.0

0.1 0.2 ~ 3 04 0.1 0.5 0.7 0.. 0.9 1.0
NOSE SLUNThESI.

‘SPECIAL NOSE SHAPE. N8

FIGURE 23. Effects of Nose Bluntness, 5N. °~
Maximt~ Total. Side Force Coefficient, Cy, For
Ogive Cylinders .

39

41 



— — — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —• ----•

-•

NWC TM 3404

a

I
N 14 N ~ q

N 14 40
31 ~‘ 

a -
—

I I I
14 SI N 

- 

—

xvv.lAzfl

40

42.
L -. - _______ •

~~~ 
- -- —— -

~~
- --5- -- ——



— 
—

~~~~~
.-.- ,

~~~~~--—

NWC TM 3404

S

~~~~~ 
~~Pd N ~‘0 R0

• 0 i~ S 0 12 0.S4 )I lQ~
• ~~~ 2.5 0 0.5 0.58 K 10
O 3 2.1 0 ¶4.5

4 Q ~4 3.0 0 II 0.06
4 iQ 2 5  0.~~~ ID 0.3—3.1 K 10’
o ~s 4.0 0 ¶3 0.23—0 1
• 17 2.0 0.32 ‘2 1.0-10

3 .

K
4
a
U

2

o 
I I -

0 0.2 (34 0.5 01 1.0 1 .2 1.4 I S 1.5

M ACH ‘.40.

FIGURE 25. Effects of Mach Niusber on Maximum
Total Side Force Coefficient, Cy.

-

~~~~~~

0 
‘

~~~~~- AG ILE
NOSE SS4~ PES

5 -  O N G
•N8
D N a

4 .

.4;4.
- W IU

2 -  - a
0

I .  • o

0
J ( _ 1 L I I I

0 04 03 0.5 0~ 0.5 0 .0 1 .0 ~~ I 3 1 4 1 .5 1 .6
MACH NO

FIGURE 26. Effect of Mach Ntmiber and Noes Shape on Maximum
Yavth~ Moment Coefficient, Agile (See Refer ence s 16 and 17’.

-- --- 5 - — -  - - - 5- -- 

~1



NWC TM 340’4

.3

1.4
4.4

0 
- 

- ‘4.’ir -
‘ (~) c 0

I II

i~~

~ .0

IIt
a
‘-I

N
V



—5-- —

NWC TM 3404

• __________________________  0
P’

___________________ ______ 0

V 

_

0
p.4 1

-~~~~ V •1~

• / 0

V /
/

6) -~~~~

-
~~~~ I

I\ V
‘.4

0 • C
‘ V

C.) 0
1.4

‘54 
-

~~~~~~~ 1.4 -

( ..
~

U. 544 -

/ 00 
1/ .

~~ -~ ‘4-/ -
~~~~ S 0

Z ~)/ ‘4 \ < 8
/ V

/ 2 
.
~i R .

~~~~~ ~~/ \
/ a ‘44 U -141 61 Z ‘ I  6)/ ~~~~). 

-
~~~~ 8 1~~~

54
61 U.

~~~w O  u
o

~~~~UJ~~~ -~~~~

54 Z U J  4)

I.’

~ I— ,
0 Iii  I
t i  (N

I I
0

_ _ _ _ _ _ _  

Ci.
I I 

— 0
0 1 P1

U

43

5 •*~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 5-—- _ _ _ _ _  _ _



- Cr

NWC TM 3404

8
M-\ CH 0 4

AGILE ~PErE~~ENCE 16)

— — — T HEORy6 .

/
/

AN GLE CF ATTACK . ~ EG

FIGURE 30. Yawing Moment Coefficient vs Angle of Attack , Mach a 0.4 .

MACH 0 8
AGILE  RE FER I r .4 C E  16 1

I H EOR

Cv 

1~ 
~ 

JO

ANGLE OF ATTAC K , DEG

FIGURE 31. Side Force Coefficient vu Angle of Attack , Mach — 0 .8 .  
—

44

-. .-- ~~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— 5-.--- —,—- •— c~~~~~~~- rm,ntr~~a - ~
_ 5 -  -

~~~~~~~

NWC TM 3404

\
\
\
\ -~~~~~ I

). \ .

~~\
.4’
-

U

I / - ?

I /

(1:

_____________________________________________ I I I C.,
S0 ,q 0 5~

9.
U

45



~~~~~~ 
• • — - ‘•.‘ .-—-•— - - - _5- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - •

NWC TM 3404

N

- ? ~~ 
Cfl .~~

• 6)
U

- 0 1.4 6)
1
I

U

N

. 0

I I 
_ _ _ _ _  0

P1 N - 0

U

L - _~~~~~~ - -— ~ --• • - • • • - •~~-~~



_______________________________________________________________________

NWC TM 3404

. 0
P.

C.

I
-~~~~ 4:

61

.p4

\-
\ •~~~~~~~~~ ‘.3 .~1.)

‘CI-.
I-\ 0 00
54

~~~~~
_J .,.4 o
a

\
‘V
‘
‘“54

V
‘II 4 4 6 1
I 00611.
I

5.4 I
• I

‘ Z I
P1 — 

\_

C,
U

. 9

~~ 

—

C 
~~~



NWC TM 3404

REFERENCES

1. Naval Weapons Center. Need for Review of Simulation Employed at
ACM(I) (U) , by W.F. Cartwright. China Lake , Calif., NWC 20 April l97~ .
(Reg. Memo 015/14, document UNCLASSIFIED.)

6” TVC Normal Force Co~fficlent (U), by W.H.  Clark. China
Lake , Calif., NWC . (Reg. Memo 3914—93—77 , document UNCLASSIFIED.)

3. W.H. Clark, J.R. Peoples, and M.M. Briggs. “Occurrence and Inhibition
of Large Yawing Moments During High—Incidence Flight of Slender Missile
Configurations ,” J. ‘.,r.~

’t .nd Roc<~~s, Vol.  10 , No. 8 (1973).

4. . “Body Vortex Formation on Missiles ~n Incompressible Flow ,”
presented at the AIM 4th Atmospheric Flight Mechanics Conference ,
Hollywood , Fla., 8—10 August l9~~

’. Paper UNCLASSIFIED .

5. P.J. Lamont and B.L. h unt. “Pressure and Force Distributions on a

~3harp—Nos ed Circular Cylinder at Large Angles of Incl inat ion cc a
Uni fo rm , Subsonic Stream ,” J .  F~ Yc~ ?’.., Vol .  76 , Part 3 (197fs).

6. — . “Prediction of Aerodvi-~atnic Out—of-Plane Forces on Ogive—
Nosed Circular Cylinders ,” .. 3’:z~ e~ r~~’: .~‘-‘.~f R , k ~’~ s , Vol.  14 , No. 1
(1977).

7. National Aeronautics and Space Administration. ? f ~~~~’;
.
~~~. ‘ - ‘ .2r- J ar’~~~~~st~-ys ~~ ‘~~‘ ~~~~ - — \‘- _2 ,:5- -

~: ~~~~~ :~ ~~~~~~ ?~‘~~~~ J ~ :~ ~~3L~~
’J by L .H .  Jorgensen . Ane~

Research Laboratory , Sunnyvale, Calif., NASA , Jan 1973. (NASA
TN— D—6996 , publicat ion UNCLASSIFIED. )

S. McDonnell Douglas Astronautics Co.—West . A ~~~e r~Df c ’:  ~~~~~~~~~~~~~~~~

‘~~ ‘:~ Teat. Hunt ingt on Beach , Calif., MDC , April 1974. (MD C ~51J~’,
publicaticn UNCLASS.CFIED.)

9. . 4~~~ ’ E x r~~~ Je:”~etry Teat. Huntington Beach , C a l i f . ,
~~C, June 1973. (MDC G4027, publication UNCLASSIFIED.)

10. P.D. Deffenbaugh and W.G. Koerner. “Asy ecric Vortex Wake Develop—
ment on Missiles at High Angles of Attack”, J. S r ’ ~’~;

’t .~~i ~~~~~~~~~~~~~~~~

Vol. 14 , No. 3 (March 1977).

11. U.S. Army Missile Research and Development Command . Sunm~arv of the
4th 1T’eetin g of the DOD/NASA ~(igh Angle of Attack Working Group , —

16—17 Feb 1977. Huntsville , Ala. ,  Redstone Arsenal , Feb 197 . (In-
terna l Technical Note TDK—77—1 , publication UNCLASSIFIED.)

48

— - -~~~~~~~ - - - - — _______



., — --r’ - ~~~~ trc”~~~w 

NWC TM 3404

12. National Aero nautics and Space Administration . r e ”~~~ .4~ro-

4’~ ’~ ~~~~~~~~~~~ f~’ 
.7j~ rn.~r~’.~f- 3.~~ ~~ ~~~~~~~~~~~~~~~~~~~

;‘~~~~~ N.-a~s ~~t ~ g e ~ ~~~
‘ Attack F~’~~ 3’ t.~ .58° .z’t~ M2~~ .~~~~‘‘rr

•“~‘.~“ ~
‘.6 ..~~~ 2. ’, by L.H. Jorgensen and E.R. Nelson. Ames Research

Laboratory , Sunr.vvale, Calif., NASA , Dec 1974. (NASA TN X-3128,
publication UNCLASSIFIED.)

13. E.L. Fleeman and R.C. Nelson. “Aerodynamic Forces and Moments on a
Slend er Body With a Jet Plume for Angles of Attack Up to 180’,” pre-
sented at the 12th Aerospace Sciences Meeting , Washington , D.C.,
30 Jan— i Feb I9~4. Paper UNCLASSIFIED .

1... Naval Pos tgraduate School. ~~~~~~~~~~~~~ ~‘h~~~~~t~ r a  :.‘ . ‘ ~~~~~~~~
‘-~~~‘f., 3~~. :~~~~~~~‘ . ~~~~~~~~ ~~~~~~~ . r f :~ , by L . H .  Smith and
R.H. Nunn. Monterey , Calif., NPS, 1975 (NI’S S9NN75021, publication
UNCLASSIFIED.)

15. G.S. Pick. “Investigation of Side Forces on Ogive Cylinder Sodies
at High Angles of Attack in the N — 0.5 to 1.1 Range .” presented at
the 4th Fluid and Plasma Dynamics Conf erence , Palo Alto , Calif.,
21—23 June 1971. Paper UNCLASSIFIED .

16. McDonnell Douglas Astronautics Co.—West. ~~~~~~ ~“:•~~~~~~~~~~~ :~“:

W~Id ~~‘~:~‘ e~~, by N.M. Briggs . Huntington Beach , Calif.,
MDC, -June l97.~. (MDC G2991, publication UNCLASStFLED .~

U .  . .4 W~’
-
~: I ~~~~e -  I ’ st J.2t - ”~ ~~e .4~~ ’~~.’~v’f~’ ~

‘ ‘ ‘~~.f ” ~~.~—

2:’ ‘. -.‘ Mf ~ s f ’ e ~~~~~~~~~~~~~ z # ~r.~ Zes 4 . ~~k :~ ‘ t~’ ~~~~~~~

by N.M. Briggs. Huntington Beach, Calif., MDC , Oct 1Q70. (MDC G0 13 .
publication UNCLASSIFIED. )

49

L -



N~~ TM 3404

Appendix A

CO)~~UTER PROGRAM FOR THE CO1~PUTATION
OF TVC6 PITCHING MOMENT COEFFICIENT

AND NORMAL FORCE COEFFICIENT

51



F”— — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

NWC TM 3404

w
C,

C-

F-
F-

(N

wa

z
C,

• .
• ‘0 ‘• _
,_ .—. • Q

~~ 
..

0 ~~~~_J •-z I- . ~~~~~ •
l~J .w — •
m —~~ — ,, ,n 

~~~~~~~~~~m • 
~~ ~0’ —

~~ .—~~ r’~ X (‘re •
• *.— ~~ .) • . ‘%. a. ~• • (~~ ~~ — .

~
, _J • —• ~~~ 0%—. (N 0’. • (•‘

~ ~fl ~~ 
(~‘( ~~ ~~ L)

- . 0% — . . • •.~ .~~~ ~~~~~~~ • .,c., .0 .0 r.i rn ~~ 
S • • ~~~ ~~

. 
‘~ 1~ ~-.-_

• (N S 5 

~~~ ~~~•Ø = ~~ ~(~~fl 
.(Nu~ .0 .,•~~ — • . —— r’~ ~~ • ~~ ‘ • 1~~ • • —‘•0S •~~~ • •  ~~~ • ~~~~ ‘ %•~• ~F-

_ _(_~‘c%t•(-(N .. ~ o’ CN~~~ F-Q~ ‘0 • . .  (N • •
(fl ~~~~~~~ • ~~~~ .(N(N (~~~~ 

.ç~~~ ~~~~~~ • ‘0 .~~~~(S 4 (N~~~ W C~ ( •J•
~ ~~~(

~~~~
. _. ..,...( N 0% .  - .  ~~~ ~~~~~~~~~~ (~~~~~ • (“ i ~-. • ~~~~~~~ 0.

Z .
~~~~ ~J) ~~~~~~ • ‘0 .. ~~~(‘.~Q. ....(,

~~~~ F-(~~~~Ø ,.‘0 • ~.. • • .  • ~~ •‘0 ~‘c’5~.
. — -‘..

LI (.J X~~~ L~~~
. 

~~ .-. iN r~~~~~ 
.
~~~(N (‘~ 

. . 
~~ ~~~~~~~ • • ~~

.
—. ~~~~~~~~ •

~~~ 
. • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~F-(N .~~~~

.. • .‘. .Q’.~~~ 
(~~ ~~~~~~~~~~ (~~(N....

~~~~~~~~~~~~~~~~~~~~~~ .—(.q~~ ~~~ C’4.- •(Nc~•~—. ~~~~~~~~~~ • ~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~
. • •~J~ Z 0 —.-.

— ~~~~~~~~ 0’ — ‘.Q.~~’ • ‘O.~0 • • ~~~~~~~~~~~~~~~~~~~~~~~~~~~ • .  - ~~U. ~~~~~~~~~~~~~ ~~~~~~‘O • — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —“O • —~~~ • ~~~~ -—O’ W ‘M ‘0~~~ • ‘—(N
U. (~ ~~~..Q. ~~~~~~~~~~ • .‘0 . — • . 4

~~~(N ~jj .Ø .~~ •
LI •(N • 

~~~~~~~~~~~~~
_ •_(••%~~~ •— •~~•(N •~•~~•-:~4 (N-_ ‘.-O~ _J ~ •J•~ •~~ • — •

0 ~~~~~~~~~~ 
. - (N .

~~~
. •  

~~~~~~~~~ ~~~ .(N 4 ~~~~~~~ • ~~‘ 0 Wt”~ ‘4~ .-.(N • • ~~~~~~~~1.1 —.• r~~~~ ( - ~.~~— ~-•‘~(N— •q’ • —. o’ • ,-. • ~ ~~~~~~~~~~~~~~~~~~~~~~~ . • . ~~~~~ 
.~~, ~~~~~~ 

... .
I.. ’,. ()

~~~~~ ~~.. •‘0 • ~~~‘0(% •‘O(N . 
~~~ ‘0~4•~ ~‘...Ø% • ~~ ‘4 . . •‘0 f) • ~‘0(~~ J~~~~(N ~~~~~~~~~~

. .—. ‘.. ...j ~~~~C
,—. . (~~ 

.. .?~~ ... . . — (~~ • (N ~~~~~~~~~~ • ( )  .~~Z ~~~~~~~~~~~~~~~~ — . . 
~N ’ 0 41 0 ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~ 

S . 
~~~~~~~~~~~ .flw ~~~~~ ,—. e .. . • .r•.4 • ....( N • • ...

~~ 
. . • .~~~~~ 0’ . (N  ~~ ( 4)%fl •f~—u. •z:

~~ <~~ ~~ L’ — ~~~ (N-~~J~ • —‘•-. • • 0’ ~~~~~~~4I10 0’ • • • ~~~~< . . -~~0 0’0 ~~~~~~~~~~~~ = . . . _~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ .. Q. 
~~~~~~~~~~~~~~~~ 

.(N
~~ • __( (N • ~ ~~~~~

~~ ~~~~~ Z~~~~~~~~~~~~~~~~~~~r— 0%~~~~~ (N .
~~~ 

. .
~~~ • . .

~~~ • • .(
~~ •~~~ 

.
~~~ 

. • ~~~~
... . •. • .

~~~ ZL~~~~~~ -0
~~~>L~’<C~~~~ C.~~~ • • -~41Z ~~~ I.fl2 ~ ~~~~~~~~ ~~~~~~~~~~ 

.-....., ~~~ ~~~~~~~~ • ~~~~~~~ f( ~~~~~~~~ .
~~( )  .

~~w ~~~J)—.~~~L, • ~~~~~~~~~~~~~~~ r 4— (NL)(N~~~~~~~~~~~~~~~ LJO % ~~~~~~~~ —(N~~~’0—CN • )-— ~~~‘C~L~~~O—2 0
Z ~~~_.a f.fl 0 j .-V~~~~ 4C~~~(N ( ’~ • ~~~~~~~ • •_~••, • ._,-•-1 • ~~~~•‘4 (’~•~ ••~

_•(N • • • ~~~~~ .— 0.— ~~~
. ZljJ’J~~ J _•~~~~ (N - . .(N(

~~ 
.
~~~

Ø, ..4’)~~~ •(N’0 ~—.r’~ ~~~~~ c’= ~4 ~~~~~~~~~~~Z ~~O~~ ,———s— (.~~’w<~~ ~~~~~~~ .0’ < —~~ •~~~ • .
~~~ 

.
~~ •~~~ • .

~~~ 
. . •

~~~ 
..Q • • ~~~~~~~~~~~~~

~~~~~~~~~~ ~~~~~~~~~~~~~~~~ — . . .(Np.. • ~~~~~~ • .0%~~~ • ~~~~~~~ ~~~~~~~~ ~~~~~~~ • .
~~~. ~~~~~~~~~~~~~ •

I— t~o~ odz ~~~~~~~~ 
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~ 0%(N - ,——~~~~~u’~~~ —.~~ ~~~~~~~~>(J0Eb-~~~~~~ 0~~~~~~~~ ’0—0 .~~ 0 0 0 0 •a. ~— ~~~~~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~cj ~~~~~~~ ~~~~~~~ ~~~~~Ll ~~~~~ ~~~~~~ _~— C- ~~0c.. s—~_~ ~~~~~~• • z0 — — • ‘UJ0 ~j . —
— • • • • • •  • •

C — •..•..  • •  • 5
(.JC. J(J(J(.I (JCJ

D U I
U. •

~~J ~~ 4~~~~’fl’0F-~~Os~~. (N( r•-o:’o. ~~~ ( 4 1 ~~~f~~~~~O’.~~ - —~~1~~V~~ ~1’0r~~~~~0% ~~~~~~~~~~~~~~~~~~ F-00’~~~.-(’1~~~~~ %A~~’OCO ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~
~~0 0 %

52 
THI! ~‘A :- .’. r~ ~LST ~~~~

_______ - - -- — - ~~“- ‘~~ ~~~~ ~ e~’~-’-~~ ~~~ -~~~~~~~~~~ —— ---



- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—---~~~~~ -_ -~~~~~~ !?t r--~ -~n=~~=r~~~=--- —xv~-. z A _ ~~ .-c. - ...- - .—. 

NWC TM 3404
(N

LI

Ca.

F-
F-
CO
(N
(N

LI -
F-a

F-

C
C,

0a U.a
a

• a US a I—0 •
LI • LI
(1) a (.1• 

0
a

— • C
a
• LI

— a C,I, — • 0
— • LI

S S
N. F— • (a

• z
—• a —

N. U. CO
0 C •

— - F-. a LI
• LI (N - a . i
—~~~~~ ~~ • CO L) •
— . F- 0 • a Z 0• C  — 0% • a . —— Z
‘1) ~~ C”~ • ‘ — • ~‘ F-
0 .-.(V)N. .0 .  F- • X C  ~~‘.J• C .—— ‘.fl — ‘fl N. (N • ‘ ~~~ X ?J)U) — — • . ‘00’.  F- • U’ C C- L’.. 0 C

I— • C 0— .—.flICO • r~ 
a 

~~ _J UJZ r2 • U) (‘4 • •  I — 2 C
LI ‘( N  • ~~. ‘ C O •  C N.’.flr -0%~~.(N—.0-(N I • CO • • • ~~~~~ 0— -.‘ ‘~~ 0% 0 — •0’.— -— o • C ~~—.1) • — C’~ C — L) (tl~~ • )-•0 L.~C.) 0.— N.0% • 0. ~~~. 0’.— • .0. • — C IS U ( • ‘.0— — — — L)(~ — ——— — 0.——.(’4—— — ~~ • ~~ .—

~ C •
Ii. — .‘° ~~~ — — — • ~—‘ • r r ..~.s LJZ
U. — — —N.—.  ~~~.i—~~~~.—C -0(N—0’. —— J.—.——s0 • • )— C — QI/)_J UJC..) ~~LI ~ — 0” • ~~~~“ “ ~f s (~~ II (

~~ ‘fi • I~~Ø — • 2 ~~
.—. (I) 

~~~ j.JL’.. 0.. ~~e — — ~~~ ‘O— —~t).—.4I~0’—— (N . — — %fl’0 — • 0 N. C .—. < m <  vw —C..) = • S . . •  I— .— • —‘.fl ~ N.—.- . • •‘-00. • • (N — r~~ ~~~X C F-(.J • U~Z ‘0-• • .Q._  S•••~~~•• ~~~~~~~~~~~~~~ 
S — - .  ~~~~~~ • — •~• • L~ ~~ L) ~~~~~5— (N 1’ ~ ’0 • ~~~

.
‘15W u.—~~~0%COCN0. ‘(NC~~ CO • ~~~ (N ~~ .— Q..~~~ Cu. C-—SW = .—~2 - • • — - ~~~~~~~~~~~ • •—o — • •‘.O0- . S (

~) 
— — Z .. J 2 L) XC I.—

LI .— —(‘~I—— - 0~ — ~~~~~~~~~~ •— — ‘0 — ‘0( I—— ’~.C )a —‘XX --—-- — ~~~C —Z’.( -C P— ...j
• - .  ~~~~~~~~ 

. .
~~~~~ —  • ..0%,J~~~~~ 0. (‘4~ ~~~~~~ -~~~~~• — ~~ F-—)-Q ~~~~~~~~~~~ • ~~~~ fl ~~ • ~~~~~~ • l~. 0 0 -.0 —~~~ — Z

2 zr~ z C- 44~~—I•— C). ~~ ~~~C-~~~(’~ —C- — 2=—— —~ C0 —-.<0—~<0—~ C 20 • . c’—.-..t_) ~~‘rqL) —(..) —v10 .j ~ r’s..., •
~~~ • ,..., •—~~..,c-i~~c’~ r’.. —.— —— .—— —~~ .—•c’— • —(~~ — -~~~~ ‘.‘.. Z—~~ ‘0 • ~~~ —‘0 , <.. • ~~C .-.—.C E • ‘0— —‘0-—- ~ 0 — ‘.0 — —.  • 0 ‘I 0 “ 5— X =

* .— ——— — — •0’.—• — ~~v) —. • —— . - • .. U) ~~~~~~ 
_)_ 

~~~~~~ ‘.f )I—. ~~~~ fl • “1)0.— II
• — 5 2  ~~~0% • ‘0 (‘40. - —~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (N CX C ~~r’~C - ~~~~~~w CU) ’0CCOm0. .0cN c’4ow ~~~~~~- 5- 0r ~ -T 0 5-  L~~~ 

- ,(J 5... . 5- ~~~~ .5- U.UJ~~~5.- • •5- ~~ • •l4~~
.
~ •~~~C5- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ,  1 C- C- - -  —_
I- CO—CO •.—C0 ~~~—.C’0 ‘ (NC— • ‘ C—— C~4~ 4 W C  0.0 W 0 0 Q0 © — _-0~~~~~X~~ .— 0 0 0 C 00 0 0 0 0~~0• ~~~~~~~~~~~~~~~~~~~~~~ C-~~~ C~~~~~~0C0 .,ju~~’.. —Q. CCOL CCOt.J C’—~~ CCOC.) CCO&J CCO.J CCO • C

CO • 2W0 a -
2 5 .  a 0 — (‘.4 ~~~ 5 *C 5 .  a 0 0  0 0 a .C_fl..) C.) — — — — —

U.

J F-COO O 4~~~~~~1’0 0 . O . rf l  0.0.- U)’0F-0~ .O.-~~~~~~~~ fl’0F-COO. ‘OF-CO.~ o~~~(N(’~

?HI~ ~~~ ~j  ‘~LST ~~~A~- 1 ? V  PRAC~ I0A~ -~~
-
. \ S ‘~~

! 1 4  -

—‘-4
IS _ _ _~~ — -.--_-_____•_ ___._____ ‘.



— - — ~~~~~~~~~~~~~~~~~~~~~~ -~~
— -~————. -

NWC TM 34U4
(‘.4

Ca.

F-
F-

(.4

LI
5-
C
0

s —
-S.-, .
_-‘

__
)

I~~~~~ )
C —

—2 - 5XI~. LI
• 0

1< U.
—

C_I — -— — 5-
CX u.—E — —S

• (.3 — —
‘ ~~~~~ • C . — II

—‘5 E — )  — _ __,

2— ‘ U  LI 0 - (.3 IS — _
— . — s- X L’.. Lf) N. . ‘ I_I — • -S — S I

— S 2._IC- (.3 2 2 -a... •
U) 5 2 )  L~C.)LJ .J — (.3 — (.35 •“ • • ‘I C
F- — LI— • .d — N N ‘ CX — )  •
2 • CO — 5 .- 2 - C  ~~ C 0 • 5 ’  • • 2
LI 2 22 5 u.._, • 0 — C 2 5— — CO - — 0 - 5-
— COL) ) —w ..i ~~ .~~0 S 0. . •“ C ~ ) • C—)
C.) • N.1 .U.~u. N. ..‘ 0 • 1 < —  P.- 5 5- 5 —
— ( ‘~X N. -. .0 • C — C.) • 0 —’ .  2— 5 5 — —  —
U. — -. . -‘.~~~ — • 1< 2 r, ”< (_I LI LI-V 1<
U. SC — w ——.‘L I  4LI — — —. LI —— —CO • —CO — CS.-
LI 1(5 )—0 S ‘ I .-. Z —C-  .3 C—’ - • . • —.Z • —C • >2
0 -‘C0 ‘ I • CO -I.’.. —— ‘ C I C- —- —— (N • CS— • CS—. (N — __

(.3 • • COE- (N • SE—I — L)L.’ ‘ CO • S • CLI • XX  • X E  •
(‘~CO . • .  0 I~~~ - - 2 C N. LI CO U. • X C -0 Q_.L.) • C-LI ‘0 4=>—

5- .. I I . . ,  55 . — 5- L~ .J • C-EU. ~ •,— • __j— —U.
2 5—5 ~~X2 i< “~5 2 )  4=u. ~~~~~~ ~.fl 1<225 .—U)C • _j s- — (NC “ .r) • (NC - (‘ l—’.t) _~~~‘.. N
W C.)’-C )L’— - ‘ -  —~ I_ , Y ’  C- .--’. — ‘ L-~

_ -~~ • —•  — C — —  • 0 %  . — •  — •...0% (N •
S ~— - C • CO — — C  — — LI ~_Iu. 2’.,l - - - ,  —C,— 0. N.- 0— N. Os O.. C —. r~ N-0s O-- ’0—..~ .,~0 —‘~~~ 0%~~~~~) ~~~~~Eu. —LI . N. • U. ‘ ‘.JL)C ~~- . -— •5~~ — 0 .0 • I’,o.— .... .0 ~0-..’._
5 .—4= •-.0 )— 4=—u. ZU .. I’.j -.5 ~~~~~~ N. .-,.-.-—. ~~< ~. 

. —.< .— ‘. .—N — -0..—..: — — ‘.NN C- 22
—0 - .... 5. 5-4=(N - ~~~~~~~~~~~~~~~ . . — ~

••~ -— •~~
• •_~ — S •_ ~ •(~ 4~~~

_ _J ••_c’CS X ..J 5-2CO ._iC..)...,—Z0~..,—,.’...— Z - . — - ..3’0~~~~~— C~~~:-~~~~)’O --- ’O -—- ’.~—-0 ‘ ‘  . C M3~~~~-&)C~ 
- ,  —o—-— - -— ‘——~~~2 (.1> C~~” :z..•~ • •~~~,—N “ 1<U.:<2 J—4f) C’ - — ...- 5-. - C -~~~~~~~~~~~~~~~-

-.— —-—- -— S.-.- ‘~~~~~—-. -  -~~~~ .-_ I.- I— -~— ~~ — C_IC SE C— — , ‘  ‘ - ,  0CC ———t.~~~~L’..~ Z 1~-~< C C .JCLI’~ U L~ -. ‘.. C ~~~~~~
~~ .. J ) ”  “ZJ’.-~~..J5 I- .~~ - , - ,  ‘._h.. ~~~~~~~~~~ .‘. ~~~C— —’—  )..‘— )~ ‘— ~- i~~~~P— ’— 55— LI— ~‘.-4)’— -— 3
C.) ..J “ .4— - — — .jI ~~ ._J Z L’.. I- —~~r4L.. - - - - ‘-~ ~~~ ‘.~- - - L J. — ~2. 1- ~~ U..~~~U. .- U. ~~~ —~- 43- LI S5.— U. U.UIZ E&.’.. &. -CO JLIO . ~~-i.’.. ~~ E~~~~~~

...4= X 20_JL~. c-t~~~ ~~~~~~ _o~~~-x ..j,xoc — — -~~ ~~~~~~~ 
- ‘—- —c-— — J —4_IU.00L)’ NL.-L.)LILIQ. N N 3LILIU.C LI~~ L3~~ U.IU.~~ U. ~~~~~ La. C’.~ 4~~~~~~U.U. 1~4=a.

4=0 (.3 (.3
2 .0 • U) 0 F- CO — 0.0’C 0 • • — 0 0 — 0.0

LI LI C_I — (N-4’.4 — — — LI ~~ .. LI .fl

~~ 0F-00%c.~ .—N .4.~ .41~ON.C~~~. o-.(’, 7sfl’0F-CO0.c ’..-.(N4’~ ~~“.fl .4)r-. 00.0— NC’ s fl’0F-CO0.O—(Nf -~~ L4~ ‘fi f- . (t~(> c~ 4 ’W ,(N(N(Nr~~~~~~~N( I”4,~~ ~~~~~~~~~~~~~~~~~~~~~~ - ~~‘ 4  ‘T~~ -~ ~ V ~~~~~~~~~~~~~ ‘o’~’ -.)‘ ~~“.
- -. 

_ _ _ _  _ _



-—•-~~~~ - - -~~~~~~—•— -- - - 
- —- - -

NWC TM 3.404

•

t

F-
F-

S CO(.4
(‘•4
5-

LI

C
4=

U’
5-

S
-I

0
(“( LI

4=F-

C~

U) 2 W

LI F- Il)— — _ F-I.) — —  .
~~~~~— — •o  ‘ F- 4=U. F-S-.(’•’(-- U)

U. (fltf) U) •~I U
W ~~~~~~~~~~~~~ )  ..J
~~ ~~

)
~~)5- ~ )— • CO

I~P —~~~ II • 4= C
5-s-Os-~~~ 2 —

F- CC(.~LflU~C C-
2 -_~_

i .  C
LI ~~~~ CN r~)0 — >  —
~~~ C*( ..j —  - -  O• .

• . •~~~5-’.-0 • —
S 4=..JUSLI.-N (/5(a...Jz .J • —(.5 • . 5 -~~~~~~’02 ~~~~~~ -0 L r 4— P 2 ’

• — C ‘C 2—. .JLIJ C t~~ NX >). . j  J~~)S-Z~~ ’W
C.) II I I s~~~~~ ..- ——~~~I-00
5- 

~~~~~~~~U.U.U.C-4=u3Z2 - -
C - L i  

~

. /
4=

4= 4 = 4 =(‘4 — m  ~5 LI F-2

U.
-~~ 4FWU)’OF-CO0sO— —
~~ 

F-F-COD
a —.-~~..-

55

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -~~~~~~~~~~~~ - - - ~~~~~ -~~~~~~- - - - -



- 
-

&WC TM 3404

4

Appendix B
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