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CENTER OF PRESSURE CALCULATIONS

Baclkground

The most important characterictic of
a model rocket is its stability.

A rocket's static stability is affected Dy the
relative pocitionz of its center of gravity(C.G.)
and its center of pressure(C.P.). As ies well
known, the static margin of a roclet is_the
distance between the C.G. and C.P. 4 réchet is
statically stable if the C.P. is behind the

CeG.; also, it is more stable for a larger static
margin,

The center of gravity of a rocket is
casily determined by a simple balance test. The
center of precsure, determination is much more
difficult, any methods for determining the
C.P. have been proposed., The majority of them
boil down to the determination of the center of
lateral area vhich is the C.P. of the rocket if it
were flying sideways. The center of lateral
area ic a concervative ectimate; that is, it is
fortrard of the actusl C.T.; and, as such, is not
a bad method for “he beginner, However, as model
rocketry becomes more sophisticated, and roclkete-
ers become more comcerned with reducing the static
margin to the bare ninimum; to reduce weather-
cocking a more accurate method is called for.

The center of pressure is the furthest
aft at zero angle of attack. By calculating the
C.Z. at <=0 therefore; one hav the least
conservative value, It is this value “o which
any safety nargin should be added,

. The advantage of this method is that
1t reduces the static marcin to a safe and pre-
determined minimum,

The existance of an easily apnlicable
et of equations for the calculation of the
«Ze 2llows the rocketeer to truly design his

|



Backeround (cont. )

birds before any construction tzkes place. Since,
by necess ity, the derivation of any equations
requlres a predetermined cknflguratlon- a2 method
of iteration must be used to determine the final

design.
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CENTER CF PRISSURD CALCULATICIS

Objective: To derive the subsonic theoretical
center of prescure equations of a
general rocket configuration. And
to simplify the resulting equations
without a great loss of accuracy co
that the average leader can use them,

Method of Approach:

1, Divide rocket into separate portions.

2, Analyse each portion separatly.

3. Analyse the interference effects
between the portions.

4, Sinplify the calculations where
nececsary.

5. QRecombine the resulte of the separate
analyvses to obtain the f£inal answer,

6. Verify Analysis by experiment.

Assumntions:

1. Flow over rocket is potential flow,
ie, no vorticec or friction

2. Point of the nose is sharp.

3., Tins are thin flat plates with no
cant,

4. The angle of attfack ic very near zero.

5. The flow is ctcady state and subsonic,

6. The rocket is a rigid body,

7. “he rocket ig axially symaetric,

lw



Portioning of Rocket

A rocket is, in general, comnosed of
the following portions:

1. Nose

e | Cone @
_< - Oeive . _§

2 Cyvlindrical Body

4 )

Diffe-ent diamecters before and after

any conical sholder..

3. Conicel cholder

. wonical Doattail

4

N



5. Fins




AN
|

0 X

. 2
eference area = 794—‘/

| o)

ALrce cf£ One f£in
Aspect Ratio

Generel Fin Chord Ilenzth

5N

llondinensional Aerodynamic Pitching lloment

Cocfficient = M #gd

Slonc of lloment Cocfliicient Curve at «

aCm/J’( /K’O

l’can Acrodynaraic Chord,

londimansional ferodvnanic ormal Torce

9,

R ) -y ~ o~ . aa’
Slope of the Torce JociZficient at <=0, 4«/«-0.
“oot Chord Iecncth
M Y aea Ay deTy
B U:'C.;.d I!':As‘)g--
“cference Length = Diameter at the base

of the nose

-2 & [a P . o Ty oy I
oiecerich'e Sorcelation Zaraniciar

. T iade -
Llalcncce Lo tlo
T - [ -
lncaricrence TFactor

Sody lortion Iencsth

] -

ensth of Tin Miidchord Line

h i - e ) 3 bt I R N P N -
iocal Jorodiminde riteWluo Terant Mdout
- an e =N N P - e q

Jront of tho Rodr Tortion

Local lerodvnanic Vormel Torce
s - 2
Drnanic Irescvre = 4/

Tadliuc of Zody Tetireun Tias

the



TJocal Crocceetionsgl Areca

S

V., = Trec Streem Velocity

&
it
t
(o}
0
1]
el
|
Q
A
5
a
0
v
&
|—l
[}
0
H
ct
<

Generel Dictance .dong Dody

= Qenter of Trecsure Location

h]

= Distance Setween the oce Tin znd the
F S S . - A i
Lecading Zéze of the Fin Doot Sherd

tenee Setiecn the Doot Thord Teadine
N L)

e and Lhc Tip Chord Lcadin~ Zize in
irection Tarzllel to the Dodr

Zencral Fin Tpantrise Jocrdinate

~X

RN * o K2 XY - - -
= .f'\.";.".'\ '.LSG Leceacion oL lczn Le "O""‘C‘."-..L

uuord

~nle of Attack

"

N - ~ =2 -~ . > -—
creipE ol in Loading Zage

o
2
o- = Sircep of Fin liddchord Line
Py rin Taper Ratio = Ct/fr

"
¢J
o}
(AN

4
4

= lloce
C5 = 2sonical Shoulder
CF = Conical Doattzil
7(8) = Tail in the Iresence of the Sody



BCDY AERCDVIIAIIICS DLRIVATICIS

llormal Force Coef icient Slonre

General:

For an axially symmectric body of
revolution; from reference 4; the subsonic steady
state aerodynamic running normmal load ic Ziven by

hex) = p 4 ;’};[Sfx)w(f\)_] D)

where; (See 4%9ure /) C
.M =

(x) =¥ The running normel load per unit length,
/° = Trec stream density

Vo = Free strean air spced
S(x) = Local croscectional arca
w(x) = Local dovnwash at a Siven point on

the bodw,
4 rigid body has the detmwesh given by;
Wix) = V; o @

Thus;
o 95(x)

1 (x) =/% T &

hal

5y the definition of nommal force cocflicient;

_ X)) #lx) -
WO -G o @

Substituting equation 3 into 4

W) = 2 - 222 ®
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but;

therefore;

X

) $x) V)

> x

Dy the definition of the normal force

coefficient curve slope;

oo -

o C
Ch, (¥ = —3} =
o O

In order to obtein the

35-():_)
Tof X OX @

total Cak , Tquation 7

is inte,rated over the length of the body;

V4

(4

Cince ‘?/,7,11 is not a function of X ;

C f)f(;r)’(

L
l ;5(7()

o

@

zerfomming the interration in 9; and noting that

the antiderivative of;

¥s(x)
>

-e

S(x)

1o



Then;

o<

c, = == 55‘)'”)] 2

Imedia..ly it 'is noticed that Chg J_s
indcpencent of the shape of the body as long a
the body ic such that the intesration is Vc.lld

uquatlon 10 is now applied to the
different portions of the body. - =

lose
‘ For the nose; Sfo) = O
STo) Sa)
S}~
Thus:
Cag = 7/’41[5(‘)"0‘7 @
But;
Tl
Sle) = —¢
Thus;
Co), = 2 |Ger rati) @

This recult holds for or: Gives, cones, or parc.bollc
shapes; as well zs any other shape that varies
smoothly,

Cylindrical Dody

For any cylindrical body; S (%) = S(o)



1z

Thus;

<, = O (F)

ol

This says that there is no lift on the cylindrical

body portions at low giles of attacl. -
Conical Sholder

Squation 10 is directly appliceble to
both Conical sholders and boattails

gsl;_q— (\./Sz,

Coniecal Doattail

5™ ./' S 3

G, = 265 @

) Since % is less thanis s for a conical
boattail, the value of (Ca ), is negative for
anzles of attac!: near zero,




BCDY AERODYNANMICS DLRIVATIONS

Center of Pressure

Ceneral ;

By definition, the pitching moment of
the local normal aerodynamic force about the front
of the body (x=0)isy

Mx) = Xn(x) (o

Substituting equation 3 into equation 16 =

2 (x)
Mix) = S ate X @

Dy definition of the aecrodynamic pitching moment
coefficient,

mex) Acx)

Subctituting equation 17 into equation 18;

C;n(%) - zi;i;( é;{:k) ‘I’
but;
A = Fd*
Therefore,
Cp(n) = Zxx 35
Mm

TA° X



e

By the definition of moment coefficient curve slope;

2G| - S SN @
o =0

C/-,,L(X) T T3x Tol?  3x

In order to obtain the total Can
equation 21 is integrated over the length of the body;

L

_ Ex 5(x)

Che = ) mE sx &2
o

Since & 3 is not a fuﬁction of X ;
ol

L

Y 9.5(x)
Ch, = 7/‘,,/3[?( T A )
o

Perforning the integration in 23 by parts ;

H4 =x



By definition, the second term in 24 is the volume
of the body;

4

9 = /S(X)a/;c X,
A v
Thus;
C, = gm|ts@-v] . @D
» Tof -
“he center of pressure of the body is defined as;
”%
< — <
X a//——% &D
Substituting equations 1C ani 26 into equation 27;

LS() — VU

S(t) ~ S¢e)

X|

Dividing numerator and denominator by .9(4);

g

_ ¢ - Hw

X = / — SCO) ‘
S0y

The center of prescure, then, is a
definite function of the body shape which determines
the volume,

Cquation 29 is now applied to the dif-
ferent portions of the body,

wose

The nose shapes most often used are that
of either a cone or an ogive. Thus; X is determined
for those particular shapes,
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B 8

o= —327:/”"'4 = 5 [ s)

Thus; -
L

nga) = é G9
also; S(e) = O
thus;

S() _

S) © @
Therefore;

o s-%

X = /) —o
or,

‘S(_/V = }%é’ cove @
Ocive

From reference 2; for a tangent ogzive,

v- 2, N 3 L L
i T A 3P - e ) @



\

where;
f=a é?

Again; the denominator is 1, since JSé) =0 .
Thus;

Ve

X = /4 - 3% G2

Dividing equation 35 by o ;

v

X
d £ - of S(z)
or, subctituting equation 33 in equation 36

X=r T 8) + £+ (Filres 4)% ,614.4 ] &
f¢4—£7c({ Syl 38 - (F2 %) (s 4" [m)]

Cquation 37 is solved numerically and plotied in
figure 2 . A computer program, as listed on the
next page, was used to do the calculation with
extreme accuracy.

As can be secn in figure 2 , the resultant
curve is very nearly a straight line. Thus; equatlon
57 ray be approxmated very well be the equation of
the straight line as long as ¥ is rreater than one (1) .

s&“

LFEE£ = 466 Y

A:/HA/"‘ ’ '.’"'"

dividing both sides of equation 38 by / ;

}_(:V = . F66 L |osivE
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C CENTER OF PRESSURE GF AN OGIVE
DOUBLE PRECISION AyByCyDyEsF4GeHy XCP ST T
WRITE(64,2)
2 FORFMAT({1I3AdT F X/D)
DO 10 I=1,10
F=1 -
A=F%F
b=+ M 25 -
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[BEY 3
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GEF7/E - B T
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STOP
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X/D
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Cylindrical Body

Since (4, =@ for a cylindrical body,
calculation of X is not necessary.

Canical Sholder

+
A

The volume of a conical frustrum is;

o= T (o rdd td) @

or

or

But, since

5; = 5()
then,
U L 5 ’//
?) = 3 3.:4' z*”) @



4lso,
NS
5, '(I/Z-

thus,
% < 4 [/"' (,/,)] ‘

Substituting equation 42 in equation 29,

-Gl g ()]
)

]

X

/ —= Ste)
aZain; noting that
S)
Ech (7;)
and cxpanding;
32 -/ 0’)

X = -——-——-—-—z-___z___
~(%4,)

. _
= £ /)2 - v,

= £ /“Eﬁﬁlz I/
3 7 2 + /Jz
/‘(41) L
/=)

| {Pﬁbv. /'p‘m f’

of
held e,
54 D,

GaT7a/l

/ /
Z , .
\/’:f\' = E— (/ T..:T) Q})&r'r _,?.hi‘ .}/o, EES
“TL & o




\©2

Gonical Doattail

Since no distinction ac to Jircection of
the conicel frustrum was made in derivineg equation
44, it holds true also for a fructrun with the
dimensions chown;

I —_—
0// -~ /£ a2

b "
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FII AZNODYILITICS DENMIVATICHS

ormal Force Zoefficient Slone

From Neference 1, by a theory cf
Diederich, Ckk of a finite flat plate it given by;

C/V,(_ = = ey

vvhere:

a two dimensionzl e:rfo_l.
Diecderich's correlation narancter
Area of one fin

Ckg iormaal force cocflicient clone of

A¢

Jiccording to Diederichg

AR
47 G, oz @

Sy the thin airfoil theory of potential Zlowg

“, =27

Lt
Thus;

£ o= R
' - o2 T
Substituting cquations 47 and 48 into 45;

27 R (%)

Co, = —
= 2 + R / 7 crtr—
W 7" &Z.

&




Simplifying;
27 R ()
C, =

< Z*]/;;—(C:‘&)? @

This is (, Zfor a single fin.
o

A typiecal fin has the georetry shovn in ficure 3,
411 finc can be idealized into a £in or a sct of

fins having ctraizht line edges as showm in
figure 3 P =

Subetituting 51 and 52 into the nurerator of cauation 503

2) e
R TR //g) = ,Z,X% 7;@,;)

27R(%) = 7£(3)° &

Jy trigonometric dcfinitiong



HMeorn

Aerod y namig

Frevps 3 -
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Chord

Q;{arfgr Chord
Line

M - Chord

/ Li/ine

Finv  Geore TRy




Then;

AR 2z s~

Cozg~ ,4_(_‘

~-.

But; from scometry;
- (229 );
e = (T

Therefore;

y3 2258

» Co20 ( C,.;C*)/
R
- a4
=T Gt C, @

Substituting 55 into the denominator of 5Q;

Z'*ﬂf/%)z = Z?"/f‘/' C’ﬁ*
2 f }/r—if-47/ ‘)

Z"LV RV 20 Y
=
Stbstituting ccuation 53 and 56 into 50;
2
Ly
/(%)

Z 1+ 2
}/9 7 c'fz;

C;ZL =

&

N
16



Simplifying;

l

5 (%)
Co

d_/ff*cw>

Cquation 57 gives G for a single fin.
4 four f£in roclet, having two £ins in the planc
nomel te the plane of the angle of attacl: (sec
Zizure 44 ) has the G, of;

D

(CA/ /5 (;)

T =>1

4 thre. finned rocket has its fias
spaced 120° apart. Asguling that the 3 finned
rocket flve with one IZin in che plane of the
anjle of attacl, with (CVSJ:" G, o one fing
(Cee fisure #4 )

CA{C = Z—(CA/‘/%300
)/"

i\

2 (Cy,

7[3-[4&),

0O
N
fl

(c&) — 37/._3_ (y);

g /f'/if’cr(r)

or {ee q/a/f’ﬂﬂ/‘"'v 2

s (%)
/=
/ Z// 7 c+c,)
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Center of Eressure

Trom the potentizl theory ol subsonic
flow, the center of pressure of a two dinenszionel
airfoil is located at 1/4 Lhe length of its chord
fron ite leading edre., Thus; on a threc dirmensional
£in, the center of rressure cho '1d be located along
the quarter chord line.

3y definition, the spanwise center of

prescure is located alonz the mean acrod;nanic
cnord. Therefore, by the above ar ”UﬂeﬁthLn” Tin
ceater of prescur e ic located at the intersection
of the auvarter chord line and the mean aerodimanic
chrord, (fee fizvre 3 )

It romains to detemnine the lencth
position of the nean acrod:namic chord.

37 definition, the mcan cerod:manic

)

- !
Cor = 2 ¢ oy @,

ral e 5_)
Arca of one fin.
Ser.isrnan of one fin.
= xCHC"nlizcd hord.

= CZranvice coordinate

wviere; (Cee £in

,_-
s I—’

~<ond
1l

ts

1 Tie fon:?:l .cec¢ Chord is a function of
. ' oo : .
the span, To Iind this fumetion, a proportionclity
rclation ig set v, (See ficure

c

\
0

L* A*_/ — A*_S @

Trony the fi-rct o tTeIrms;

C = Cr (LR’)’)
L%

{

C = 6 — f6

-
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Tronr the firet znd least terms

94* = (;’Z*'—(;";

or
L* [C,. '(4') = (r5
or
L 76(C ) =L (1-2)= 85

N @3

substituting 63 intc G2

c = C,.[/-/- (231))’]

subctituting 64 ‘nto GO
5
/ 2 [ . -/ 2
C;%4 - ‘{ﬁ //:;' / *'(?;U)(J7‘d>/
o
Lmandingg

C = C',,Z ’ A/ '/li//
e ‘;;ﬁ:/ +Z(—5’)y1‘ /3:«—)7 ”



rerforming the integration;
.2 P 5 , 5
C/"A = -’TF.[/;// 7&2&//0/7 /—ﬂ/vz/
/] 4 -7
.2 5 5 5
= 7,’;(4’)1 r2a) %] +AZZ?§)'_’Zj
2
=B rasiosa's] @

Zubetitute 06 in 65 and cimplifwing

CZ
Chyg = —;f‘ /] +AS + 4 Af_]

[/ F (x-1) + 4 (}~/)]

™ b - . a
suty by seonectry

= 4(¢re,)s a:
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