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SECTION 111

SINGLE CARRIAGE AIRLOAD PREDICTION

\

captive airloads is presented in this section. Each of the six airload

The technique for predicting single carriage six-component

components are presented in separate supsed. lons, Each airlead com-
ponent subsection is ordered into additional subsections for predicting
the basic captive airload, the incremental airload due to aircraft yaw,
and the incremental airload due to adjacent store interference. The
basic captive airlosd prediction method is generated from wind tunnel
data obtained by & zero-yaw pitch excursion of the parent alrcraft.

The aircraft yaw airloads data are generated by a pitch excursion of
the parent aircraft at selected constant yaw angles. The incremental
airloads due to aircraft yaw are obtained from the difference between
the yawed pitch polar and the zero-yaw pitch polar (basic captive air-
load). The incremental airloads due to adjacent store interference
were obtained as the cdifference between the airloads experienced by
the captive store with and without the presence of an adjacent store
through a zero-yaw r' ch excursion of the parent aircraft.

An anely £ the experimental data indicated thafi%pe store
captie airloads could be adequately described by a linear curve over
a large range of a c.e of attack. The technique presented in this
section predicts the slope and intercept at M=0.5 for each of the
store airload comp. :nts. The effects of Mach number, aircraft yaw,
and adjacent store interference are treated as increments to be sau:d
to the slope and intercept predicted at‘M=0.S. Each airload component

is computed in terms of force or moment per unit q (dynamic pressure),
and coefficients are defined by dividing the force terms by the v

store reference aresa, SREF’ and the moment terms by the product

of the store reference ared and diameter, SREFd‘ Y

To obtain the total airload experienced by a captive store,

use the generalized coefficient equation presented below.

C = + AC + B, + AC

C
XpoPAL  *BASIC "BS S *INTF
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where:
x=y’ n) N’ M’ A’z

3.1 SIDE FORCE
3.1.1 Basic Airload

f 3.1.1.1 Slope Prediction
The equation for predicting the variation of side force with

Lo i

angle of attack for Mach number 0.5 is presented below.

SF . [SF
("{;“) @« Kc( q)lp Ky Koner ¥p/c Kz KAl
PRED  SF IS0 ‘,

! vhere:
E KC (%?)w -~ Initiel side force slope prediction, see Subsection
SF IS0 2.3.2. ?

f :
E } Kn - Store spanwise position correction factor, i
3 ? Figure 13. ;
L KINTF - Correction factor accounting for the interference
1 | effect of the fuselage for high wing aircraft,
3 Figure 1k,
! E KL/C ~ Correction factor bused on store length divided
? . by the local wing Fhord, Figure 15,

1

- KZ -~ Correction factor accounting for pylon height

veriation, Figure 16,

KAl ~ Aircraft wing sweer correction factor, sinf/sin hSo, .
. vhere |\ 18 quarter chord sweep of subject wing. 3
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Exsmple:

Compute (%;)a for a 300-gallon tank on the A-T center wing

3 pylon at M=0.S5.

Required for Computation:

= ,418

Z = 23 in.

Ky _ sin 350 _

K, (——)w = (1.206)(.262) = .316 éﬁgi

~
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Figure 13
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Figure 1l

Figure 15
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Figure 16

—_— 2
(%f}a = (.326)(.96)(1.0)(1.27)(.98)(.811) = .306 gzg
PRED

51

o | ad A e eh e ke o e adth




™ a4 ~ T 220 B e o

¢ Slope - Spanwise Correction
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3.1.1.2 Slope Mach Number Correction

To compute the variation in side force slope, (%;)a’ between

M= 0.5 and ' = 2.0, use the followine expression:
(.5_11) = (§.Il> A(§_E_
s q /o q)a
M= x PRED M= x
where:
Sk . ‘
(%), - side force slope predicted at M = 0.5,
PRED
SF . ' )
A(H—)a - Increment in side force slope at M = x.
M= x

A generalized curve depicting the side force slope variation

with Mech number is given by Figure 1T.

W m,

0.5

Mach Number

figure 17. Side Force Slope - Generalized Mach Number
Variation

The slove variation with Mach number has been approximated
by a series of line&r segments with breek points occurring at Mach
numbers defined by MO‘ Ml’ Mg, M?’ and Mh' The variation of the

Mach break points is presented in Figure 18 as a function of CLO"AL
-
KA . MO ig the Mach numver where the slope initislly deviates from
1

the slope predicted wu M = 0.Y. Equetions have been developed to predict

- P . .
DR IRV s s merryesrn gl SN [ e Y S

I s i Dy o N " i -

e iSO ol




e aky S e e N g o i
d
. ! '
3

1
b the delte (incremental) slope change from that predicted at M = 0.5
! at each of the remaining Mach breek points (Ml’ M2, etc.). These
equations are presented below.
Break 1 (Ml):
A(§£ = [k (ADJ. FIN SPA) + K Is
q /oy SLOPEl INTC1 REF
E where: 1
] _ s 1 i
:, KSLOPE Veriation of ACy with ADJ. FIN SPA, inldeg °
4 1
! Figure 19.
.
- ADJ. FIN SPA - Adjusted fin side projected area, in?, defined
in Subsection 2.3.1.
i #
= 1 1
) Kinre Value of L\Cy when ADJ. FIN SPA = 0, Ten
1l Q
3 1
i 3 Figure 20.
}
S - Store reference aresa mg? £t2
REF » T
Bresk 2 (‘12)1
SF
—— 4 A
\ A(q )a, (K opr Kspopg (ADJ NOSE SPA) + Kpywo Kpyme 1Sppp }
: 2 n 2 n 2 3
. 2 2
where:
‘ KSLOPE ~ Slope correction factor based on spari -
2 position, Figure 21.
; , 1
| - : A v ’
] KSLOPEQ Variation of ACyol with ADJ. NOSE SPA, m 5
: Figure 22, 2 fj
ADJ, NOSE SPA - Adjusted nose side projected area, inz, defined
in Subsection 2.3.1.
3
¢
!
- el




%Jk“‘ ﬁﬁ%"'?@

L W T
A

N LS R PN

“arrc - Intercept correction factor based on spanwise ;
N2 position, Figure 23.
1
- J. = ——
“ierc Velue of C_ when ADJ NOSE SPA = 0, 3o,
2 a, .
Figure 24, 1

kreak 3 (MB):

SF\ ‘
8(5)a., = Wsiope sropm, D% FIN SPA) + Ky Krnoc, Srer |
3 n 3 N 3 !
3 3 !
where: g
KSLOPE ~ Slope correction factor based on spanwise f
n3 position, Figure 25, ;
1
KSLOPE3 - Veristion of 40, with ADJ. FIN SEA, E;’%ZE : i

3

Figure 26,

ADJ. FIN SPA ~ Defined under Break 1.

KINTC -~ Intercept correction factor based on spanwise
n3 pogition, Figure 27.
£ = 0. —X- )
Kinne ~ Value of ACy when ADJ. FIN SPA = 0, Tea’
3 oy

Figure 28,

PR R N S o

Breek b (Mh):

oF
o = . +
A( Q)“h [KSLOPEh(ADd FIN SPA) Km,pCh]sREF
where: .
- 1 ]
KSLOPEh - Variation of ACy with ADJ. FIN ”PA’h—YEZE s i
O :
Figure 29, 1
1
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)
ADJ. FIN SPA - Defined under Bresk 1.
1 1
- J, A = e
1 KINTCh Value of ACy vhen ADJ, FIN SP 0, deg’
E %y
Figure 30. 3
] To compute (%f)a at M = x, first determine from Figure 18
|
between which Mach number break points (I x occurs. Let MLO be the
lower Mach break and MHI be the higher Mach bresk. Caompute (—fﬁa
3 at M = x from the expression below.
“ SF _ [SF SF X = Moy SF
(e = (Do * 200k i) W00
M=x  CRED LOW T Low HI
' SF
' B A( Q><x ]
LOW
If x N MO, (%?)a will be the value obtained in Subsection
. M=x
% 3.1.1.1 (the initial term in the above equation).
| Example:
| Compute t' side force variation with angle of attack for a 300-
gallon tank on ti ( center pylon for M = 1.4,
* = 2 . i ]
- Crocar = 127:6 in
o
) Ky = sla 3o . sn
E ; sin ks
: n = b1t
! ADJ. NOSE SPA = 3111 in® (Subsection 2.3.1)
ADJ. FIN SPA = 990 in? (Subsection 2.3.1)
. - 2
} SREF = 3.83 ft
é
From Figure 18, M = 1.4 falls between M2 and M3. Let M o, = !
M, = 1.2, and M = M, = 1.6. j
]
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Breek 2 (M,):

Ksrore = .6k - Figure 21
o

Ks1orE,, -.000005 - Figure 22

KINTC = '56 - Flgure 23
o

KINT02 = .015 - Figure 2k

A(%:)a . [(.6)(~000005){3111) + (.56)(.015)]3.83 = ~.0060 S

2 deg
Break 3(M3):
KSLOPE = ‘58 - Figure 25
N3
KSLOPE3 = -.000066 '~ Figure 26
KINTC = .22 ~ Figure 27
N3
KINTCB = ,055 - Figure 28
&), = 158 | - £t
A(q)a3 [(.58)(~.000066)(990) + (.22)(.055)13.83 = -.098 5=
§‘E) = 306 .ii’f.
(q « ) deg
PRED
60
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then:

()

q

o
M

1.4

= ,306 - ,0060 + (i g

2
b ft

= .25 deg

61
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Side Force Slope - K Spanwise Correction
INTC3

Side Force Slope - Kpypc for Mach Break 3
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3.1.1.3

Intercept Prediction

Ye,

The side force intercept, (%F) , 8t M = 0.5 18 predicted
a=0
from the following relationship.
SF
il = + .
<q)a=0 [(KSLOPEl AKsmPEmTF+ AKSLOPEl ) (ADJ. FIN SPA)
PRED LE
+ K + AK + MK 1k, s
INTCl INTCINTF IN102 Al REF
LE
1
KSLOPEl - Basic variation of Cya=0 with ADJ. FIN SPA, ol
Figure 31.
AKSLOPE[NTF - Incrementsal change in KSLOPEl due to the inter-
ference effect of the fuselage for high wing
H 1 * .
aircraft —7 Figure 32
1
AKSlopel - Incremental chenge in KSLOPEl based on QLE’ e
LE Figure 33.
K Value of C vhen ADJ FIN SPA = G, Figure 3k4.
INTC -
1 a=0
+* 1 -
AKINTC Incremental change in KINTC due to the inter
INTF 1
ference effect of the fuselage for high wing
eircraft, Figure 35.
AKINTCQ ~ Incremental change in hINTCl besed on RLE’
LE Figure 36.
Example:
Compute the side force intercept, (%f) , for a 300-gallon
tank on the A-7T center pylon at M = 0.5. a=0
€9
e — » . J
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Required for Computation:

CLocAL = 127.6 in.

‘ K, = .81l
5 Al

68.2 in.
2605 in.

RLE = 75.1 in.

ADJ. FIN SPA = 990 in 2 {Subsection 2.3.1).
- 2
F = 3-83 ft

i

y

SrE

KSLOPEl = -,00073

Figure 31

AK =0
SLOPEINTF

i AKSLOPEZ =0

' LE
K = .25
INTC 1

AK =0
INTCINTF

Figure 32

Figure 33

|
Figure 3k g
i
|

Figure 35

‘ A rnee
L,
t LE

=0

Figure 36 }!

Substituting:

(§§)&=O = [(-.00073)(990) + .25}(.811)(3.83) = -1.k6 ft? ‘

q
PRED
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3.1.1.4  Intercept Mach Number Correction

The procedure for calculating the Mach number correction for
side force intercept is the same as that presented in Subsection 3.1.1.2
for the side force slope Mach number correction.

The side force intercept variation with Mach number has been
; approximated by a series of linear segments with bresk points occurring

at Mach numbers defined by M. M., M_, and M

0, Mo ¥y 3 as in Figure 37.

PRt

o(5E) o, /Aiqz)i'o A(%E)a-oB
Bono r—r\“{/ ————1
0.5 My M M, M, 3

Mach Number

Pigure 37. Side Force Intercept - Generalized Mach

Number Variation

The variation of the Mach break points is presented in

Figure 38 as a function of CLOCALKAl' My is the Mach number where the

intercept initially deviates from the intercept predicted at M = 0.5.
Equations have been developed to predict the delta (incremental) inter-

cept change from that predicted at M = 0.5 at each of the remaining

Mach break points (M

. M2, M3). These equations are presented below.

1
Break 1 (Ml):
A(g') = (K (ADJ.FIN SPA) + K X, s
q /=0 SLOPE INTC. *"A, “REF
t 1 1N
where:
1
SLOPEl - Variation of ACya=0 with ADJ.FIN SPA, o
Figure 39. 1
i
1
j
73 %
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ADJ.FIN SFA

K
INTCl

«

REF

Bresk 2 (Me):

(a0 = ¢

where:

SLOPE2

SLOPEINTF

hznwce

IN‘I‘CINTF

Breek 3 (M3):

A(%>a=o3

- Value of AC

::[K

~ AdJjusted fin side projected ares, in?, defined

in Subsection 2.3.1.

- Value of AC

OL=0l

when ADJ.FIN SPA = O,
Figure L0,

2
Td
- Store reference e.rea,l , rt?

(k AK

+ - J(ADJ.FIN SPA) + K
SLOPE, SLOPE e INIC,
+ &K

wre. K

A, RE
wrr 1 BEF

- Veristion of AC with ADJ.FIN SPA, E%T’

Figure bl. =0,

Incremental change in K due to the inter-

SLOPE2
ference effect of the fuselage for high wing &air-

craft, E%T’ Figure L2,

when ADJ.FIN SPA = 0, Figurel3.

a=02

Incremental change in K due to the inter-

INTC2
ference effect of the fuselege for high wing

aircraft, Figure Ubk.

SLOPE3(ADJ'FIN SPA) + Kyyme

X, S
3 Al REF

s s mmas




- e

where:

KSLOPE3 - Veristion of AC_ with ADJ.FIN SPA, E%’" Figure b5,
a=0
3

- ol - 1 l‘ .
Kinre Value of Acy i when ADJ.FIN SPA = 0, Figure 46
3 a—03

To compute (%E-)azo at M = x, first determine from Figure 38
between which Mach number break points M = x occurs. Let MLOW be the

lower Mach break and MH be the higher Mach break. Compute

I
SF .
(—-) at M = x from the expression below.
q /0=0
. x - M
(Do = oo * 4o * () (4,
q/0=0 q/a=0 q /a=0 MHI-MTOW q /a=0
M=x PRED LOW = HI
_A(ﬁf'.'.)a ]
/%00
If x < MO’ (%")OFO will be the value obtained in Subsection
M=x SF
3.1.1.3 (the initial term in the above equation, (—;) a=0 ).
PRED

A numericel example is included in Subsection 3.1.1.2 that

illustrates the application of the above equation.
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3.1.2 Increment - Aircraft Yaw

The store incremental side force due to aircraft yaw is
obtained from the difference between the yawed pitch polar and the
zero-yaw pitch polar data, as outlined in Section III. The incre-
mental side force slope, A(%g)a, and intercept, A(%?)a=0’ thus
obtained are essentially linear with aircraft yaw angle; therefore,
the incremental slope and intercept equations are derived and
presented per degree of store yaw angle. The incremental airloads
due to aircraft yaw are referenced to the coordinate system presented
in Subsection 2.3.1.1.

To compute the incremental side force slope, A(%?) s the

a
following equation is used.

A(%:)a = A(%")as " B

where:

A(%§)a - Incremental side force slope per degrec BS as

BS obtained by the methods presented in the fol-
lowing sections.

- Store yaw angle, deg. Equal to +WA/C for right

wing store installations or _WA/C for left wing

store installations.
The equation for incremental side force intercept, A(%?)a=0 is similar.

3.1.2.1 Slope Prediction

The equation to compute incremental side force slope per

degree BS’ A(%%)

oy is given below.

B

A~ = (K + AKX + K (AK ).
( q)aB SLOPEl SLOPEINTF QLE/L SLOPEQLE/L

(ADJ. SPA)
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it s e

where:

KSLOPE - Variation of incremental side force slope per de-

. s 2
1 gree BS with ADJ.SPA, e ft___r’ Figure h'l‘,

M
in- - deg

AK

SLOPE Incrementel change in KSLOPE due to interfer~

ence effect of the fuselage }or high wing

£t

aircraft, o —ae Figure 48.

INTF

AKSLOPE - Incrementel change in KSLOPE as & function
LE/L of QLE/I presented versus Mach number,

££2
M .
ol - deg? * Figure 50

% - Correction factor based on store length
A9
LE/L forward of the wing leading edge divided

by total store length, Figure 49.

ADJ. SPA - Total store adjusted side projected ares,
in? , from Subsection 2.3.2.
Sk

Example: Compute A(?;)a for a 300-gellon tank on the A~T center

pylon at M = 0.5 and BS = 49,

Required for Computation:

B, = U°
M= 0.5
n' = .270

bipsr = +330

ADJ. SPA = 6036.9 in® from Subsection 2.3.2.1

= T8 - Pig .
KSLCPEl b x 10 Figure h7,+ss curve




AK = 0.0 - Figure 48,+8_ curve
SLOPE [ S
K, = 0.0 - Figure 149
LE/L
AKSLOPEz = 4.8 x 10°% - Figure 50,+BS curve
LE/L
substituting,
A(%g)a = (k.0 x 107* + 0.0 + 0.0(4.8 x 1€7%))6036.9
s = 0241 -23;
' deg

and using the equation from Subsection 3.,1.2

A(%g)a B A(%f)as ' BS
S

SE. - f£t?
A(q)a (.o2k1)k = .06k 72
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5.L.2.2 Intercent Prediction

] The equation ror incremental side force intercept per
1 . 0
] legree B, A(§L>a=0 , is presented below.
3 o q 83
? A(SF) =K (ADJ .NOSE SPA) + K + AK
1 = - 0 * i ST
g/ OBS SLOPE1 IhTCl I"icINTF
3 whera:
; hSLOFEl - Varistion of incremental side force
1 intercept per degree BS with ADJ.NOTE
3 P £t Fi 51 ]
1 SPA, RT-—_—-—deg ) igure . ‘

ADJ .NOSE SPA Store adjusted nose side projected area,

in%., from Subsection 2.3.2. :

‘1 » .
i Kinre - Value of ineremental side force intercept per ;
1 . £t2 ‘o
degree Bs when ADJ. NOSE SPA = 0, Tog
| Figure 52.
| AKINqCIHWF - Tncremental change in Kpp.. dne tn inter-
- ference effect ofzthe fuselage Cor Ligh
. N f't . -
l wing eircraft, deg JFigure 53. :
' ) SF ;
! Fxample: Compute the value of A 7; =0 for a 300-gallon tank on the :
. A-T center pylon at M = 0.5 and By = -4°. A
) Required for Computation: .
i
= -}4° )
j fy .
M= 0.5 N
« I‘|' = .270 o

ADJ.NOSE SPA = 3109 in? from Subseetiin 2.%.0 [




. i ‘ ) ) - w— S e e p— At B
e 2 . et .
'
2,
.

-5 .
4 st,omal = .7 x 10 ° - Figure 51, -8, curve
F
X = .31 o™ . .
i Kyppe = +328 Figure 52, -84 curve
8Ky e = 0.0 - Figure 53, -8_ curve
hHCINTF g
substituting,
SF -5 e
E a = A + . O = L35y S
A(q)a=08 (.7 x 10 °)(3109) + .318 + 0.0 = .35y =
S
and substituting into the equation from Subsection 3.1.:,
SF) (SF) ’
;e = e * = . -] = -1, v
i A( ] o=0 A qQ a=08 BS ( 339)( l) L 356 't
i S
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3.1.3 Increment - Adjacent Store Interference

The prediction of incremental side force acting on a
subject store due o an interfering store has been developed
and presented tor two mejor caeses of interfering store location,
(1) inboard and (2) outboard of the subject store. When inter-
fering stores are located both inboard and outboard of the subject
store, the incremental side force is obtained by summing the
values calculated separately for the inboard and outboard cases.

In the prediction equations of the following sections,
several geometric relations hetween the subject store and the
interfering store are introduced. Figure 54 jllustratec

these relationsg, while definitions of the terms are ag follows:
4 -~ Diameter of the subject store, ft.

dINTF - Effective diameter of the interfering store,
ft. For a single store the effective diameter
equals the physical dlameter; for multiple
cerriage stores the effective diameter equals iz
where N is the number of stores exposed in the
front view (3 maximum) and d is the diameter

of a single store.

X 1E " Nose overlap distance, in. Distance from the
subject store nose to the interfering store
nose as measwred along e line parallel tc¢ the
subject store longitudinal axis, positive aft.

For MER carrisge, is measured from the

*INTF
nose of the forward store cluster.

yIRmF - Gtore sepsretion distance, in. Minimum latera:
clecarance bvetwaen the subjJect store and the

interfering store aus measuxrcd in the pian view.

g e
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Figure 5h, Incremental Side Force Slope Due to Interfarence -
Pictorial Description of Geometric Relations
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3.1.3.1 Slope Prediction

The equation to predict incremental side force slope

due to adlacent store interference, A(%f) s is given by the following

a
expression. INTF
+
A(g) -y Aryer(*mvrp * 290
q/e SLOPE d-y
TATF 1 INTF
where:
KSLOPE - Variation of incremental side force slope with
b X #200 2
INTF(TINTF “°°) ft . -
Ty ' Jen Figure 55.
Y 1rF g
4 - Suhject store diameter, ft.
dINTF -~ Effective diameter of the interfering store,
ft. Defined in Subsection 3.1.3.
Xpep Nose overlap distence, in. Defined in
Subsectlion 3.1.3.
e Lateral szparation distance, in. Defired in
PA B Y

Subsection 3.1.3.

Example: Calculete A(%f)a fcr e 300-gallon tenk on the A~T

INTF
center pylon with an M117 on the inbcard pylon and M = 0.5.

Required for Computation:

d = 2.2 ft
dINTF =1.335 ft
Xonmp = 54.09 in.
yIN.TF = l“-? inc

2 = e w

KSLOPF, .QUTS, Figure 55.
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Substituting,

A(‘-S-F-) = -.0075 &=
q/a
] INTF

f.-v?.
- "'0078 deg

k)
H
ke, .
g
3
3
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st e g wm s e
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3
3
: 3.1.3.2 Intercept Prediction
- The equation to predict incremental side force intercept,
SF .
A( q)a=0’ is given below.
INTF
b = ¥ (dINTFxDITF)+ "
q %;8F SLOPE1 d'yINTF INTCl
where:
{ KSLOPEl - Variation of incrementel side force intercept
d X
with L AE | 42, Figure 56.
YInTF
&INTF - Effective diameter of the interfering store,
ft , defincd ip Subsection 3.1.2. ;
:
¢ d - Subject store diameter, ft. !
i {
| I
4 RINTF Nose overlap distance, in., defined in Subsection 3.1.3. i
T £
Yigrr Store seperation distance, in., defined in
Subsection 3.1.3.
Kmvpe, = Ksropr (c . )* Kwee
1 2 ""LOCAL 2
where: 3
. L 2 .
K -~ Variation of K with , ft? , Figure 5T.
SLOPE2 INTCl CLOCAL
L - Subj)ect store length, in.
!
CLOCAL - Local wing chord length at subject store location, in. %
i
L p
K - Value of K when == = 0, ft? , Figure 53.
INTC2 INTCl CLOCAL
97
A < . T .




Example: Calculate A(§§> for a 300-gallon tank on A-T center
q/a=0yN7R

pylon with an M1l7 on inbeard pylon and M = 0,5.

Required for Computation:
d= 2.2 ft

dINTF = 1.33 £t

54.09 in.

*INTF

YineF = 14.7 in.

L= 226 in.

CLOCAL = 127.6 in.

K = 0811
Al

Keropp, = .168 - Figure 56

v e

= “0200 - Fisure 57

K
SLOPE2

KINTCQ = -,350 - Figure 58

Substituting,

_ 22 -
KI“TC:L = -,200 ('1?7'?3) + (~=.350)
~ 70k

SF . 1.33%5&.0@) z
A(q)mso 168 S5 kT 70

INTF 2
.330 £t
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3.2 YAWING MOMENT
Captive store yawing moment is referenced on the store longi-
tudinal axis at the store mid-lug (M.L.) point.

3.2.1 Basic Airload

3.2.1.1 Slope Prediction

The variation of yawing moment with angle of attack, <-Y-(:4—)a
at M = 0.5 can be predicted using the following relationship.

™ SF

— S +

<Q)a: Ke (q )\p Ky + [Kgrope Crocarkn. ) * Knyme
& § o T2 Yso 1 1 1

- + AK JK, Sod
i INTCINTF Al REF
where:
SF . e £l
K (——) ~ Initisl yewing moment slope prediction, ==
Cym' 210 deg
See Subsection 2.3.3.
! . . 1
i KSLOPEl Variation of C“a with CLOCALKAl’ Tnideg.’
j
KSLOPEl = -,0016 (constant).
H
( C ~ Aircraft local wi hord, i
LOCAL ire wing chord, in.
. ., o ps ; X - sin A
i nAl Aircraft wing sweep correction factor, EE;-E§F°
. 1 .
H - f 1 = — N
‘ KINTCl Yalue o Cna when CLOCALKnl o, deg’ Figure 59
; ) L
i \
' KINTC - f[(HSN SPA)( _aq) (NOS;:DEPA)]
1 REF - .
. where:

FIN SPA - Store fin side prolected area, in2, Subsection 2.2.2.




— - Store nose fineness ratio.

NOSE SPA - Store nose side projected area, in?, Subsection 2.2.2.

; SPA - Total side projected area of the store, in?,

Subsection 2.2.2.

4 AK -~ Increment in K due to the interference
INTCINTF IN‘I‘Cl

efTect of the fuselage for high wing sircraft,

L Figure 60.

| deg ’

|

S - Store reference area md” 12 g

REF N T %

| i

4 | d - Store diemeter (reference length), ft g
i
i Example: Calculate the variation of yawing moment with angle of /

| attack for a 300-gallon tank on the A-T center pylon at M = 0.5.

Required for Computation:
FIN SPA = Lh7T in?
= 2
SREF 3.83 £t

PRy

: d = 2.208 ft
Ln 3
i 3.7h :

NOSE SPA = 1630 in?
SPA = 5007 in?

n' = 0270 §
{

CrocaL = 127.6 in. 3
21

. [e) i

- sin Eﬁ - g

KAl sin 15 811 5
3

]
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Sionsgerion

Ryl AR

R F N g

Substituting:

KCYM(%f)wISO = (.889)(.262) = .233 g&%
(Bt ) a0SE ) - (M (D) - wae
Kpmg, = 215 Figure 59

AKINTCINTF= 0, Figure 60

(—Y%)a = (.233)(.811) + [-.0016(127.6)(.811) + .275 + 0]

3
PRED  +(.811)(3.83)(2.208) = .939(%5
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3.2.1.2 Slope Mech Number Correction

To compute the variation in yawing moment slope, (XM) s

qQ/a
% between M = 0.5 and M = 2.0, use the following expression.
(M, -, e
q/a q/a q /o
M=x PRED M=x
where:
M .
(—q—)a - Yawing moment slope predicted at M = 0.5
PRED
A M . .
(Tf)a - Increment in yawing moment slope at M=x.
M=x

The procedure for calculating the Mach number correction
for yawing moment slope is the game as thet presented in Subsection 3.1.1.2
for the side force slope Mach number correction.
3 The yawing moment slope variation with Mach number has been i
epproximated by & series of linear segments with breek points occurring

at Mach numbers defined by MO, Ml, M2, MQ, and Mh as in Figure 61.

——
@lg
g
o]

e

E lach l{umber
‘ Pigure 61. Yawing Moment Slope - Generalized Mach Number
Variation
X The variastion of the Mach breek points is presented in

Figure 62 as a function of CLOCALKAl' MO is the Mach number where
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the slope initially deviates from the slope predicted at M = 0.5.
Lquations have been developed to predict the delta (incremental)
slope change from that predicted at M = 0.5 at each of the remeining

Mach break points (Ml’ MQ’ M3, Mh)' These equations are presented
below.

Break 1 (Mw):

KC SPA
3 ™
A(‘ﬁ\ = [K (-————-—-) + K Jk, 8
q/ oy SLOPEl QLESREF INTCl Al REF
vhere: KC SPA \
. M YM ft «
Koo oo - Variation of A( ) with - ,
SLOPL1 qSREF Gl RLESREF in.deg.
Figure 63.
KC - Yawing moment correlation parameter, Subsection 2.3.3.
Y™
SPA ~ Store side projected area, in?, Subsection 2.2.2.
RLE -~ Distance that the store nose extends forward of
the aircraft wing leading edge as measured in
the wing plan view, in.
S ~ Store refer ar md’ rt?
REF e reference aree, ==,
KC SPA
Kippe, -~ Velue of A( SYM ) when 7 Yg = 0, drt, Figure 6k,
! *REF 0 LE”REF €8
K ~ Aircraft wi swe correction factor sin A__
A : Pg sweep correction factor, j s
where A is the wing quarter-chord sweep angle.
Break 2 (M2):
KC SPA
™ ™
A(-—) = (K (-—-————-)+ K. . JK, S
q/ o, SLOPE2 QLESREF INTC2 Al REF
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where: KC SPA
YM ™ £t 2
Kguopg - Varistion of 8(=H  wien ) = ,
SLOPEQ qSREF ag QLESREF in.deg.
n Figure 65,
K, SPA
M M £t
K - Value of A( ) when ———=——— = (, —
o) Q 9 ]
INIC, ppp/y, *LESREF deg
Figure 66, “
Break 3 (M3)
K, SPA
M YN
A<—) = [K (——-‘—-—) + K. K, S
q /o, SLOPE\R; £Spon IWIC, A, “REF
where: KC SEA .
2 Ko opp - Veriation of A( SYM) with paa=—, f—,
oLUEE, WREF oy “LE°REF tR-¢€é:
: Figure 67.
K, SPA {
M £t
K ~ Value of A( = ) when =0, =—,
1 INTC, pRF o, b eSher deg
} Figure 68.
i Break b (Mh):
K, SPA
M '
* A(--) = (K, (———— + K K, S
' a/, SLOPE), zLEsREF) INTC) *"A, “REF
: vhere: KC SPA )
L ™M . Y14 £
K - Variation of A( ) with s = 3
\ SLOPEb qSREF o, 2LESREF in.deg.

}, Figure 69. ;
K, SPA i
L Kpepe, - Value of A(O‘“" ) when b = 0, ;"et, Figure 70.

A 4 *REF o LE”REF &

M _ . . - E
To compute ?;'a at M = x, first determine from Figure 62

between which Much number break points M = x occurs. Let MLOW be

the lower Mach break and MHI be the higher Mach break. Compute

ol
‘ p4y! . . E
(—-)a at M = x from ‘he expressiocn below.

4
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£2

1
‘ Wy _ (M o2 o X = Mow yime
: (“E)a '(q)a q /o Myt = Mow Aqa ‘
M=x PRED L.OW ! HI ‘
M=0.5 .
1 3
] M I3
i - A(Q)Ol ] ¥ %
3 LOW i
A numerical example is included in Subsection 3.1.1.2 that L
illustrates the application of the above equation. ,:f
A
i
E 1
1 3
1
| ,
% {
l
b, |
o . { ‘ A
F |
g 1} ¢
. é
* ;
i ‘ i
f 1
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Figure 64.  Yawing Moment Slope - K for Mach Break 1
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3.2.1.3 Intercept Prediction

The velue of yawing moment intercept,(%¥>a=0, at M=0.5 is
predicted from the following relationship. 1
YM) X
(Faeo = [ + oK ) R+ K + BK K
q /a=0 SLOPEl SLOPEINTF LE INTCl INTCINTF Al
PRED
where:
K - Variation of (lﬂ> with & £§4j- Figure T1
SLOPE, q Ja=0 LE® in, *> “EWE I
AKSLOPEINTF -~ Incremental change in KSLOPE due to the
interference effecg of the fiselage for high-
wing aircraft, %&L-, Figure T2,
QLE - Distesnce that the store nose extends forward ]
of the aircraft wing leading edge as measured
in the wing plan view, in. 4
3
K - Value of (Z&) when & _=0, ft 3, Figure 73 ]
INTC1 q /a=0 LE 7° ’ :
KINTCINTF -~ Incremental chenge in KINTC due to the inter-
ference effect of the fuselage for high-wing
aircraft, ft °, Figure Th.
Kﬁ - Aircraft wing sweep correction factor,
1l sin A . .
Sin H5O where A.is the wing quarter-chord
sweep angle.
Example:

M

Compute the yawing moment int (l—)
pute Yy g ntercept, ¢/ a=0 for

e 300-gallon tank on the A-T center pylon at M=0.5.

Required for Computation:

CLOCAL = 127.6 in.

at
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e
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——

Gaat
-

.~ _ sin 35° _
KA - sin 50 - ‘811

1
n' = .27
2'LE = 75.1 in.

KSLOPEl = ~,011 - Figure T1
AK = 0 - Fisure 72
SLOPE
KINTcl = 1.1 ~ Figure T3
oK = 0 =~ Figure T4
INTC, e
substituting,
<%¥)a=0 = [(-.01140)(75.1)+1.140](.811) = .22 £t ?
t
§
. 1
1
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3.2.1.4 Intercept Mach Number Correction

The procedure for calculating the Mach number correction for
yawing moment intercept is the same as that presented in Subsection 3.1.1.2
for the side force slope Mach number correction.

The yawing moment intercept variation with Mach number has been
approximated by a series of linear segments with break points occuring
at Mach numbers defined by Mo, Ml’ M2’ £d M3 as in Figure T5.

M
83 ax 2
Q"Ol <
@ -
q /a=0 '
|1 | l
N N | 4
1 1 ! T
0.5 My M %2 "3
Mach Number

Figure 75. Yawing Moment Intercept - Generalizeé 'ach
Number Variation

The variation of the Mach break points is presented in
Figure 76 as a function of CLOCAL KA . Mo is the Mach number where
the intercept initlielly deviates ?rom the intercept predicted at
M=0.5. Equations have been developed to predict the delta (incremental)
intercept change from that predicted at M=0.5 at each of the remaining
Mach break points (Ml’ My, M ). These equations are presented below.

3
Bresk 1 Oﬁll:
™ - a
4 ( q)a=0 = (Ksropp, *1& * Kmvrce, ) o, Sper
1 1l 1 1

where:

. ™ \ L.

K - Variation of A( ) with 2., 5=, Figure T7.

SLOPE, S ppp we0, LE® in.

lLE - Defined in Subsection 3.2.1.3.

~ Value of A( ;M )

when % = 0, £t , Figure 78.
Bppr LE

K
INTC, a=0,
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1
KA - Defined in Subsection 3.2.1.3.
1
3 ~ Store reference area sl rt2
REF L
Break 2 (2‘12): .
] YM
A(-—-) ={( + AK .+ K
q a=02 SI..OPE2 SLOPEIN‘I‘F LE INTC2 . §
+ AK JK, S |
INTC ye A, “REF | 1
5
E where: i
3 . ™ f't.
; K - Variation of & ( ) with £ _, =, ‘
SLOPE2 quEF a=02 LE® in.
Figure T9.
AKSLOPEINTF- Incremental change in KSLOPEQ due to the inter-
ference effect of the fuselage for hLigh wing
. aircraft, f—t-', Figure 80.
1 in/
!
- g’IE -~ Defined in Subsection 3.2.1.3.
o
1 K - Value of A( Y ) when £ _ = 0, ft
9 2] [l - ’ )
f Figure 81. ;
: §
AKIN‘.I'C - Incremental change in KIN‘I’C due to the inter-
t INTF 2
. ference effect of the fuselage for high wing 1
4
eircraft, ft., Figure 82. ;
; ,
K, - Defined in Subsection 3.2.1.3. :
. 1
SREF ~ Defined under Break 1. )
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Rreak 3 (M3):

™

A(—{{)a=o3 = (KSLOPE;’LE * KINTC3)KA18REF

where:

K . ™M
SLOPEa- Variation in A( )

qS =
REF o O3

QLE - Defined in Subsection 3.2.1.3.

™ _ .
KINTC - Value of ( 3 ) vwhen QLE = 0, ft , Figure 8k,

WREF/ 020

3 3

KA - Defined in Subsection 3.2.1.3.

SREF - Defined under Break 1.

To compute (M)

2 =0 at M = x, first determine from Figure T6

between which Mach nunber break pointe M = x occurs. Let MLow be
the lower Mach break and MHI be the higher Mach break. Compute

(%%)a=o at M = x from the expression below.

™ ™ ™ X - Mow ™
(—q'>a=0 N <-<T)u=0 * A(T)OFO ¥ (MHI - MLow)[Ah-) a=0
=x PRED LOW HI
M=0.5
™
"A<-<f)a=0
LOW

A numerical example is included in Subscetion 3.1.1.2 that

illustrates the application of the above equation.

£ 83.
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