APPENDIX G Force and Moment Calculations

G.1Forces

9
The forces are calculated in CFL3D as fal4o Let Fi be the total dimensional force
acting on the suace element, with areas,, normalized byq,,S, , Where

- 1e 2
qoo - 2poo|v|°° (G-1)

and s, is the reference area. In what foil® S, ands are talen in terms of grid
dimensions. Then the dimensionless force (forcefictait) acting on elemeritis

TV

2 I
FI = (G-2)

qoosr ef

2> . . 2 2 .
Fi is composed of pressure and viscous componéﬁtand FY, respectiely. The total
force coeficient is computed by summing the conitibns from all specified swate ele-

ments:
N N
F = ZFl (G-3)

G.1.1Pressue Component

9
F|IO is normal to the suate.

1
B_F S om x2) = 2 _2
o 2P PP s P (Pedl) =P/ (Peb). s PV
SrefFl = 1. ~p2n = 2 ~2 .2 SN = 2—=-§N (G-4)
époo|v|°0 |V|°°/aoo Moo
Therefore
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~ 2P 2 ~
Sref Fo= 2 (yp - 1)S|ﬁ (G-5)
YM,,

The x, y, andz components oﬁp are obtained by multiplying Equation (G-5) by the
appropriate direction cosineoFexample, if element lies on an = constant sué&fce,

A= O¢ (©6)
~ 2P 2 ~ 7
Sref(FI )X = __Z(Vp_l)S|EX
YM,,
~ 2p 2 ~ 7z
Sref(FI )y = ‘_Z(Vp—l)sﬁy (G-7)
YM,
~ 2P 2 ~7Z
Sref(Fl )Z = _Z(Vp_l)S|EZ

YM,,

whereéx = &./|08|, & = £/|0E, andé, = £,/|0F.
G.1.2Viscous Component

SV i
Fi is tangential to the swate.

N >~ ~2
s ot gV (Pela)e 2 b )
refm T 1.~ 20 T =2 g T T2 ;
zpoo|v|oo |V|°°/aoo M°°

Consider the fl near a sudce elemenkt of ani = constant sudce. (See Figure G-1.)

<!
>

<ui

Figure G-1. Viscous force componenxample.
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G.1.2 Viscous Component

In the figure,
. .
V = velocity vector
> .
Vn = normal velocity vector (G-9)
S . .
Vi = tangential velocity vectorQ(on the surface
and
N
Vt = V—-Vn (G-10)
~ 55
~ > —
fo= - ga—g s o1
an on
where
- ~
Vin = @ [ﬁ%—z‘ (G-12)

~

> s . . . . .

(v [R is the normalized contvariant \elocity andn is the unit sudce normal.) The
-

component ot isti O

5 > ; >D ~ 5
G o O d-vadl o[- oy
Dx = M on =M on (G-13)
Similarly,

. ~a[\7—§ Dﬁgy}

(Ty = K 37 (G-14)

(%) B ~6[w—D Eﬁ%z} ]
1)z = U aﬁ (G-15)

Consider the nondimensionalization of theomponent ofI:
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~ ~ >
2N (%|)x _ 1 ~a|:u_@ [h%x}
(T|)X - 6 az - 6 ~2 EIJ' aﬁ

(T)x = —= = -
* BulVwlg 8w Ho a7/ Lr)
Therefore,
Gy, = Mo dlu-(V d)E
Ix = ReiR an

(G-16)

(G-17)

(G-18)

with similar expressions fo(%.)y and(ﬁ)z. The dewative is evaluated using the cell-cen-

ter and vall values of a cell @ume like that shan in Figure G-2.

volume of cell= v,

Figure G-2. Cell volume &ample.
That is, for thex component,

a[a—gé ﬁ%x} _ [

on

fz
S
5y

7

O|
o

(G-19)

where the subscript denotes the cell-centenlue and[t]— @ Eﬁ%x} =0 on a solid

wall with the no-slip assumption. So
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G.2 Moments

(T1)x = Re M1 f = Re~°°u%~jaﬁ—§ Eﬁgx}c (6-20)
2

Thus, for thex component of the viscous force,

~ >V 2 5. ~
Sref (F)x = 5 (T)x = u[u (v D%)ax]c~ (G-21)
e T 2 M., R
Similarly,
>V 4 > &
~ 2.3
Srer (F1)y = M Re- Hlv—(V D%)Ey]cv—l (G-22)
(0] LR
>V 4 = §|2
~ _ 9 ~
Srer (F1)z = WReiRu[W—(V Eh)EZ]C\”/_I (G-23)
G.2Moments

The moments due to the forces acting on an element are determinedves 1odb
> >p 2V
(F)x = (FI +F1)y
> > >
(F)y = (F|p + F;/)y (G-24)
> >p 2V
(F)z = (F +F),

Figure G-2 illustrates the directions of the moments. All moments arevpasitiounter
clockwise when vieed from the posiie axis. The corentions (assuming points devn-
stream and points up) are

M, : rolling moment; positie for counteiclockwise roll when vieed from devnstream.
M, pitching moment; posite for pitch up.

M,: yawing moment; positie for counteiclockwise yav when vieved from abwe.
Therefore,
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)
mc (moment center)

Figure G-3. Moment directions.

(M)x = [+(FD)2(Fa—Vime) = (F1)y(Za— Zrnc) ]/ Bret
(ml)y = [—(El)z(;(a—;(mc) + (El)x(ia—imc)]/ﬁref (G-25)

(M1)z = [+(F1)y(Xa = Kine) ~(FOX(Va= Yine) ]/ Dres

. e S e I
Note that the reference length used to nondimension@lizy, is c. ., while (M1)z is

ref
made dimensionless wiﬁ)}ef . This is the defult for CFL3D-type grids or PLCBD-type
grids withialph = 0 (see “I'3 - Flav Conditions” on pag&9). Hawvever, if a PLOTI3D-
type grid is used withalph = 1, then(l\7l|)y is made nondimensional wiﬂr}ef and(l\7l|)z

. . . . = . : =

is made dimensionless witt} ;. (Mi)x is alvays made dimensionless wither . By
switching the reference lengths basediaph, the moment coé€ient that is normally
associated with the pitching moment iways based o, , while the moment cof

cient that is normally associated with thevyreg moment is alays based or’Bref.

= ~ . : : :
Because(Mi)x always usesber, the moment coétient associated with the rolling

moment is based oy .
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