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=SP pack open at 0.11 s
=SP at line stretch at 0.21 s
= PP collapse at 0.50s

/5=SPatfm a xat1.14s
' SP at first inflation at 1.22s

Fig. 2 Sled test of apex-attached parachute system; M =0.6, PP = 8
ft.,SP = 26.5ft.

M=0,321
W=500lb
PP = 9 f t
SP-26.5 ft

0,5 1,0
TIME AFTER LINE STRETCH sec

Fig. 3 Experimental result of test 726.

height h, and the trajectory angle of the forebody 7. Captions
tl through t5 are the event markers where t = 0 is taken as the
instant of tail can separation.

Figure 2 refers to the apex attached parachute system with
the 8 ft diam primary parachute (PP) attached to the 26.5
secondary parachute (SP). Here the inflation time is 1.01 s.
compared to 0.56 previously. The altitude loss has increased
to 13 ft compared to 9 ft., while the peak force has fallen to
9100 Ib compared to 29,700 Ib previously. In principle, the
force-time curves are of double peaked form for the apex-
attached system, while there is only one large peak for the
regular system.

Experimental Result
A number of test firings have been made on the rocket sled

facility at Sandia Laboratories, Albuquerque. The object of
these tests was to confirm the performance of the system
described in Figs. 1 and 2. The trials undertaken so far are still
in the "work-up" stage at Mach numbers around 0.3.

A typical experimental result is shown in Fig. 3 for test 726
at Mach 0.321. Here the longitudinal accelerometer record is

directly related to the drag force on the forebody. The in-
flation time was measured at 1.25 s with a peak inflation load
of only 6000 Ib. The primary parachute load peaked at 15,000
Ib during the initial snatch.

It should also be noted that the primary parachute tended to
"breathe" at about 10 Hz in the period given by 0.3-0.8 s
after the initial line stretch.

The tests conducted so far have confirmed that the large
increases in the inflation time of the secondary parachute can
be achieved by use of an attached apex parachute.

Conclusions
In short, it is believed that the apex attached parachute

system should be investigated further. The following benefits
should accrue:

1) The peak inflation loads can be reduced by a factor of 2
or 3.

2) Eliminates the use of fixed-time, conventional
pyrotechnic reefing cutters.

3) The main or secondary parachute is inertially and
aerodynamically reefed over the full deployment q range.

4) The canopy strength requirements are dramatically
reduced. This reduction in strength should allow a
replacement of ribbons by regular fabric.

5) The overall system weight should be about 40% less than
the weight of a conventionally reefed ribbon parachute
system. This statement takes due account of the extra weight
involved in the primary parachute system.

6) No severe altitude penalty is incurred in the overall
deployment.
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Note on the Yawing Moment Due to
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i
Introduction

N Ref. 1, Babister has presented the following expression
for yawing moment coefficient due to side slip for swept-
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back wings having no dihedral,

2osinA
55 src«-CDa!)Chhdh (1)

In deriving the above expression, he has assumed the strip
theory. However, a close examination of this reveals that he
has not taken into account the relative change in thl normal
dynamic pressure over the wings due to side slipping motion
as shown in Fig. 1. He has considered only the relative change
in the wing incidences consequent to side slipping motion and
ignored the relative change in dynamic pressures. Sur-
prisingly, this point does not seem to have been noticed so far
by, for example, the Engineering Science Data Sheets,2 USAF
Stability and Control Datcom,3 or even the more recent work
by Roskam.4 It appears that, as Roskam has stated, it is
conservative to ignore the wing contribution to Cnp in general.

The object of this Note is to point out that the effect of the
relative change in dynamic pressure over the wings due to side
slipping flow should not be ignored. This effect, as is
demonstrated in this Note with the help of a numerical
example, can be quite large, particularly for highly swept-
back wings.

Derivation of Expression for Cn/3
Let us consider an untapered, untwisted swept-back wing

ADFCBE with no dihedral, the quarter chord line being swept
back at an angle A. Let a be the angle of attack of the root
chord. The angle of attack of a chordwise strip RT of the
starboard wing, perpendicular to the quarter chord line is
given by,l

ah = asecA/ (/ + 0tanA) (2)

The component of force along the chord RT,

dF= dLsin (as — <xh) + dDcos(a5 — oth) (3)

(* s -a(h )

FORCES ON STRIP RT

where a5=asecA, the local incidence of strip RT in
equilibrium flight.

The normal dynamic pressure over the starboard wing is
equal to

+ 0tanA) 2 (4)

C, asecA
(7 + /3tanA)

(5)

where we have assumed, sin(«5 - ah ) = as - oth = a/3sinA
sec2 A and cos(a5 - ah ) = 1 .

Noting that CLj =CLa secA and the induced drag coef-
ficient, CDil =CDaasecA,awhere the suffix / denotes the local
value, the yawing moment of the starboard wing about the
OZ axis is given by,

( ssecA
[CL/.a/3sinA-sec2Ao

+ CDa/asecA ] Ch - hdh

Similarly the yawing moment of the port wing is,

S ssecA
[CL/-a0sinAsec2Ao

-Cmi(l- 0tanA ) - CDa/asecA ] Ch hdh

(6)

(7)

Neglecting higher order terms involving 02, etc., the net
yawing moment about the OZ axis is,

S SsecA
[ CL/c*j3sinAsec2 A + 2/3CDOltanAo

+ Cjfc, • asec AjStan A ] Ch dh (8)

or
2sinA f5secA

Ss
5s

(9)

The difference between the two values of Cnj8 as given by Eqs.
(9) and (1) turns out to be

2sin2A f^ecA

AC^ = Crf - C^(Babister) = —^—— J Q CDlChhdh (10)

It can be easily verified that Babister's formula, Eq. (1), is
obtained if we take the normal dynamic pressure simply equal
to Vip K^cos2 A, as mentioned earlier.

Now to illustrate that Eq. (9) should give a value of Cnj8
closer to the wind tunnel measurements than given by Eq. (1),
the following numerical data are taken from Schlichting and
Truckenbrodt.5 This wing nearly complies with all the
assumptions made earlier.

The spanwise variation of lift coefficient derived from
lifting surface theory is also given for the following wing in
this reference:

A = 45deg(notaper)
Aspect ratio = 5.0, wing section:NACA 0012

Fig. 1 Swept-back wing in side slipping flow.
CLa = 3.0/rad
Cn&= 0.235 C2
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Fig. 2 Variation of Cnft with a.

The results of calculations are presented in Fig. 2. In the
calculations, the local angle of attack of chordwise strip RT
which is taken in Eq. (3) as a sec A was replaced by (a secA —
a, ) where a, is the local induced angle oif attack determined
from the following relation,

(H)

where CLa0 is the two-dimensional sectional lift curve slope,
which for the NACA 0012 (C^i = 0.006) wing section equals
0.11 per degree.6 Also,

CDil = CDa (12)

From Fig. 2 we observe that the difference between the
present calculation and the experimental data5 increases with
angle of attack. A possible explanation for this deviation is as
follows. In addition to the inherent limitations of the strip
theory, the viscous effects ignored in the calculation become
predominent at high angles of attack. As the stall propagation
for a swept-back wing is from tip to root, the outboard
regions which generate significant yawing moment become
progressively ineffective as the angle of attack increases. Thus
it is obvious that the present calculations compare better with
experimental data than Babister's result, which ignores the
relative change in dynamic pressure over the wings in side slip.
For this wing (A = 45 deg), the contribution of this dynamic
pressure effect to Cn& is of the same order of magnitude as the
other term considered by Babister. Further, it is interesting to
note that even zero lift drag makes a contribution to Cnp,
indicating that some positive directional stability can be
expected from swept-back wings even under cruise condition
when lift coefficient is small but the dynamic pressure is large.
For higher sweep-back angles, this effect can be much more as
shown by Eq. (9) and quite beneficial to the pilot while flying
at high lift coefficients under cross wind conditions.

We have shown that the terms not considered by Babister
are important and their contribution to wing Cn& is quite
significant. However, the method of computing Cnp used in
the above numerical example can be considerably improved
by using more refined approaches such as the vortex lattice
method with leading edge or side force suction analogies.
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Boundary Layer Controls on the
Sidewalls of Wind Tunnels for

Two-Dimensional Tests
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Introduction

IN transonic wind tunnel tests of a two-dimensional airfoil,
the growth of the side wall boundary layer and its

interaction with the inviscid external flow distorts the
spanwise uniformity of the flow across the model and con-
sequently induces errors in the measurements. To lessen the
sidewall boundary layer effect, the common practice is to suck
off the boundary layer or reduce its thickness ahead of the
model. It is hoped that the newly developed boundary layer
would be more energetic and therefore cause less trouble in
the interaction with the inviscid flow. This method is not very
effective and will be discussed further in this Note.

A more effective way to control the growth of the boundary
layer is to apply suction at an area of the wall where the model
is mounted. The boundary layer at that area is strongly af-
fected by the large pressure gradients induced by the airfoils
and the variation of the boundary layer thickness is the
greatest. This method is employed in the NAE two-
dimensional test facility.1 In the test section of the tunnel an
area of the side walls at which the model is mounted has
surfaces made of porous material through which the bound-
ary layer is bled. Because of the large resistance of the porous
material, the suction velocity is nearly constant at the whole
suction area and is only slightly affected by the pressure
variation around the model. The amount of suction can be
adjusted until the flow over the portion of the model joining
the side wall is parallel to the side wall, and a spanwise
uniform two-dimensional condition is established. The op-
timal condition of suction is determined by observing the flow
visualization on the model surface and confirmed by a direct
calculation of the boundary layer development on the side
wall. In practice, it has been shown that in transonic testing
conditions, a nominal suction velocity vs/ue of 0.005 is
adequate for models at maximal lift coefficient. Slight
oversuction has no appreciable effects on the flow pattern or
the force and pressure measurements. Thus this value is then
used for all testing conditions. l
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