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ROYAL ATRCRAFT ESTABLISHMENT, FARNBOROUGH

Effect of a Cylindrical Store on Parachute
Drag and Opening

by

J. Picken, B.Sc.

R.A.BE. Ref:- ME/C2/18017/JP

SLHARY

This note describes an exploratory wind tunnel investigation into the
effect of a bluff noged cylindrical store on the critical speeds and drag
of a parachute for parachute dismeter/store diameter ratios of the order
of unity. It shows that these characteristics can be greatly modified by
the weke of a2 cylinder and suggests that these modifications arise
largely out of a reduction in axial velocity and the flow being directed
towards the cylindrical axig in the wake. It is recommended that until
more data is obtained the distance at which a parachute should be flown

from its store should be preferably at least four store diameters.
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1 Introduction

Most available data on parachute characteristics have been lergely
obtained under approximately free stream conditions by wind tunnel
experiments or by dropping parachutes with loads whose dimensions are
relatively small. In certain applications, however, such ag where the
parachute is used primarily as a stsbilising agent, the store dimensions
may be comparsble to those of the parachute and consequently may be
expected to modify the airflow in the region of the parachute canopy. In
order to investigate the extent of this effect on parachite characterig-
tics some exploratory experiments were made in the 24 £%. wind tunnel at
R.A.E,

This note describes and presents the results of these erperiments
which were made some time ago, 194.6-1947.

2 Range of Investigation

The investigation was confined to two bluff nosed cylindricel stores
and parachute diameter/store diameter ratios of the order of unity.
Drags and critical speeds of porous Exeter Type 12 parachutes were
measured at various distances behind the cylinders. The wake of one of
the cylinders was traversed by a pitot-static comb. A mechanism to
account for changes in parachute characteristics in terms of distortion
of the airflow by the store is suggested.

3 Method
3.1 Stores

The gtores selected for the erperiments were bluff nosed cylinders
made from 20 gauge mild steel plate. They were flown with their axis
along the direction of the alrstream, Their length was 5 £+, and the
two diemeters selected were 30 inches and 50 inches respectively. Thus
the length/diemeter ratios were 2 and 1.2, A plate was inset in the aft
end of each cylinder leaving an exposcd rim to which the test parachutes
could be attached by means of toggles to rectangular holes spaced evenly
round the rim. A rod was passed aleng the cylindrical axis and secured to
the two end-plates, Fittings at each end of the rod provided at one end
an alternative parschute attachment and, at the other, a means of attech-
ment to the wind tuniel balance xig used in Johms' and Auterson's
experiments’'. Suspension on the axig of the tunnel was effected by means
of wire bracings attached to sets of three double angle plates, located
near the peripheries of the cylinders, and arranged such that the planes
of the bracing were normal to the airstream (Fig.1).

3.2 Drag Measurements

To measure drag a turnbuckle was located in the cable between the
balance and the forward end of the cylinder. When drag was applied this
wag adjusted until the cylinder was returned to a zero position defined
by the sighting axis of s fixed telescope. It was assumed that the drag
measured in this position was that of the cylinder and parachmte and that
the contribution to drag ol the normal bracing wires could be neglected.

3.5 Test Parachutes and hethods of Attachment

The Exeter Type 12 parachutes used had nominal flying dismeters of
5 £%. and 4 ft, The canopies and veit patches were in cotton fabric to
Specification D.T.D.M‘S(bg or D,T.D. 583, Each parachute wag rigged with
eight braided flsx linc: 20 £t. long and of 150 Ib nominal strength.

-3 -
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These lines could be attached to the peripheral rims of the cylinders or
directly to the axial rod fitting at various rigging line lengths (Fig.2)
which methods of attachment are referred to respectively as peripheral
and single point attachments. When the single point attachment was used
the rigging lines were usually whipped together at some point between
the end of the rod and the canopy to form a strop, the effective rigging
line length being so selected as to allow the critical speeds to lie
within the available range of tunnel speeds.

3.4 Meagsurement of Critical Speeds

Critical opening speeds were measured by introducing the parachute
in the closed state by hand at a tumel speed at least 10 £/s above the
estimated opening speed. The tunnel specd was then gradually reduced
its value being followed by 2 Chatieck manometer until the canopy opened.
The critical closing speed wis cbtained by slowly increasing the tunncl
speed with the parachwte open until the parachute collapsed, the critical
value again being measured by the Chattock menometer. Two or three
determinations were usually made for each set of conditions.

3.5 Airflow Behind Cylinder

Pige1 and 2 illustrate the method used to assess the nature of the
airflow behind the cylinder, A pitot-static comb was connected to a
heavily damped multitube moncmeter and was such that the axis of the
pitot tubes lay along the axial direction of the tumnel. It was assumed
that the velccities represented by the differcnce between the pitot and
static pressure readings were npproximately the axial components of the
mean velocities at the appropriate points.

L Conditions of Test, Results and Discussicn

L4e1 Airflow Behind Cylinder

A pitot-static traverse of the wake of the 50 in. diameter cylinder
without a parachute was made at tunnel velocities up tc 120 £/s covering
the region from the cylinder axis tc one cylinder diameter from it and
2 £t. to 16 £+, from its aft end. Approximate curves through points of
equal axial velocity are given in Fig.4 for a tunnel speed of 120 f/s.
The pattern did not appear to be affected apprecizbly by speed over the
available tunnel range. The curves show that in the region up to five
cylinder diameters from the aft end of the cylinder and within a radius
of about 0.6 cylinder diemeters from the cylinder axis the axial velocity
component is less than a fraction 0.9 of the free gstream velocity. The
curves also show that in this region the mean direction of the airflow
is towards the axis of the cylinder, the incidence decreasing with
increasing distance from the cylinder. v

4.2 Drag of Cylinders

Drag coefficients of the cylinders without parachutes were measured
over the tunnel speed range and the results plotted in Fig.5. They
confirm that there is no significant velocity effect over this range.
Mean values independent of speed were assumed when examining the combined
drag of cylinder and parachute. The similarity in drag coefficients for
the two cylinders suggests that the airflow patterns round them are also
similar, the slightly higher value for the 30 in. diameter cylinder being
accounted for by the relatively greater skin friction arising from the
larger length diameter ratio.

4.3 Effect of Distance Between Canopy and Cylinder on Critical Speeds.
In assessing the wake effect on critical speeds the single point
method was used to attach the paractute to the store (Fig.2) and the
-l -
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critical speeds were determined for various strop lengths and a range of
effective rigging line lengths. The results are given in graphical form
in Pig,6-10. The criticel speeds quoted refer to the general airstream
velocity and not the ambient velocity in the region of the canopy.

The results show that both critical speeds decrease as the distance
between the parachute canopy and the cylinder is decreagsed, The critical
closing speed at first falls more rapidly than the critical opening speed
which is 1little affected and consequently they approach each other until
at some critical distance the two values become almost coincident. For
distances less than this the critical opening speed follows the critical
closing speed curve. These trends are swmarised graphically in Fig.11.

Duncan? has shown that the direction of the airflow at the periphery
of a parachute generally varies with velocity the incidence generally
decreasing with increasing speed because the relative porvsity of most
parachute fabrics increages with speed. Critical opening and closing
speeds were considered appropriate to critical values of the angle of
incidence. Thus in the case of the closing speed if B is the critical
value for the angle of incidence at the canopy periphery and @ is the
actual angle then an open parachute will remain open as long as
¢ - B> 0. Because of the specd effect on porosity the relative value
of the axial component of the flow velocity increases with speed and a
decreases until it becomes equal tc B8 when the parachute collapses into
the squid state. This mechanism is probably similar to that which
obtains in the wake of a cylinder.

It appears from 4.1 that the relative cutward radial component in
the wake behind the cylinder will decrease as the distance of the
parachute canopy behind the cylinder is decreased thus reducing a and
producing the same result as the porosity speed effect.

The effect on the cpening spced is prcbably siailar except that the
angle of incidence should be regarded as increasing to a critical value.
For distences less than the critical distance at which the critical
opening and closing speeds tend to beccme coincident the opening speed
must be defined by the closing speed. Above this value the variation
in opening speed was probsbly less marked in the ind tunnel experiments
because in the closed state the : :riphery of the canopy was relatively
nearer the cylinder axis wherc an account of the symmetry the flow will
be axial. Also because the velccity reduction is greatest in the axial
region the porosity speed effect on the axial component of flow through
the canopy will be greater. Thus it appears that over the range of the
wind tunnel experiments the two effects on critical opening speed
probebly neutralised each other. It is noteworthy, however, from
Pig.6=10 that the reduction in opening speed with decreasing distance
between the canopy and cylinder for distances greater than the critical
value appears to be greater for the larger parachute dismeter// store
dismeter ratios. It is pogsible that if this ratio is increased
sufficiently to allow the canopy periphery in the squid state to lie
about 0.5 of a cylinder diameter from the cylinder axis, a more pronocunced
effect on critical opening speed would result.

4.4 Effect of Distance Between Canopy and Cylinder on Drag

In asseasing the effect of the cylinder wake on parachute drag 3 ft.
and 4 f£t. diameter parachutes were flown behind with the 30 in. and 50 in.
diameter cylinders using the single point and peripheral methods of
attachment, With the latter method some difficulty was experienced by
a small amplitude high frequency motion of the parachute producing
relative movement and wearing of the rigging lines across the apex of

- 5w
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the canopy which at the higher tunnel speeds rapidly resulted in their
failure., The effect also seemed to be greater for the smaller distances
between canopy and cylinder.

The combined drag of the parachute and cylinder was measured as
described in section 3.2. The contribution to the drag made by the
parachute was assuwned to be the difference between this and that
produced by the cylinder vithout a perachute at the same tunncl speed.
(FPig.13 shows that this assumption is not valid when the parachute is
flown at a small distance behind the cylinder). Parachutc drag
coefficients based on this assumption andé on the tunnel velocity arc
plotted for various conditions against distarce of the parachute from the
af't end of the cylinder in Fig.12-14. A rough comparison of the effcect
on drag of the parachute diameter to cylinder diameter ratio and of the
method of attachment is given in Téble I.

Limit curves for the parachute drag coefficient derived from Fig.k
and the estimated free stream parachute drag coefficient are also shown
in Fig.12 and 13. They are beased respectively on *he axial velocities
in the plane of the canopy periphery on the cylinder axis and at the
canopy periphery. They suggest that n fair assessment of parachute drag
can probably be obtained by using the root mean square axial velocity,
as agsessed without the parachute, over the area corresponding to the
plane of the canopy mouth bounded by its periphery together with the free
stream parachute drag coefficient. The two measurements made at 16 f£t.
in Fig.12, however, do u.t appear %o conform to this.

A speed effect on drag coefficient is also discernsble which becomes
more pronounced as the distance between parachute and cylinder is reduced.

This may possibly arise through a medification of shape as the
closing speed is spproached.,

The reduction in the drag of the cylinder by the addition of a
parachute close to it (Fig.13) may be analogous to the effect of a
fairing.

5 Conclugions

(1) The wake of a bluff nosed cylindrical store modifies the
critical speeds of a parachute. The effect probably arises largely
through a change of incidence of the airflow in the peripheral region
of the canopy from that which obtains under free gtream conditions.

In the experiments made the critical closing speed was morc sensitive
to the wake effect than the critical opening speed except when the
parachute was flown at less than a certain critical distance behind the
cylinder in which region thc former defined the value of the latter.
In the range of the experiments this critical distance did not exceed
about two cylinder diameters.

(2) The drags of the parachute when flown behind the cylinders
were less than the free air values and were approximately consistent
with the root-mean~square axial velocity in the region of the canopy
mouth as determined from the wake pattern of the cylinder when flown
without a parachute.

(3) -Rapid failure of the rigging lines at the apex occurred when
they were attached directly to the periphery ol the cylinder.

(4) 1In general the greater the distance of the parachute from the
cylinder the less the parachute performance is modified by the cylinder
wake.

- b~
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6 Recommendations

(1) Until more quantitative data is availeble it is recommended
that with a parachuted store where the parachute diameter is compareble
with that of the store the parachute canopy should be flown preferably
at a dlstance of at leagt four store diameters. In certain cases it is
posaible to reduce the distance between the canopy and the store to three
or two diemeters but no less. More representative confirmation may be
obtained during particular {light trials of parachutes applied to stores.

(2) Measurements o the critical angle of incidence of flow at the
peripheral hem of a parachute for closing should be made at various
distances aft of a cylinder to determine whether it is in practice
independent of the wake.
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