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DISCUSSION

CALCULATING DYNkMIC PRESSURE (WINDBLAST) FOR SUBSONIC VELOCITIES

Ejection seat designers who are concerned with windblast effects have
seen the following equation used for calculating dynamic pressure , q.

q l/ 2pV 2 (1)

where

P — local atmospheric density

V — velocity of the body .

This f amiliar equation is the Bernoulli equa t ion for incompressible flow.
Note tha t the implication of incompressible f low makes the equation valid for
low subsonic speeds only . For speeds gr eater than Mach No. O. * compress ibilitY
effects of air mus t be taken into account.

For Mach numbers ranging from 0.4 to 1.0 the dynam ic pressure can be cal-
cula t ed f rom the following equation , referenc es 1(a) and (b )}.

Ii —l ~r/ ( y—l) 1
— P + I~ _. M2) — 1] (2)

where

p • static pressure or local pressure at altitude

y — compressibi lity—r elated gas constan t (for air , y — 1.4)

Substituting for y, equation (2) becomes

— p [(1 + ~~~~~~~ — i] (3)

If q is calculated for Mach 1 at sea level using equation (1) , the q would

be calculated to be about 1480 lb/f t 2 . However , taking into account compres-
sibility effects and using equation (3) , q is calculated to be about 1890 lb/ft 2 ,

a percenta ge difference of 22 percent . Therefore , use of the incompressibl e
equation introduces significant err or for dynami c pressure calculatio ns for

high—subsoni c f low.

It should be noted and clarified tha t equatio n (2) is valid for the entire

subsonic range and can be used in place of equation (1) for Low subsonic flow.

ESTIMATING DYNAMIC PRESSURE (WINDB LAST) FOR SUPERSONIC VELOCITIES

The formatio n of shock waves abou t an object moving at speeds of near
Mach I. and higher complicat es the calculation of dynamic pressur e. A shock
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wave produces a change in the local properties of the air ; before—shock values
and after—shock values of uinds trea m velocity, pressure and temperature are
different. Greater changes in local, properties occur across the shock wave
as the intensity of the shock becomes greater .

There are three shock formations to consider: a) normal compression ,
b) oblique compression , c) Prandtl—Meyer expansion , Ireferences (a) and (b)~.A normal shock occurs when shock wave formation is perpend icular (or normal)
to the freestream flow. Such a condition may exist when a detached shock wave
forms in front of a blunt body moving at super sonic speed . The detached shock
can be assumed as a normal shock wave in the immediate area of the blunt body.
See figur e 1. Frees tr eam velocity acro ss a normal compression shock decreases
to a subsonic level. Along with the decrease in velocity , V , there is an
increase in static pressure, p, density , p, and static temperature , T. The
shock formation is considered to be isentropic and stagnation temperature , Tt ,
remains constant. The change of properties before the shock wave to behind
the shock wave occurs as an almost discoutinuous change in fluid properties.
Figure 2 depicts a section of a normal shock and its characteristics.

An oblique compressio n shock is similar to the no rma l shock except for
its orientation to the freestre am and its magnitude of V2. The oblique shock .
forms at an angle to the freest ream and the velocity , V2, behind the wave ,
although less than V1, may be supersonic or subsonic. The formation of oblique
compression shock waves can be caused by the presence of a wedge or cone in the
supersonic windstrea ni , as shown in figure 3.

For the Pra ndt l—Meyer expansion , the change in magnitude of properties across
the wave are opposite the changes that occur across a compression shock. The ex-
pansion occurs when the supersonic stre am flows across a convex contour , as
shown in figur e 4. The expansion cannot reinforce itsel f as a compression shock
does to form a shock wave; the expansion is fan—shaped and not a true wave . For
simplicity, it can be depicted as shown in figure 5; the variation of flow
properties is also Indicated . Like the compression shock , the Pr andtl—Meyer
expansion can be assumed to be an isentropic process .

The shap e of the object and airspeed determine the shape of the shock wave .
Detached shocks occur when the change of shape contour is too severe for the
airstream to undergo a smooth adjustment . Shock formations can also form on
an object even though the object is trave ling at a speed less than Mach 1.
Shock waves may then occur where local, velocities on surface contours increase
to speeds greater than Mach 1.

For purposes of estimat ing dynamic pressures on an ejecting crewman and
ejection system at supersonic speed , it is assumed that the shock formation is
that of a detached shock in fron t of a blunt body . The properties of the
windatream which affec t the crewmen are assumed to be equal to the after—shock
values behind a normal compression wave. Values after the shock can be found
from Normal Shock Tables which are found in most textbooks pertaining to gas
dynamics or high—speed aerodynamics. Appropriate after—shock value s determined
fro , the Normal Shock Tables can than be substituted into equation (2) to
calculate dynamic pressure behind the shock wave.
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Figu re 1 — Detached Shock Wave
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Figure 4 - Expansion Flow Ov er a Convex Surface
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DYNAMIC PRE.iSLRE CL’RVES (See Appendix A

:n appendix A , q curves are plotted with res;ect tc altitude se~a evel
to ~O , 0OO fee t)  and Mach No.  (. 2 to 2.0) . I: is assumed tha c the shock fcr—
nation is a cetached no rmal shock in front cf a blunt hod’;. Figure  A— i re ates
equivalent air speed (EAS) to Mach number , altitude , a~d true speed (i.e. corres—
pondin~ s~eed at sea level). Figure A—i can be used in conjunction with
figures A—2 throuzh A—li to find q values for a specified air speed . Figure
A— 12 is a compilation of figures A—I thru A—li which indicates dynamic pressure
intensities for Mach 0.5 to Mach 2.0 for a ran2e of al:itLdes ~~P to 60,000 cc .
When the air speed and altitude is known , then the q force can be determined
from one of the figures in appendix A. For example, assume the q value is
needed for 300 Kn EAS at 20,000 ft. altitude; from figure A—i , for 300 Kn EAS
at 20,000 ft. , the corresponding Mach number ~at 20,000 ft.) is approximately
0.65. The corresponding a, value can be determined from figure A—2 (subsonic
a, curves) or figure A— 7 (a, curve at 20,000 ft.); in this example , the q value
is estimated to be approximately 350 lb/sq . ft.

Consider another example using supersonic airspeed. Assume the equivalent
airspeed is 600 ~Zn EAS at 20,000 ft. From figure A—i , the Mach n~~ber is deter-
mined to be about l.3-~. Now the a, value must be determined from f igu re  A—7
(a, at 20,000 ft.). Since the Mach number is greater than 1.0, it is the q
value a f t e r  the shock which a f fec ts  the ej ected crewman and eject ion sys t em .
in this example , the value fo r q a f t e r  the shock is approximately 900 lb/ sq .  f t .

It is interesting to note tha t the q curves are essentially f la t  from Mach
1.0 to Mach 1.20; actually,  there is a very slight decrease in the value of q be-
tween Mach 1.0 and Mach 1.1.8 and then q increases slowly as Mach No. increases
to Mach 2.~ . Again, it must be remembered that a detached normal shock in front
of a blunt body is a shock formation (the crewman is being assumed).

The resulting pressure changes across the normal compression shock not
only cause a decrease in dynamic pressure , but also a decrease in total
(stagnation) pressure and an increase in static pressure . For relatively
intense shock waves (e.g. Mach 2) ,  the static pressure behind the shock wave
may be about four times greater than the atmospheric pressure. This increase
should be no problem to the ejecting crewman; the greater concern is still the
dynamic pressure.

WIND DRAG DECELERATION M~D WINDBLAST DURATION

The exposure time to windblast decays rapidly during the first several
seconds of ejection. Within approximately 3 seconds after ejection at sonic
speed, the crewman experiences a windblast pressure of approximately 50 percent
of the initial windblast pressure. The deterioration of windblast pressure due
to wind—drag deceleration depends on frontal drag areas, drag coefficients,
weight, deployment of the ejection recovery system, and altitude.
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APPENDIX A

DYNANIC PRESSURE CURVES
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