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SUMMARY

Measurements of the vortex movements with time about an airfoil
undergoing a blast of sufficient strength to exceed momentarily the stall
angle by .alsrge smount have been made. For simulated subsonic flAght

b’ “it was found that the leading-edge vortex chordwise movement was closely
similar to the chordtise load peek movement of a free-fldght model twenty
times as lsrge previously reported at similar flight and blast conditions.

ti No effect of leading- or trailing-edge radius on the vortex movem~ts was
noted for these conditions, and this result also suggests-little or no
effect of scale. In addition to the measurements for the flight-simulated
case, measurements were obtained without flight simulatiaa but with blast
orientation and strength such as to produce the same maximum resultant
eagle of attack and velocity.

For both cases investigated, the vortex movements in general.appear
to be dependent on the fluid movement about the vortex, with little or
no direct effect of blast-wave orientation noted. The leading-edge vortex
was found to move at one-third to one-half of the free-stream fluid veloc-
ity, and the trailing-edge vortex to move at about the free-stream veloc-
ity. It is shown that cases which exhibit a different timewise depend-
ency of the fluid movement with respect to a bdy likewise exhibit a
Ufferent timewise dependency of the vortex mcwement or loading with
respect to the body.

Comparison of pertinent results with a theoryby Rott, applicable
to shock-tube flow, yielded goal agreement when an alteration to the
theory was made to apply to the quasi-steady conditions.
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The importance of -understandingthe flow about an airfoil undergoing
a sudden change in angle of attack is seen from the large changes in
loading of’sm aircraft-wing that can occur in flight involving a blast=
induced gust. In reference 1, the actual loading as a function of time
over the ting of m aircraft model in flight involving blast-induced gust
was measured for the case of the blast-normal to the airfoil and arriting
from the under side. It was found fra the chordwise loading change with
time that a lsrge load peak (that is, Mfting pressure) was formed at-the
leading edge of the wing at the time of encounter and that this peak
swept downstream over the upper surface of the wing at about one-third
the forward velocity of the model. The ma~tude of the blast-induced
gustfin this case was such that the initial angle-of-attack change was
an increase to well above the steady-flow stall angle. !J%emagnitude
of the load peak was greater than could be accounted for even by poten-
tial flow calculations for the chordwise location of the load peak and
wing attack sngle. Although this load peak was not actually observed to
be a vortex, the premise was advanced that such a vortex probably was
formed and accounted for the observed load variations. In connection
with this ssme type of problem, the loading on a double-wedge airfoil
mounted in a shock tube at an angle of attack to the shock-tube flow was
studied interferometrically as a function of time (ref. 2). These tests
were conducted at angles up to the stesdy-flow stalJ angle of the air-
foil but not greatly exceeding this angle. No moving load peak was
evident from the computed surface pressure distributions nor was a moving
vortex evident-from the interferogrems. Changes in the loading with time
that were quite ti”fferentin character frau -thefree-flight results of
reference 1 were observed, but in this case also the lift in the earllier
stages of encount& was higher than could be accounted $’oron the basis
of steady-flow tunnel data. In reference 3 interferograms are presented
for a rounded-nose airfoil in a shock ttie at an angleof attack welJ
below the stall angle. Loads were not computed nor were vortices formed
at the leading edge of the airfoil.

Previous shock-tube investigations of the diffraction of shock waves
about objects of various shapes have shown that large, well-defined vor-
tices may be formed under msmy conditions (refs. 3, 4, 5, and 6). These
conditions involve the sudden turning or acceleration of fluid abouti
corners and bends as a result of the shock diffraction about these turns.
Prior to the shock-wave movement over these objects in +he shock tube,
there is, of course, no air flow, air-flow direction, or pressure field
about the objects to endble the oncoming shock and shock-induced flow to
be influenced by the shape of the object until it is actually encountered.
At the time of shock arrival the flow field must be rather abruptly
established by means of wave movements (that is, diffraction oflboth
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shock sad expansion waves set up by the object). Since wave movements
in such a diffraction situation are generaldy faster than the fluid
movements, an additional time after this wave diffraction time is then
required for the fluid movements to engulf the objects smd finally
establish steady fluw in the case of shock-tube investigations (refs. 2,
7, ud8). The final steady pattern usually shows regions of separation
starting from the points at which the vortices originated. The vortices
have, of course, moved downstream out of the flow field.

The speed of movement of such a vortex is described in a theory by
Rott (found in ref. 6) for the case of a wedge in a shock tube. This
theory indicates that the velocity of the center of the vortex is a
function of the shock strength, the wedge angle, the angle of attack of
the wedge, and the angle between the vortex path and the wedge surface.
An isentroptc theory developed by Howard (ref. 6) describes the varia-
tion, from the center of the vortex, of densi@j tangential velocity,
and radial veloci~. Huwsrd’s theory gives good ~eement with his
interferometric measurements, and his rate of growth of the vortex agrees
witi Rott’s vortex velocity. Both theories require the insertion of an
experimentally determined boundary contition.

As yet, however, the actual mechanismby which the vortex is formed
is not clearly understood. It cannot be add from shock-tube studies
whether the vortex is the result of shock-wave diffraction in itself, or
more logically whether the vortex formation results from inability of the
induced flow to complete the turn, with shock diffraction being merely a
means for turning the flow in these cases. The inability to resolve the
causes in shock-tube studies arises simply from the fact that the local
induced flow directicrnis the same as the local direction of wave
movement.

In the case of an aircraft in fllght encountering a blast-induced
gust, the resultant quasi-steady air flow over the aircraft does not
necessarily have the same direction as the blast-wave movement but rather
depends upon the forward velocity of the aircraft and the %last-wave
strength as well as the blast-wave direction of movement. It is then
possible in flight to encounter a.blast such that the resultant flow
direction is quite different from the direction of blast-wave movement.
Also, in the case of aircraft there is an initial flow field about the
body which consists of the VISCOUS hyers (boundary l~er andwslce) super-
inrposedon the potential field, both of which might have some degree of
influence upon the develowent of the transient flow pattern. A third
difference between the conditions existing in f~ght through a blaat and
in shock-tube studies is seen in the expansion-wave part of the blast -
that is, the part following the front (shockwave) of the blast. In this
part of the blast a difference in character of the timewise variation of
resultant velocity and angle of attack is found.
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In order to provide a better understanding of the vortex movements

about sn airfoil under fldght conditions such as were encountered in
reference 1} an optical-investigation was conducted on the blat-wave
table of the Langley gas dynamics laboratory using a l/20-scale section
of the model wing used in reference 1. In this investigation the
vortex movements with time under simulated free-flight conditions were
clearly observable from timed schlieren photographs.
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SYMBOLS

velocity of sound

exponent in equation (Al-)

airfoil chord
—

distance parameter in blast-wave flow (see appendix A)

()
flow Mach number ~

wedge-sngle function
(X%)

.

-.

&

pressure, lb/sq in. abs ?

distance from vortex to petit of origin

time from shock encounter with a specified point, t=oat

1 = O or at r = 0, microseconds —

time during which there has been shock-induced flow at any
fixed point

time duration at a fixed point
blast

fluid-flow velocity, ft/sec

-, ...— --

of positive overpressure in

equivalent-flow velocity (see eq. 3)

shock-wave velocity (blast front)

free-stream flow displacement in a chordwise direction

free-stresm fluw displacement in Urection normal to chord .-

–--.=?---:- :
.

u



NACA RM L57K04

*
a angle of attack of

P angle between line
airfoil mean line

e wedge @e

Y ratio of specific heats

airfoil, deg

connecting vortex and its origin with

Subscripts:

o Initial flow (t<o)

2 blast flow Inmedlatel.y

B blast flow

R resultant of blast and

x in a chordwise

Y in a direction

behind shockwave

initial components

direction

normal to the chord

5

APPARATUS

The apparatus used for these experiments was the blast-wave table
of the Langley gas dynamics laboratory described in reference 9, modified
by extending the surface and installing a 3- by 4-inch air jet which
exhausted into the sir above the table. A schematic diagram of the wave
table is shown in figure 1. Ablast wave was created by a 13.5-gram,
spherical-cast,bare, x/Z pentolite charge detonated by an instantaneous
electric blasting cap supported as shown in reference 9. The height of
burst used was 3 inches so as to take advantage of the charge-dotiling
effect of the reflected wave from the table and to ensure that the triple
point was well above the field of flow used. The instruments used to
determine the overpressure and time duration over the extended area of
the table were the pressure pickups and chronographs described in refer-
ence 9.

The two-dimensionalting model was a g-percent-thick symmetrical
airfoil of shape roughly similsr to the I?ACA0009-64 airfoil. The chord
was 0.353 inch and the span was 3 inches. It was supported at the
midchord at two spsmise locations (1/4 and 3/4) by two l/16-inch-dismeter
drill.rods connected to a support system, as
model leading edge was placed 8 inches above

*

shuwn in figure 2(a). The
the table, centered spauwise
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over the jet, and located
the blast along the blast
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1/4 inch from the center of the jet leeward of
line; it was then a horizontal distance of

IL85 feet fr~ the center of blast.

The air jet was remotely controllable and waa set to run contin-
uously during a test at a constant Mach nunber of 0.1 wt the airfoil
position above the table. The velocity profile of the air stream at
this position above the table was found to be approximately flat in both
the spanwise and normal directions with more than 85 percent of the model
spsm within 4 percent of the design velocity (M = 0.1) of the jet at
8 inches above the table, and the ends of the model span in flow of not
less than 80 percent of design velocity. These numbers--applyto the
blast-displaced jet as well as to the initial jet position. It is
believed that the model support rods in front of the model had a negli-
gible interferencewith the blast wave.

The axis of the two-mirror, parabolic, 6-inch-diameter optical sys-
tem (adjusted for schlieren) (see fig. 2(b)) was para~el to the model
spem with the light source and knife edge adjusted for on-axis operation. ““
The system was supported from the leeward side smd was In no way attached
to the table. Light shields were placed around the light path between
each mirror and its opticsl ccmponent (that is, knife edge or IQ@
source). However, the shields were terminated far enough from the model
to ensure against the entrance of wave reflections from the shields into
the model flow field during the test time.

The model support system, as shown in figure 2(b), was attached to
the model on the blast side so as to allow for unobstructed viewing of
the leeward flow field by the optical system. The support arms were
airfoil shaped with sharp edges and were dined with the blast flow so
as to produce a minimum reflection of the blast wave. The model support
system was attached to the schlieren supporting system and did not cross
the air jet stream. Most of the data were taken before any visible reflec-
tions from this support system entered the field of view, and data sub-
sequent to this time will be so designated. No other reflection could
enter the model flow field during the time of these tests, including
reflections from the jet exit opening in the table as well as reflections
from the schlieren-supportbesm. Reflections of the blast wave from the
tiee-air jet boundary were considered negligible, inasmuch as the ratio
of density of room air to jet air was 0.995.

SCOPE OF TESTS

The free-flight and blast conditions of
by placing the mcdel in the steady-flow free

“w

v

reference .1were sim@ated_
air stream and detonating

●
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d

the high explosive charge at
model chord. The air-stream

a scaled distance from,
velocity and blast-wave

and normal to, the
peak overpressure

L were identical to that of refer~ce 1, and the time duration of positive
overpressure was 1/20 that of reference 1, so that the model chords of
forward flow during the positive duration were also identical. In fact,
the Reynolds ntier of the test was the only aerodynamic parameter not
nesrl.yidentical to the case simulated, and it is believed that this
similarity parameter is probably not significant in the present study.
(See ref. 10.)

A set of sckdieren photographs was obtained over a range of time
delays for the configurations listed in table I and shown in figure 3.
The time delays were arranged to include early photographs showing the
shock (blast-wave front) scmewhere near the model, as well as to include
photographs for subsequent times up to the times at which interference
waves from the equipment would show in the photographs. The largest
amount of data, however, was obtained with configuration 1 (fig. 3(a)),
since this mcdel represented simulation of conditions of refer~ce 1 and
could be used for Comparisons
of reference 1 are also shown

It shouldbe pointed out
-u” the airfoil exactly normal to

as originally intendd. This

of results. The pertinent test conditions
in table I for ready comparison.

that the blast-wave flow does not strike
the chord in ccmfigurations 1, 2, and 3,
difference is due to the fact that the

model is 8 inches above the surface and the blast wave is hemispherical
* in shape and would therefore be exactly normal only if the model were at

the table surface. For these configurations, the blast-wave fluw was
found from photographs taken at t sO to strike the model at approxi-
mately 86° to the chord, rather thsm 90°. This fact was overlooked during
the test programing and the model was set with respect to the table
surface. For configurations 4 and 5, the model support system was rotated
and the model likewise set with respect to the table surface. In addition,
for configuration 5, the charge was moved to a point 7.6 feet frcm the
model. These slight variations from the proposed test conditions sre not
believed to be significant in comparisons of the pertinent results with
those of reference 1 nor in the comparisons of the results of configura-
tion lwith configuration 5.

RESUI!I!SAND DISCUSSION

Schlieren Photographs

Schlieren photographs of the series obtained for configuration 1 sre
shown in figure 4. Schlieren photographs of configurations
are shown in figures 5(a), (b), (c), sad (d), respectively.

2, 3, 4, end 5
llmm these
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photographs a well-defined vortex is shown to
leading edge and trailing edge of the airfoil
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m
be formed at both the
at about the time of shock

diffraction about these points, and the vortices move downstream with
time in essentially the direction of the resultant fluid flow. It is

.

also seen, for the cases where the resultamt-flow angle of attack is not
near 90°1 that the leading-edge vortex moves at a speed considerably less
than the trailing-edge vortex. After the leading-edge ~ortex in coflig-
uration 1 (fig. 4) has proceeded to a point alout X p~.cent of the chor.d~
the vortex has become less well-defined and its center is difficult to

—

identify accurately. From this observation, the plots of the movement
of the vortex for configuration 1 with any time-dependent parsmeter will
obviously become less accurate as time increases. Inasmuch as each
photograph represents a different test, some random scatter of data
likely results from lack of exact control of all.test conditions. For “-

—

configurations 3, 4, and 5 (fig. ~), the vortex is noted to be somewhat-
more well-defined than for configuration 1. Reflections from the support
bar are seen to enter the flow field after about 530 microseconds for
configurations 1, 2, and 3. Since this bar is farther away in configura~

—

tions .4and 5, no reflections are seen for these cases. —
.

Presentatia of Results
‘&

The results obtained from measurements of the vortex position in
the photographs are given in figures 6 to 9. Figure 6(a) shows the ratio

—

of-the vortex chordwise displacement to the free-stream fluid chordwise w

displacement as a function of the free-stream chordtise .@lsplacementfor
the leading-edge vortex. Figure 6(b) shows the results for the normal
component in the same manner.as used for the chordwise component. lllg-
ures 7(a) and 7(b), respectively, show the chordwise and normal components
of the trailing-edge vortex results. Figures 8(a), 8(b), 9(a), ~ 9(b)~
however, show the actual vortex position with respect to the airfoil as
a function of time for the chordwise and normal components of the leading-
and trailing-edge vortices, respectiwly. In--figures6 to 9 the horizontal
bars on a few typical points show the range of uncertainty of locating
the center of the vortex for cotii~ation 1.– For the other configura-
tions the range of uncertainty is much less thsm this. The flags indicate
data after wave reflections have entered the flow f’ield~.

It appears to be both logical and convenient to present the fluid
flow and vortex movements about the airfoil in terms of only two compo-
nents, namely, the component in a chordwise direction and the component
normal to the chord. Presentation.in this form is conv~lent in the
cases of a simulated forward movement with the blast strfking from a
direction normal to the chord, because the chordwise component of the
free streu is that due to flight only, and the changes in free-stream
flow due to the blast are seen o- in the normal component. Each of

.. -.,L--
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these components of the vortex movements is plotted in terms of the cor-
responding free-stream flow component in figures 6 emd 7. In other words,
the vortex is seen to move in a certain meaner with regard to the free-
stream fluid movement. Use of this concept essentially eliminates the
direct consideration of the time-dependent psmmeters of sngle of attack
and resultant velocity, and in fact, of time itself. Since the measured
psrameter is the vortex position (not vortex velocity) the plots are made
by using the chordwise and normal components of this parameter in terms
of the corresponding component of the free-stream fluid position. Posi-
tion is then defined as the displacement during time t of the vortex
or free-stream fluid, with t = O being the time at which the vortex
was generated.

The displacement of the free-stream fluid during a given time must
first be computed. In the case of the component due only to flight, this
displacement is obtained simply as a constant velocity times a time. For
the free-streem fluid movement due to the blast, however, a special com-
putation is required because of the time-dependent nature of the fluw
induced by a spherfcalJy diverging wave system. Ws computation involves
integration of m analytical approximation for the the dependency of flow
velocity in the blast and is given in appendix A.

The free-stream fluid displacements in a chcmdwise end normal direc-
tion, respectively, are then found for all the configurations from the
following equations:

x~=l.lo cosu.ot+zcos~ (1)

yR=~sinuOt+Zsln~

The value of Z = f(t) is found in figure 10 as
and the other parameters me found in table I.

Mscussion of Results

(2)

computed in appendix A,

The first obvious comparison to be made is that of the leading-edge
vortex chordwise displacement of configuration 1 with the load-peak
displacement of reference 1. It is seen in figures 6(a) and 8(a) that
the movement of the vortex is close3y similsr to the load peak travel of
reference 1, but that the load peak is consistently slightly forward of
the vortex center even when alJowance is @e for scatter of the data.
There is no apparent explanation of t@is result in terms of model dis-

similarity, since the sharp-leading-edge data of configuration 2 show
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no significant &Lfference from the rounded-leading-edgedata.
n

This
latter result also suggests that there would be small or no effect of
scale, as was previously suggested. No theoretical treatment of the
vortex problem which exists for this condition is known, but it ~ be

d.

that the difference between load-peak and vortex location is actualJy
plausible. In any case, it appears that the problem might be clarified
somewhat if the actual pressure distribution along the upper and lower
surfaces were obtained in flight or tunnel tests.

——

ltQgure6(a) clearly shows that the leading-edge-vortex chordwise
displacement for all the configurations shown is approximately a constsat
value of one-third of the free-stream fluid chordwise displacement. That
is, this vortex chordtise movement is at a veloci~ of one-third the free-
stretunvelocity. (It should be noted that plots such as figures 6 and 7
are indicative of changes of relative velocity which occur but do not
indicate velocity magnitude other than for the special case of vortex and
free-stream fluid velocity constant in time.) Again, no known theoretical
treatment is available for such a vortex problem from which a number such
as one-third may be derived. Intuitively, however, the velocity should.
be expected to be of the order of one-half of the free+tream velocity,
since the vortex is exposed to the stream on the one side and to a sepa.
rated region on the other. In figure 7(a) the chordwise displacement of
the trailing-edge vortex appears to be more nearly that of the free-stream w
fluid for the configurations shown, although it appears to start out mcme
slowly and then to accelerate in the chordwise direction. Also, for con-
figurations 1 and 2, the vortex starts out more slowly than for configura- b
tions 4 smd 5 in a chordwi.sedirection, and this result is probab3y due
to the existence of awel.l-developedwake for the case~ of initial steady-
flow field about the airfoil. The fact that it stsrts slowly in config-
urations 4 and 5 is possibly due to some velocity defect in the field

—

close behind the airfoileven this early in the flow development time.
In either case, the vortex is not initially exposed to the full free-
stream component of the flow.

—
—

With regard to the normal components of the vortex and streem move-
ments it is seen in figure 6(b) that for ald_the configurations the
leading-edge vortex displacement is in the range of one-fourth to me-half
that of the free stresm. In this case, as in the case of the chordwise
component, the leading-edge vortex is not fully exposed to the free-stresm
normal-flow component, since it is on the sheltered side of the airfoil
with regard to the blast-wave flow. For ex~le, the data of configura-
tions 1 and 2 show a relative slowing up of the vortex, ~d the vortex _.
is moving along the upper surface of the airfoil and is more shielded
from the free-stream normal-flow component. For configuratim 3, the
vortex is located much farther above the upper surface and is not,moving
chordwl.seand probably for,this reason of greater exposure shows greater
relative displacement. For configuration 5, the vortex is less shielded

—
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from the blast component than for configuration
flow is actualJy induced from the 31° direction

1,
by

I-1

simply because the
the blast wave,

whereas, for configurations 1 and 3, this component is separately induced
from the 86° directim.

In the case of the normal component of the trailing-edge vortex, fig-
ure 7(b) shows that the displacements for virtualJy all configurations
start out between 0.8 and 1.0 of the free-stresm fluid. It appesrs that
in the case of configuration 3 the vortex is slowing somewhat in the
normal direction and this result may be due to the fact that the vortex
is not exposed fully to the free-strewn fluid component, since for this
case the vortex is not swept resrward away from the airfoil to such an
exposed degree.

An interesting point to note from the data shown in figure 6(a) is
the lack of my influence due to blast-wave angle of attack on the chord-
wise component of the vortex relative movement. This result implies (as
one might expect) that the formation of the vortex is dependent on the
resultant fluid flow and not on the manner in which this flow is prcduced.

Exsmlnation of the results plotted as shown in figures 8 and 9 brings
out more clesrly the dependency of the vortex movement on that of the

J surrounding fluid. The data for configurations 1 and 2 exhibit a dif-
ferent timewise dependency than that of configurations 4 and 5 when the
chordwise components (figs. 8(a) and 9(a)) are considered. The timewise

d dependency of the free-stream resultant flow (similar to the chordwise
component) is shown in figure lJ for configurations 1 (or 2) and 5 (or 4).
A distinct difference is found in the character of the timewise dependency
of the flow. On the other hind, the normal components (figs. 8(b) and 9(b))
show close si.milsriw, since the timewise dependency of this component of
the free-stream flow is also quite similar. These timewise differences
wi~ be reflected in the loadings, inasmuch as the loading changes on the
airfoil have been shown to be associated with the vortex chordwise move-
ments in reference 1. These timewise loading differences would aho be
found between results from flight snd shock-tube studies, since a similar
(as between configurations 1 and 5) comparison of the timewise fluw
chsracter (see fig. 11) would also apply.

It is interesting to compsre the vortex movements of configurations 3,
4, and 5with that predictedby Rott (found inref. 6) for the vortex
produced in a shock tube at the leading edge of a wedge. Rott’s theory
is interpreted in terms of the fYee-stream fluid flow and airfoil shape
in such manner that, by the use of an equivalent free-streem velocity,
along with an equivaletitwedge angle, the timewise variation of the free-
stresm flow and nose roundness is essentially eliminated. The results
of such a comparison are shown in figure I-2. The equivalent velocity
was determined ae
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.

Ue(t) = : ‘- (3)
.

where Z is found in figure 10, and the equivalent wedge angles used
were 30° and 14° for the leading and trailing edges of the airfoil,
respectively. For convenience, Rott’s equation is reproduced as follows:

r—=
a2t

[ r1

(~sinnfi sinnucosn ~-~ 2-n
2

2X
(4)

Although the application of Rott’s theory to this flow may be thought of
as rather crude, it is seen that the vortex movement is described quite
closely for configurations 4 ad 5, wfth not so good agreement for con-
figuration 3. As a further comparison, the initial blast-wave flow
velocity U2 was used in place of an equivalent velocity ~ and it is

seen that the agreement is
be a further indication of
of the surrounding fluid.

in all cases podrer. This result appears to
the dependency of the vortex movement on that

CONCLUDING REMARKS

Measurements have been made of the
both the leading-edge and trailing-edge
in simulated subsonic flight undergoing
to exceed momentarily the stall angle.

vortex movements with
vortices formed about
a blast of sufficient—

w

b

time of —
en airfoil
strength

These measurements, along with those obtained for-the case of no-
flight simulation but b~st o; such strength and orlentatiun to produce
the same maximum resultant sm.gleof attack and velocity result in the
following conclusions:

1. The chordwise movement of the leading-edge vortex is closely
similar to the chordwise load-peak movement of a free-flight model twenty
times as large under similar conditions. It may be that the load peak
is slightly forward of the vortex center.

2. No detectable differences in the vortex movements were noted when
the airfoil was reversed so as to provide a sharp leading edge and a
rounded trailing edge. This result also suggests that-there is little
or no effect of scale for these conditions.
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3. The vortex movement is evidently dependent primarily, if not
entirely, on the movement of the fluid about the vortex.

4. No effect of blaat-wave orientation on the vortex movements
relative to the fluid was noted.

5. For the cases where the vortex is surrounded lsrgelyby the
free stream (traiMng-edge vortex), the vortex movement is genera12y
at the free-stream veloci~.

6. For cases where the vortex is only partially exposedto the
free stream or is exposed to separated regions (leading-edge vortex),
the vortex movement is on the order of one-third to one-half of the
free-stream velocity.

7. It is shown that cases which exhibit a different timewise
dependency of the fluid movement with respect to a body likewise exhibit
a different timewlse dependency of the vortex movement or loading with
respect to the body.

8. Comparison of the vortex movements for the no-flight simulation
cases with a theory by Rott developed for shock-tnibeflow about a wedge
yields good agreement when an alteration of the theory is made so as to
apply to the qmsi-steady conditions.

Iangley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., October 11, 1957.
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APPENDIX A

COMPUTATION OF BLAST FLUID FIDW
. —

Consider the case of a spherical blast wave in which it is assumed
the vsriation of overpressurewith time may be represented by the fol-
lowing expression up to values of t“/td = 2; this expression has been

suggested in a nuiber of places in the literature (for example, see —

ref. n), and was found to fit closely the pressure-time curves available: __

P - Po .l-%

-

(Al)
P2 - P.

—
~
~ td

where b is a constant for a given blast-wave-peak overpressure p2 - po.

Let it be assumed further that the value of b may be found by evaluating

equation (Al) at Q =
td

2 by using values of the peak negative overpres-

sure from reference 12. If it is assumed that, in the region behind-th~

(
sphericsl shock wave O < ~td

< 1.0
) (
, the fluid entropy is constant- a

g<20
reasonable assumption for the weaker shock cases,

)
, then the

PO “
relation between fluid velocity and overpressure is found from Riemann’s
isentropic unsteady flow relations, which yields for air (when 7 = 1.40):

[1()
l/7

1+22 -1
$= Q Pa

The vslue of ~ ‘2 from theis found as a function of —
Po

shock relations applied to this case.

(A2)

—.
R~ne-Hugoniot

It canbe shownby numerical substitution that equations (Al)
and (A2) are very closely satisfied over a range of blast-wave over-
pressures, o<p2 - P. < 20 PSij by the fo~~w relati%
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.
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1
tI

-~
—=—4 1 t’

z~
e

15

(A3)

.

.

This equation then represents a approximation of the variation of
fluid velocity at any fixed reference point, with the time being measured
from the time of shock passage at this same point. In order more readily
to find the position tith time of a psrttculsr particle of fluid, the
time is now referenced to that of shock pass e at a specified fixed
point ad certain simp~fications are made. Y See sketch.)

) i UB=O

mme

E@ansion waves

t

Shock wave
(velocity = Vo)

1=0 -1

Radial position from blast origin

It is here assumed that over a short increment of the total blast travel,
the shock travel may be assumed to be at a constant speed. ILkewise,
the expansia waves, following the shock, are assumed to travel at the
ssme constant speed. Restated, the assumption is simply one of constant
shock strength and positive time duration over this increment of space
and should be a god assumption for the weaker shock cases end small
increments of space. With this model, the following relations are
written for the path of a fluid particle starting from 2 =0 at
time t = o:



The fluid velocity at t is

NACA RM L57K04

.

u _ dl
dt

The fluid time to reach Z is

t =t’+~
Vo

(A4)

(A5)

The variation of fluld velocity with blast time t’ at Z is
already given by equation..

The flow distance t is given by integration of equation (Ah) as,

2‘Id’‘Jt‘(t)d’
and inserting
nondimensional

and is accomplished by first substituting for dt by differentiating (A7)
u(t’) from (A3) and solving for dl to give (A4) in
form.

dl _ 1

()

d tI

Votd 1 t’ ~
-—

‘O e
2 td

—— . 1 —

u

(A6)

Equation (A6) is then integated to give Z as a-function of t’
and equation (A5) then substituted into the resulting relation to give t
as a function of t. The resulting fluid paths for a few blast-wave
overpressures are shown in figure 10 and were obtained.py integration of
equation (A6), by the method of finite differences. - – —

—

r
—

.

.

.
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TABLE I.- TEs!l!Coml?mom

MMel-chord orientation Blast wave Jet Resultant flov

:ollfig- With Wth. Peak Positive Peak M9Anuml Ma%nlwn

mation ‘bWt flau jet flow over- time flow ve?m?ty :gacf f’~

~, ao, presstie duration velocity Uo> velocity

&g deg @ - PO) td) %, ft/Oec ‘%;:

7

,2)
lb/sq in. microsec ft/6ec ft sec

1 0 1.3 1,2Q0 69
(flgV5(a))

113 30 137

2 0 1.3 1,200 69 113 30 137
(fig?3(b))

3 69
(fw!’2(c)) -

L3 1,200 0 % 69

4 1.3 1,200 69 0 31 @
(fig?3(d) ) -

5 “2.65 1,040 136 0 31 136

(fig?3(d) ) -

Ref. 1 90 0 1.4 25,m 7.5 ll$! 34 136
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(a) Closeup of model and jet opening.

Figure 2.- Model and wave-table arrangement.
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U. = 113 fps

/“

u*”69f~
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= 113 fp&3 4

‘o
4? $~

\
z 86°

/

‘B ~

U2 u 69 fw

(b) Confi~atim 2- ah- lea=

edge; jet floH.

Mgure 3.- Orimtatim of mdel with blast wave aul jet flow.
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Figure 4.- Schlieren photographs of configuration 1; ~ = 86-; jet flow.

Tim t is given in microseconds. -
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Figure 4.- Continued. L-57-27&
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Figure k.. Continued. L-57-2787
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Figure 4.- Concluded. L-57-2788
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(a) Configuration 2; ~ . 85°; Set flow;

Figure 5.- Schlieren photographs of configu.rationfi 2, 3,
microseconds.

. , r

mmlel reversed.

4, and5. Time t

L-57-2789

is given in

I ,
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(b),coDfi@WatiOn 3; C@ = 86°; no jet flow.

(c) configuration4; uB = 31°; R“ jd flOW;

Figure 5.- Continued.

L-37-27$X3

P2 - PO = 1.3 pfii.



.—
1

.

L-57-2791
(a) Configuration 5; aB = 31°; no jet flow; P2 - PO .2.65 psi.

Figure 5.- Concluded.
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(a) Chordwise components.

Figure 6.- Ratio of leading-edge vortex displacement to free-stream
fluid displacement as a function of free-stream displacement. Flags
indicate data after wave reflections.
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Ratio of vortex to free-stream normal displacement, r#yR

(b) Normal components.

Figure 6.- Concluded.
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indicate data taken after wave reflections.
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Figure 11.- Time history of resultant angle of attack and resultant
velocity for blast in flight (configui-ation1) tid blast over
stationary model with simulation of maximum resultant velocity and
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