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ABSTRACT

The similarity laws required for experimental
aerothermoelastic studies at M < 3.5 are reviewed.
An experimental program to check out some of the con-
cepts and ideas involved in these studies is proposed
with particular emphasis on flutter of thin, solid,
plate-type lifting surfaces, built-up w.ng structures,
and panel flutter. '
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Object - ‘ o o o - _ e

. A theqgretical study of the s1m11ar1ty 1aws for
aerothermoelastlc testing. has been made by the Aeroelastlc

. and Structures Research Labdratory at MIT.. The results are -

contained in References 1,2 ‘and partlcularly 3. It would

be of 1nterest now ‘to carry out an exper1menta1 test program
to check out .some of the concepts ‘and ideas involved in these
similarity studies. 'The present note describes such a pos-
sihleitest program. that might Be undertaken. For simplicity
this program will be limited to’ Moo<-3'5' o

Introduction
As was pointed out in the  above mentioned references,
s1m111tude~for the general aerothermoelaCtlc model is gener-

.ally not pOSS1b1e for scale ratios other than unity. The
'prlmary conflict occurs between the free stream Mach number
M , ‘the Reynolds number Re , the basic aeroelastlc para-

Qo .

‘meter oV /E , the heat conductlon parameter k_ /K_ ,

and the thermal expans10n parameter aOTO'. However, certain
relaxatlons of this basic conflict are possible when con-
sidering'specialized'situations -such as the behavior of wing
structures, thin plate-=like 11ft1ng surface structures, and

‘panel flutter. ‘Under these condltlons the similarity para-
.ﬁmeters assume less restrlrtlve forms, even permitting geo-

metrical’ dlstortlons in‘some cases.

“In the event that s1m11ar1ty 1s ‘not achlevable

- under these specialized situations, recourse may be, made to

"incomplete aerothermoelastlc testing' in which the pressure
and/or thermal loadings are estimated in advance and applled
artificially to the model. This is imn contrast to the pre-
vious complete aerothermoelastic testing where the high
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stagnat10n’temperature air stream‘provides both the approprlate

'aerodyn%mlc pressure 1oads and heat1ng rates to the model.

-

Flnally, if not much coupllng is evident between

the aeredynamlc pressure, aerodynamic heating, heat conduction,
and stress and’ deflectlon phenomena, one can construct '‘re-
str1cted purpose” models 1nvest1gat1ng separately one or
another of the above facets of the complete aerothermoelastlc

problem._

Since both restr;cted purpose models and "

plete’ aerothermoelastlc testlng” have been widely used and
studied. in the past, the present test program will attempt to
deal w1th the more novel specialized s1tuat10ns of the com-

incom-

'-plete aerothermoelastlc problem.

In propos1ng such an aerothermoelastlc test program,
it is-desirable to select situations _where. aerothermoelastlc
coupling effects are pronounced. The following situations

have accordingly been selected:
1) Flutter of heated solid sectlon wings
~2) Flutter of heated bullt -up w1ngs
3) Flutter of heated panels
In addltlon to checklng out- the aerothermoelastlc similarity

relatlons, the present program ‘can also serve to lnvestlgate
the -aerothermoelastic phenomena involved, and the- theory devel-

- oped to predict it.

Review of the Similarity Parameters -

“a) _ General Aerothermoelastic Body

‘'The .similarity parameters for a general aerothermo-
elastic model at Moo<;3.5 are essentially (Ref. 1, Eq. 2.35

- = .
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The first five parameters above are the primary ones

i + -to be recqngiled: The Py /‘poo condition is required only.

.

-

in dynamic aerothermoelastic problems such as flutter, and’

often there it may be neglected at sufficiently large values

of Pr Yi Po * The next five parameters serve to define the

relerence values of To*’ tO » Uy and o, to be used in the

nondirensionalizations . The P /EO condition defineg

) any additional non-aerodynamic loads present. The €0 TOL/KO
and PBgL/PCDV2 conditions enter only when surface radiation
effects and gravity effects are significant, while the next
three conditions can usually be satisfied by many gases . and
materials. The remaining double-barred quantities are all
functions of temperature and require that they have the same

variation for model and prototype. The TBi/'l‘O calls for

' ' ’ ! similarity of body initial temperature states.

) 1f the above parameters are satisfied, then the

’ : nondimensional quantities P/POOV2 , T/TO t/to, u/uO and G/do
® Y

(-3

x_ .
: The presence of the two reference times t, need not be
) bothersome if thermal times are considerably different from .

aerodynamic times.

Iy
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w111 be the same for model and prototype and behavmor of
the model may infer. behavior of the prototype. References 1
and 3 glve a discussion of the uSe of dlfferent materials and

gases to satlsfy the above requ1rements.

. »

: . Slmllltude under the condltlons of Eq. (1) is- oener-

ally not p0351b1e for scale ratlos other than unlty.‘ The .
follow1ng,spec1a112ed aerothermoeIastlc problems were there-‘
fore:also studied in whlch 1t is shown that several qf the
parameters of the general problem above appear in Less re-

strlctlve comblned forms. - . o ..

fb)h Wing Structures

For the spec1a112ed 51tuatlon of wing structures

~the 51m11an1ty parameters of Eq. (1) reduce essentlally to

(Ref 1, Eq.4.8 and Ref. 3, Eq. 58)

-
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The parameters above are less restrictive than the
general case since koo(Re)'S(Pr)l/3 / K, above is a combina-
tion of the Re | kco/Ko and Pr . conditions of Eq. (1).
This parameter results from the application of Prandtl's
‘boundary layer concept to the flow close to the body region.

¢ i

Turbulent flow is assumed above (lf laminar then the second

parameter is replaced here and throughout by k- (Re).S(P )1/3/Y ).Q‘ .

The parameter ('P - T, )/(T T now scrves to deflne

Bi)

3
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.ture 6 1is now «defined as (T - TBlﬁ/(T
" the T/ T. of the general case_aj, therefore e11m1nat1ng pro- .
';blems n1ma1ntainingcumbensome unlform initial temperature “

~'when only the. skln heats up and not much heat . has been con-

-
. ® . .

the reference temperature T, » The non-dimensional. tempera-
‘T 3 rather than

condltlons on the models. ) : . N

A furt%er S1mp11f1catlon can be made at early tlmes,"

ducted to the webs.' Under these conditions and W1th the-

.assunptlon that heat flow in the. plane of the th1n skin ‘is

ncgllglble the second. and seventh parameters abdve COmblne
into. the 1ess strlnoent parameter.

B oo 00
L 8% C. LT

Under these conditions it -is seen that the Reynolds

(3)

number Re
! 00

merely serves to redefine the reference time ty -
This eliminates the primary obstacle in the scaling laws and

any scale length may now be accommodated.

c) Thin, Solid, Plate-Type Lifting Surfaces

The parameters of Eq. (1) are further.reduced to
the following less restrictive forms when considering afflnely

-related thin, solid, plate-type lifting surfaces (Ref. 2, -
Eq. 5.11, 2.34, 3.12, etc., and Ref. 3,-Eq. 63)

Lo (To-Tpi) , _f%_

. 1 3.
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" Eq. (1) because of their combined forms 1nvolv1ng . If

°WHEre & 1is the thickness ratio. These parameters are
L]

appllcable for large deflections and 1t 1s‘assumed that ,the
.heat flow into the thln.plate—llke surface causel . very small
temperature var1at10n through the thlckness” . .

The parameters abpve are less restr1ct1ve than
small deflections are assumed-and if addltlonaily piston. "
theory can be assumed for the aerodynamlc loading, the refer-

"ence parameter -u /LT does not appear separately in Eq. (4)
. ahd- U becomes a free quanﬁlty. b

The scallng requxrements ‘are. further simplified
if it can’ be assumed that heat flow 'in the plane of the plate-
like surface is negllglble. In th1s casé the follow1ng para- "
meter replaclng the second and seventh conditions .of Eq. (4)

results o . .

. g /3 .
r | Aéa.(/@ (R). 4o e

the reference time ‘to

,le,‘ Panel Flutter

The parameters aof Eq. (1) reduce essentially.to the

follow1ng for the flutter of thin heated panels undergOLng

L

"where again it is seen that Reooh will serve only to redefine’

large deflections (Ref. 1, Eq. 4. 30, Ref. 2, Eq. 4.19, and Ref.
Eq. “70) T :
. . g' IO_/} . . .
foo 4000 (/?foo) (F;.) ) Ao (T" joa /M —/ r )

£, ¥ /‘—— Ko7 T £,

3,
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where
of

T

is the thickness ratio of the panel.

: The absence

Mw-l T

is to be noted since now there.are no aero-

For small defleetions

the de-

dynamic, rhickness effects.
flection parameter ug / LT will not appear separately above

(6).

j As in the case of the thin solid lifting surface.

in" Eq.

c , the second and sixth parameters above comblne
into the® single parameter of Eq. (5) 1if heat conduction in.
the plane of the panel is negligible.

-

EXPERIMENTAL TEST PROGRAM

a)  Flutter of Thin,

Sdliderlate-Tyge Lifting Surfaces

.
-

° It is proposed to test three similar 'wings of

w

different scale.in a large,ihigh stagnation temperature wind

tunnel at

M =3
00

Their aerothermoelastic behavior,

‘prin-

cipally flutter,

is to be correlated according to the special-

i%ed parameters of section «c

above.

3

of

The wings are to be rectangular in planform,

.Q3,3A€ =

solid double wedge cross section with er =

maximum thickness at seventy percent chord.

3 and

The tunnel stag-

nation temperature should be approximately 500°F  and the
wings constructed of stainless steel® 17-7 PH for strength and
This
latter consideration would provide a better indication of the
direct effect of thermal” stresses in reducing the torsional

Ll

minimum change in material properties with temperature.




stlffness of the wing. For such wings, the dynamic pressure,
PV /2 » at flutter is approximately 3800 lbs/ft2 and the
max1mum reduction in GJ is approximately 70% according to the
theory of Budiansky and Mayers (Ref. 4). In order. to minimize
the starting lqads on the wing, it may be provided either with
a flexible root, 1nJected 1nto the test sectlon after flow

has been establlshed or prov1ded with a protectlve cover shell
which will take the starting loads and then become disengaged
.after the flow has been established. This® latter method* has
been used by the NASA in their 6' x 9' , M, =3, thermal

‘“tunnel.

. - Models of different scale are suggested so that
the influence.of the Reynolds number appearing in the second
parameter of Eq.-(4) may be ascertained. It is also of par-
ticular interest to see if correlation is possible with the
parameter .of Eq. (5). If so, the effect of a ‘change in length
scale at fixed free stream conditions would .be to merely

change the actual time  of ‘occurrence of. the aerothermoelastlc“

phenomena ‘being" lnvestlgated

. The flutter test procedUre would be to first estab-
1lSh the cold flutter dynamic pressure of these wings by test-
1ng at room stagnatlon temperatures. Then one could run at
.usome lower P \Y% /2 but higher stagnation temperature and
observe the tlme to flutter for each of these wings.

The models could also be instrumented to measure
-temperature and root strains and correlation again attempted
using the parameters of Eqs. (4) and (5). 1In addition to
lcorrelating slmilarity parameters, the above tests would pro-
vide an'experimental check of Budiansky and Mayers' theory of
thermal stress effects (Ref. 4) on basic aeroelastic flutter.

® @

" The effeet gf using different materialsamay be in-
vestigated by using one of the 17-7 PH steel wings above as a




. prototype and an identical wing constructed of aluminum 2024 i
as the model.  According to Egs. (4) and (5) above, similarity
may be achleved using a *lower stagnation temperature such that
a, (T - TBi) was maintained. The corresponding dynamic pres-
sure for the alumlnum model would be about 1/3 as great as

e

. the steel prototype. .o

The effect of using a dif}erent thftiness'ratio T
could be investigated This would then require testing at a
. o different Mach number to maintain the same M T , and at
a different stagnation temperature. Again correlatlon with
the basic 17-7 PH steel wing as ‘a’ prototype could be attempted,
in both flutter speeds, time to flutter, and temperature time

E »

' . _histories.

o, ' ' This proposed experimental program was dlscussed

’ " with the personnel of ‘the Structures Research Division and

Dynamic Loads Division of the NASA at Langley Field, Virginia.

! : As a result of discussions there, it. is- recommended that tests
) be conducted also on f1at plate delta and swept wing planforms
SLmllar in-.nature to the tests described above for the rectan-
gular w1ngs. Some of their current tests on such delta wings
~are along similar lines as described here ‘and it is anticipated
that when .more data is. available correlation will be attempted
according to the parameters described here.

b) Flutter of Heated Built-Up Wings

In this program, it is proposed to again place -
three different scale built-up wing sections in a large, high
vstagnatlon temperature Ma). 3 tunnel, and to correlate aero-
"elastic behavior, : : o

. : The suggested wings could be of typical X-15 type
construction. 1In this case, there is.not expected to be a
marked decrease in GJ due to thermal effects. Probably here,

[
£
* o ® © .




only temperatures or static tip twists as influenced by
temperature could be measured.

Another program that might be of interest to under-
take here would be to build three different scale models of
the chordwise type flutter observed 6rigina11y in Reference 5.
The time to flutter for these different scale models might
p?ssib1§ be correlated according to the parameters of Eqs. 2
and 3.

c)  Flutter of Heated Panels

In this program, it is proposed to place three
similar panels of differing scale in a high stagnation temper-.
ature tunnel. Again, the correlation of the flutter behavior
and time to flutter of the different size panels could be
attempted according to the parameters of Eq. 6. Different
materials as well as different thickness ratios and stagnation
temperatures could be tried for correlation as previously
suggested in the flutter of heated solid section wings.

In this connection, the interesting phenbmenon of
heated panels first fluttering and then stopping after buckling
1s produced might possibly be examined. As reported in Ref. 6
the times to start and stop fluttering might possibly be corre-
lated. For the stopping behavior of this flutter, the large
deflection parameters would no doubt have to be used.
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