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FOREWORD

This report wvas prepared by M.E. Hillsamer of the High Speed
Aero Performance Branch, Air Force Flight Dynamics Laboratory,
Wright-Patterson Air Force Base. Ohio. 'r;ue work was perfoned as ‘
part of the AFFDL in-house research under Task Nr. 136603 "Aerodynami.c o
Heating to Hilitary Vehicles", Projcct Nr. 1366 "Aetoperfomnce and
Aeroheating Technology", and covers work conducted betveen Decenbet_" .
1972 and March 1973, |

Models for the tests were designed and fabricated under the - |
direction of Mr. John E. Fehl, Aerospace Vehicle Branch (FXS), and -

tests vere conducted by personnel from Aeromechanics Branch (m)

and Bxperi-enul Engineeriug Branch (m) of the Air Force Il:lgh:

Dynamics Laboratory. The author gratefully “kmvledgu the 1: ’. .‘. .
cooperative assistance. : L

This report has been revieved and is approved.
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ABSTRACT

An experimental program was conducted to evaluate the use of
encapsulated liquid crystals as a means of determining temperature "
profiles in regions of interfering flows ‘on wind tunnel models at |
supersonic speeds. The tests were conducted on both plane autfaceav
‘and on an ogive cylinder model equipped w:lth 3 dimensional shock

' generators at Mach numbers of 1.89 and 3.00 in the Trisonic Gasdynamic(
Facility of the Air Force Flight Dynamics Laboratory. Freestream |
Reynolds number were 1.0 and 3.0 million per foot. o
| Results shov that models coated with encapsulated liquid slurry _. ; |
and overcoated with a protective plastic film provided bettexAr. o

' temperature profilca than models equipped with paper aubstrated 4 4
l:lqu:ld ctntah. Tenpeuture profiles vere easily d:ucern:l.ble ovgr
the entire surface of the og:lve eyl:l.ndet -odel within viwing range

of the ca-eu, and specular reflect:l.ou on thc uon-plmr surfaces

: did ot 1nv.11clnto lﬁ! dat.. SRR
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I. INTRODUCTION

Aerodynamic heating of aircraft and missile configurations in .‘
tha anpétaonic flight regime, while not so severe as to cause
catastrophic failure, can result in degradation of the atructute_.
- of special lintereat are regions around wing-body or fin-body :
junctions vhere localized "hot spots” develop because of intersec-
ting flow fielda. :

The purpose of the preaent study wvas to investigate and evaluate
wmethods of obtaining model aurface temperatures and heat tranafer
rates in regions of .interfering flow fields at low Mach nu-be,ra,

Several methods have been used in vind tunnels to measure temperaturea.
and heating ‘rates in regions of interfering flow fields at Mach numbers .
of 6 au'ld above. Neumann and FBurke (Referaaca 1) compare reaultav
obtained by them and others in interfering flow fields of 2 and 3-
dimensional shock generator models. Models used were thin skin flat
plates equipped v:l.th atandard thermocouple :lnatru-en‘tatian. Incbnplete
mapping of high heating regions resulted because of laek of adequate
instrumentation in areas of interest. Thin skin thenoconple insttu-
mented nodela are also quite costly to buﬂd. '

Varioua investigators auch as. Jones and !lunt (neference 2) ‘and
Patterson (Reference 3) have used a -ethod of obta:ln:lng quantitative
heat ttanafer leaaurmnta v:lth talperature aena:ltive phaae change

coatings applied to -odala made of low couductiv:lty -atat:l.ala. auq.h as |

a1

Teflon or Stycaat. _ Schnlta (laferanca i) uud thu phau




coating method té quantitatively obtain heat transfer rates in inter-
ferfering flow regions on a flat plate model in the AFFDL High Temperature
Facility at Mach 10.

An ob#ious disadvantage in the use of the phase change coating
technique is that the phase change is not reversible. Médel surfaces
must be cleaned and coaééd before each test run. Also, the Stycast
castable model material used for the model fabrication is not completely
homogeneous, andvthermal properties of the material vary from batch
to batch. . . |

McElderry (References 5 and 6) conducted boundary layer transition
studies at supersonic speeds using cholesteric liquid crystals attached
to plexiglass models. The start of transition was determined by the
color change of the liquid crystals due to inéreases in model surface
temperatures. Klein (References 7 and 8) was probably the first
ihvestigator to report on the use of liquid crystals for aerodynamic
testing. |

While the investigations of McElderry and Kle;n were gainly_concerned
with locating Soundary layer transition and turbulent r%gigns, the liquid
crystals technique appeared applicable to complete thermaljmgpp;ng of
models, with special emghasia on regions of interfering fléy f}eldg.
Advantages of this method are that model fabrication coéts‘ggn be low,
complete temperature profiles can be obtained; colof chéngga'of the
liquid crystals are reversible, and the liquid crystalq'ﬁrg obtaigéhle
over a wide range of lower temperatures suitable for sugétéggiclwiné
tunnel facilities. | '2‘ ; i .

Thé present studies evaluated methods of attaching iiQpid crystals to

2 , o . l?




the modgls, placément of light sources and cameras, mechanical stresseé
on the coatings and thermal mapping of the models. No means was
available for obtaining temperature-time variations om the models, so

transient heat transfer values were not obtained.

IL. APPARATUS

-

a. Models

Four plexiglass models were constructed for use in this study,
Ple;iglass wgs chosen for its low thermal conductivity,<unifdrmity of
material, and ease of machining. |

Two models, identical in size and sﬁape. were used to evaluate methods
of attaching liquia crystals. The models were flat plates 8 in. wigde, ;
16 in. long and 3/4 in. thick with sharp leading edges of 15 deg bevel.
The top surface of the first model was recessed approximételyFO.OIQ in.
from 0.250 in. back of the leading edge to the rear of the modei, This
recesé'vaa provided for mounting plastic covered, paper backeg sheets cf
liquid crystals with two-sided masking tape. A smooth p@del surface was
thereby achieved. The top surface of the second nodé;.yéa not recegsed
and was painted flat black to provide a dark base fdr‘:hg Liqq#ﬂ ég;atals |
slurry an altetnatipe to the paper backed sheets brevidﬁ#lytuﬁqd. - a

The third model tested was a flat plate 1dent1ca1ﬂt6'th§.§égoqg f
model except that the width was 14 in. Use of the widéf'ﬁoééilgésgggg
that flow disturbancés from the front corners of the m@dgl gguiﬁ n9§' |
affect the flow in the region of shock generation.. o ;

Two shock generators were used with the flat plate nodela. Ea;h

generator was 7 3/4 in. long, 2 in. high and 1 3/8 in. vide witp qu;p

lending edges of 20 deg bevel. The leading edge cweep angle of thg fitat




was 0 deg and 30 deg on the second. Holes drilled through the flac
plates permitted the shock generators to be bclted on at any desired“
position. The shock generators were aluminum painted flat black to ;
reduce glare from camera”liéhts. ' '

To evaluate the use of liquid crystals on non;planar surfaces,
an ogive cylinder model, 12 in. long and 3 1/4 in. base diameter wae
fabricated from plexiglass and painted flat black. Two different size
canards were supplied for shock generation on the body of the mode1.~,;
Both canards had a leading edge radius of 0.016 in. and a leading edge
sweep angle of 57 deg with'a trailing edge sweep angle of 10 deg.
The larger canard (A) had a base chotq of 3.73 in. and a span of 2;62 5
in., and the smaller canard (B) had a base chord of 1.90 in. and a B
span of 1.36 in.. The canards were equipped with roll pins whicﬁ ﬁefe |
inserted into a hole in the side of the model 2.57 inm. forward of the ij;;
base and held in place with a set screw. Canard angle with respect )
to the model could thereby be adjusted.

Figure 1 is a sketch of the flat plate models wich]shqck genereccic.

Figure 2Apresents the ogive cylinder model with control canards attached.

L A .-
AR 4 .

B. Liquid Crystal Coatings : ‘ o ;Lm t.'“L'

Cholesteric liquid crystals are chemically cholesterol esters
mostly of fatty acids. These nonflammable substances are liquid in
mobility but crystalline in optical properties. When 111uminated with
unpolarized white light, incident at a given: angle, only one light ji: -

wavelength is reflected at each viewing angie.. Sna11 tenperature changes?




cause a shift in the molecular structure of the liquid crystals, and .~ .

light of a different wavelength is then reflected. Fergason (Reference 2

9) presents more complete documentation on the properties and character;:: ’

isties of the 1liquid crystals. ' R
By selectively mixing liquid crystai substances color changes .

through the entire visible spectrum can be obtained with increase in

temperature. The temperature span of coior changes can be as”seellias.

1.8°F or as large as 90°F.. Temperatures can be measured with‘better;tﬁeﬁ

0.18°F accuracy, and reaction time of the liquid crystals to temperature

change is less than 0.2 sec. Temperatures at which known liquid crystals

~ operate range from ~4°F to 480°F. The color changes of the liquid crystals -
are teverstble, and the substances can be cycled through theit temperatqre
ranges aﬁy number of times. E |

Liquid crystals in their raw form are responsive to mechanical stress,’

electromagnetic radiation and chemical vapors in addition to tempe;ature.

The National Cash Register Company (NCR) has an encapsulation process

;155

whereby microscopic amounts of liquid crystal compounds are encaqed 1n

hard spherical shells 10 to 30 microns in diameter.

The encapsulated liquid crystals are more stable and 1ess]res§eﬁ§1véitt’vi

to mechanical stress or chemical vapors. : ,,-1?4
Encapsulated liquid crystals are available from NCR in either

sheet or slurry form. The sheets are made by sandwiching a thin 19&3:

of encapsulated liquid crystals between a top sheet of clear plagtic ‘E{

and a back of black paper. The sheets are fastened to the nodel sprface .

,,—(

with two-sided masking tape. This nethod wns used on the fitst nodel

2. ‘,'
PR

tested in the pteseet study.
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D. Instrumentation

Encapsulated liquid crystals in the slurry form were sprayed
on the surface of the model with an artist's air brush. After the

slurry dried a protective coating of Krylon plastic was applied to‘:

~ the model surface. A hard, smooth model surface was obtained with a_

~ total coating thickness, including flat black paint, liquid crystals
and krylon coating, of 1.1 mil. This method of application was‘psed’

on one 8 in. wide flat plate and 14 in. wide flat plate and the

ogive cylinder model. All models were coated with NCR type W—lS encapsu-ﬂgi'ff

lated liquid crystals, which has a temperature span of 10.8 deg F from ‘;,f;
and color: change temperatures of this particular compourd.
C. Wind Tunnel

In-house testing was conducted in the AFFDL Two«Foot Trisonic
Gasdynamics Facility (TGF). This facility is a closed circuit, variable:q

density, continuous flow wind tunnel using air as the working fluid.‘

A variation in Mach number from subsonic to Mach 3.0 is provided through
the use of fixed two-dimeﬁsional planar nozzle blocks. )

Stagnation pressure and temperature can be set by the operator and

. :'-: -

are automatically controlled to within +l psf and +1°F° respectively,
Figure 4 is a sketch of the general layout of the wind tunnel
Reference 10 describes the facility and associated equipment 1n full
detail.
Color photographs of the -odel at each attitude constituted tﬂe -
entire model data acquisition. A.6 x 5 graphic viev camera was pla;ed
directly normal to the model surface spproxinstely 6 feet fro- m

start of red to start of blue color change. Figure 3 shows the renge}_rdit__f




subject. The light sources were two 500 watt, 3200 kelvin lamps about
.30 degrees on each side of, and slightly higher than the camera. Four

- gecond exposures at F22 were made on type L Ektacolor film.
IIXI. TEST DESCRIPTION

A. Test Conditions

Tests to compare paper mounted encapsulated liquid crystals (ELC)
with slurry coated models were conducted at Mach 1.89 and a freeatream
' Reynolds number about 3 million per foot. Stagnation pressere was
1600 psfa, and stagnation temperature was varied from 100 to 115°F in
5° increments. The two 8 ihch wide by 16 inch long flat'pla:ea veie
used during this phase of the test:. |

The 146 in. wide by 16 inm. long flat plate and the ogive cylinder
were tested at Mach numbers og' 1.89 and 3.00 and freestrean Reynolds
nunbers about one and three mfiiion per foot. Table I lists test
conditions for each model. '// | |
B. Test Procedure \

All models were provided/ ith ELC coatings several days before start
of the tests and stored so|thnt testing would not be delayed by model

preparation. No deterioratién in coatings was evident because of

\.
V.

storage. K

Prior to startihg the wi&h tunnel for each test run, each flat plate
model was rolled so the coe}ed surface was in the horizontal plane.
After starting the tunnel, %he model was rolled 90 deg with the coated
surface toward the canera./)This starting.procedure reduced the danger of

the model damaging the winévwe in case high starting loads would cause




the model to break loose.

First test point pictures were taken at the maximum required stagna-
tion pressare and minimum stagnation temperature. The temperature was then
increased with photographs obtaided every 5 deg.- Stagnation pressure and
temperature were then reduced to minimum.required conditions and the N
procedure was repeated.

Shock generator fins were tested at the most rearward locations first
so that the shock generators would cover the mounting holes in the surface
of the model on succeeding runs. During Mach 3 testing the mounting holes
toward the front ef the flat plate were filled with modelling elay to
assure a smooth surface ahead of the shock generator.

The ogive cylinder model D, was installed with the fin mounting
hole toward the camera. Initial test point for each rum were at maximum
stagnation pressure and minimum stagnation temperature. The model was
pitched from 0 deg to 12 deg with test photos being obtained every 4 deg.
Stagnation temperature was then increased and the angle-of-attack sequence
was repeated. ‘ |

Table II is a summary of model configuratioas used during teatidg
in the 2 Ft TGF} |
C. Data Reduction ,

There was no method available for removing the model from the tunnel
airflow’and providing a time base to obtain transient heat transfer rates.

Therefore, all data presented in this report are in. the form of temperature

distance lines or isothermal line patterns in the region of the shock

s remrmen. t ot stea




generators. These isothermal lines were obtained from 8 x 10 in. color
prints of the test photographo taken at each test point.

The standard 2 Ft TGF data reduction was used to provide stagnation]ﬁl‘

P

and freestream operating conditions ;ﬁ the wind tunnel.

e A

IV. RESULTS

A. General

Data presented in this report are froo two separate test periods 1p‘f?'
thc 2 Ft TGF. The majority of test time was concentratedlin the Hach‘ly‘}if' Q
- 1.89 studies, with only sufficient runs at Mach 3.00 to determine the:’.u :
suitability of the method. Results presented in thio‘report are at o¥t’.;
stagnation temperature of 100°F for Mach 1.89 and 115°F at Mach 3.00,;

The higher teﬁperature was necessary to produce color change profiles:
at Mach 3.0. - ek

A total of 392 color photographs of model temperature profiles were

e ey

obtained during this test. Because of the time 1nwolved in reducing

- s nze

data from all the photogtaphs, only representative temperature profiles

are presented. Reproduction of color photographs is quite costly, 80 .-

LA
T -

only representative color prints are presented in this teport. Sufficien:
fine detail was not obtainable from black-and-white prints of the color

negatives. Temperature profiles presented were obtained by plotting distances e
measured from color photographs. Nome of the data were reduced to heat |
transfer coefficients because noladequatovtine‘hase_wio available to = g

determine heating rates.




B. Mach 1.89 Data

The first phase of this study consisted of determining the most
suitable method of attaching liquid crystals to the flat plate models.
Comparisons of the paper and slurry type mounting methods are presented

in figure 5 (a-h). For identical fin locations, high temperature areas

are the same on both models. However, much clearer detail is evident on:   :::'

the slurry coated model because of the smoother test surface. The

paper backed ELC appeared to bubble and wrinkle when exposed to the

tunnel airflow causing tripping of the model boundary layer. Streaks df'v'if

color on the paper coated model are evidences of this boundary layer
tripping. With the fin at its most forward location (fig. 5 gj
" the entire rear section of paper mounted ELC came off during testing.

Klein (Reference 7) utilized raw (not ehcapsulated) liquid ctystals

in the siurry state which were free—flowing during wind tunnel operation.

"

The coatihg tended to leave regions of high shear, and necessitated
recoating the model after a period of testing. His recommendation was to

cover the liquid crystals with a thin transparent plastic‘coating wﬁiéh |

would shield the crystals from mechanical stresses. The slurry coated modelé

\

used in the present study were coated with Krylon plastic spray over the ELC.

This method provided a hard model surface which showed no airflow shear

effects. Although reflections from the light sources are evident, color i;“

changes due to temperature were visible in color photographs over fﬁéﬁi fﬁh‘”

entire model surface.

10
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The rough appearance of the model surface in figure 5 (b,d,f and h) was
caused by the method of Krylon spraying used, and the model boundary layer

was not affected in any way.

A representative comparison of the temperature profiles obtained from
the two types of model coatings is shown in figure 6. While the patterns
are generally the same on both models, the line of constant temperature are
much clearer on the slurry coated model (fig. 6 b). Broken and nonuniform
color patterns on figure 6a vere caused by the paper mounting aéparating
from the model as mentioned:previously. Clearly defined rég;ons on the
slurry coated model (figure 6 b) show the bow shock from the fin and a
high temperature region between the bow shock and the fin. -

P?gures 7 through 10 present tempetature profiles on the 14 x 16 in.
flat piate (model C ) with the shock generator fins at a deflection angle of
15 deg. Color photographs from which the temperature profiles were derived
ghow boundary layer tripping occuring at the higher Reynﬁlda number. This
tripping was the result of leading edge surface ittegulatities #au;ed by
slight mismatches between the stainless steel léadingfedéevand_the plexi-
glass test surface. '

Bow shock angles from the shocﬁvgenerato; fin are shown in the tem-
perature profiles of figures 8 through 10 and are greater than the 48 deg.
Shock angle.p¥edicted for a 15 deg wedge in Reference 11. The higher shock
gnglea shown on the profiles were c;used by the shock generator fin being
behind the Sov shock from the basic model., Two different flow fields, ome
from the flat plate andvtho other from thé shock generator fin, intersect
to form the flow_f;eld producing the te-peta;ure p:o££1n3;7'th§t; figures

. . | - ST E T e
1 s g RS
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show that as the fin is moved forward, the initial shock angle decreases

until at X, = 0 in., the shock angle is about 50 deg. The initial shock

F
angle from the fin is also greater for the lower Reynolds number case.

A comparison of figures 7 and 9 showed that the shock angle was approxi-_
mately 3.deg. less for»the 20 deg. swept fin (B) than for the 0 deg.

swept f£in (A).

Secondary areas of high temperature are shown close to the fin/plate e

junction. While no oil flow or surface pressure data are available for

these flow conditions on the model, the flow field appears to compare with

that discussed in Reference 4 Section IV. A conical corner flow region

starts at the plate/fin junction, and vortices emanating from "the corner ;l

vertex produces regions of separation and reattachment with higher tempera-i '

tures evident in the reattached regions.

Tefmperature profiles in the interference region of the model with
the fins at 5 deg. deflectlon are presented in figures 11 and 12 for a.;
Reynolds number of 1.0 milllon per foot. Predictions from Beference 11;
for a 5 deg. wedge show an undisturbed shock angle of aucut 36.5 deé.f'
Profiles of figures 11 and 12 indicate a minimum shock angle of abqut :

\
28 deg. for the 20 deg. swept fin (figure 12b) to 37 deg, for the 0

deg. swept fin (figure lla). As in the profiles for fin deflection angles -

of 15 deg., the profiles in figures 11 and 12 show secondary_areashqf
high temperature between the fin and bow shock. P R

Results of using encapsulated 1liquid crystals on a nonrplauar sur- ;

face are demonstrated in the temperature profiles of figures 13 th;aqgh 16.;‘2;.

Reference 7 1nd1cated difficulties in obtaining acceptable results gitb ;: ::p
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liquid crystals because of specular reflections and adveree angles of
illumination and viewing. On planar models these problems can be resolved
by using a single light source and camer'e placed normal to the model sur-
face. However, on curved' surfecee light source and camera placement muet
~be counpromised by triai and error. Profiles on the ogive cyiinder' model

presented in figure 13 through 16 indicate very good resolution of fin in-

duced separation and high shear regions can be obtained on bodies of rev-
/ . .
olution equipped with controlz canards.

~ Generally, the temperb,\ture patterns are quite similar for all canard
deflection angles and model)angles of attack. A high temperature region
is seen in the location of (Khe canard bow shock. A second high temperature
region extends along the c:j;rd in a region of high shear. Between the two
high temperature areas is € low temperature aecondary separation region.
Although no oil flow data b re obtained, temperature profiles indicate flow
characteristics similar toi

at higher Mach numbers suc& as presented in References lo and 12. '

The base geometry of Z\
of the .ogive \cylinder with a canard deflection angle of 0 deg.‘ As the
canards were deflectedéi to 15 deg., a gap appeared betneen.'the- 'front ‘point
of the canard and the }ndel body.’ This gap was unavoidable and is espe~

cially apparent in f{gures 13 and 14. At a canard deflec,tion of 0 deg. ,

the color change stark is 0.10 to 0.20 in. behind the fmt of canard A.

hose formed on the flat plate models and results

nards A and B was contoured to match the surface

o e g o1 - bAAAErE oy s ®
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C. Mach 3.00 Data
A very abbreviated test program was conducted in the 2 ft TGF at
Mach 3.00 to determine the sutiaoility of the modela and test procedures
at higher Mach number. Maximum stagnation temperature in the TGF was
limited to 115°F by mechanical constraints. The adiabatic wall temperature
was calculated by the equation
- 2
1+ (E) rvg |
Taw= T
AW (EEDmE °

_ where r = 0.85 for laminar flow and 0.89 for turbulent flow. For Mach 3
flow at a stagnation temperature of 115°F the adiabatic wall temperatures

were calculated as 59.8°F for laminar flow and 74.4°F for turbulent flow.

While the color change range of the ELC was suitable for Mach 1.89 testing,'

model surface temperatures at Mach 3 were suspected of being too low to
produce color change profiles of an acceptable quality. Representative
results of Mach 3 testing, presented in figures 17 through 19, show that
good'temperature profiles were obtained in the interfereice regions of o
the models. \ | : | : »i

Figure 17 shows temperature profiles on the flat plate model C with
fin A at the most forward position and deflected 15 degrees. At Mach 3 A
there were no evidences of leading edge imperfections causing tripping of °

the model boundary layer as was observed at Mach 1.89. The fin bow shock

~angle shown in this figure is approximately 43 deg. Reference 11 nredicto _

cA

14




a shock angle of 32.2 deg for a 15 deg wedge at Mach 3.0. The greater

measured than predicted shock angle was caused by the flow fields from the

-model and fin intersecting to form a flow field similar to the one diseussed“

in Reference 4, Section IV and earlier in this report. Also shown in this_;
figure are a low temperature separated region and a bigh temperature, high
shear region close to the fin. a
Figures 18 and 19 present temperature profiles on model D with canard
A. Profiles produced on the non-planar model at Mach 3.0 are quite similar
to the Mach 1.89 data. The most notable difference is the Mach 3.0 ig;er-

ference regions are narrower than those on Mach 1.89 date;' This ie due to

the lesser canard shock angle at the higher Mach number. The high tempera- V

ture, high shear region and the low temperature separation area are evident

Ve T

in figares 18 and 19.
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V. CONCLUSIONS

The u§e of encapsulated liquid crystals was shown in Reference 5 to ‘
produce better results than raw liquid crystal for temperature measure-
ments on planar models. ﬂhile Reference 5 presented resuiﬁs ofvuqing’_
paper mounted ELC, the present study shows the ELC in slurrf‘form; 5

sprayed on and oversprayed with a protective plastic co#ting'was'the |

most suitable method of using liquid ;rystals for aerodynamic testing."‘ |

No adverse effects from mechanical stresses were noted,'and color patterns ;3

were not obscurred by specular reflections.

[

Use of encapsulated liquid crystals on non-planar surfaces vas‘demonv, |

strated in this study. Temperature profiles were easily diséernible ovgr;
the whole viewing range of the camera, and high teﬁperature regiop%'werev
obtained 6n the surface of the ogive cylinder model greater thaﬁ 75 deg
from normal camera viewing line. _ | :‘
The addition of a technique for cooling and shidding the’médei from

the airstream plus a fast model injection aystem with time base would pro-

vide a means of obtaining transient heating rates using liquid crystal ; }.

coatings. H%gh speed movie photography would be necessary to pbserve thei» '

formation of color patterns on the model. |

Results of the present study have shown that encapsuléted iiqﬁid 
crystals provide a useful too} in determining flow patterné'and'régibnsv
of high temperatures on models in supersonic flows. Thi.'ﬁéthod will be“

used in future tests to determine high heating areas on vcapona cyste-s

externally stored on the underside of an aircraft wing at aupe:sonic .peedsA‘3>

More complete -ayping of the high heating regions can be acco-plished by

this tcchniqu. than vith thct-ocouplcl on' thin skin -odols.f

- 16
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Table I, Test Conditions

Mach Nr. Re,, X10%/£¢t Po, PSFA | To, °F

A, 8" x 16" 1.89 3.0 1600 100 — 115

Paper Coated _;" : :
B, 8" x 16" 1.89 4| 3.0 1600 100 — 115

Slurry Coated /‘ - .

Cc, 14" x 16" 1.89, I 3.0 1600 1100— 115
\| 1.0 560 100 — 115
D, Ogive Cylinder 1.89 (1 3.0 1600 100 — 115
| 1.0 560 100 — 115
C, 14" x 16" 3.00 /? 3.0 2900 - | 110, 115
. 1.0 1000 110, 115
D, Ogive Cylinder 3.0 3.0 2900 i i 11s
' < 1.0 1000 Co11s

o ‘

e : -




-

Table Ii, Model Configurations Tested

3 ;9i

Mach Nr.| Reo | Model Fin | X, in. § deg ‘o deg

x106/£¢ » |
1.89 3.0 A (8 x 16) A 0,4,8, off | 10 0
1.89 3.0 ‘B (8 x 16) A 0,4,8, off | 10 0
1.89 1,06 3.0 | C(14x16) |AG&B 0 5,15 0

: 4 0,5,15
8 off | 0,5,10,15

1.89 1.0 & 3.0 D (ogive-cyl)| A & B ‘ 0,5,10,15 | 0,4,8,12
3.00 1.0 & 3.0 | C (14 x 16) A off, 0,4,8 | 5,15 1
3.00 1.0 & 3.0 | D (ogive-cyl)| A& B 0,10 0,5,10,15




a. Model C with Fin A

~ b.Model A or B with Fin B
Figure I. Sketches of Flat Plate Models

20







0~

R From Edmund Scientific Co.
L Bulleﬂn Nr. 7II3I7- 5 ‘

.




Riuoes oueuRpses duOBHL 1Q4Y b 240813,

. .i..
BRI e ) ...l.cu“i«ldll«lj -

f
.»
|
b
b
.* .




a. Paper Mounting, No Fin

Slurry Mounting, No Fin
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Figure 5. (Concluded)
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