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ABSTRACT

Heat transfer rates are measured on a two-dimensional, blunt, flat

nose and in the separated and reattaching flow regions ot the separation

bubble behind the leading edge corners in the high enthalpy laminar transonic

and supersonic flow In the shock tube,

The measurements are carried out in 8 shock Mach number ranqge from
2.5 to 10, and a corresponding flow Mach number from approximately 0.4
(the flow being choked) to 2,7, The Reynolds number, which is basad on
half of the nose height, varies from 8 x IO2 to 3.3 x IO4 and the local Reynolds
number on the flat plate section, behind the leading edge corners, based on the

distance from the stagnation point varies from | x l03 to 1.5 x I05.

1/2

The results are correlated in terms of: (Nu/Pr), (q/{;T3 and (Nu/PrRe ' ©)

as functions of Mach and Reynoids numbers and stagnation to wall enthaipy ratios.
The variations of local maximum and average heat transfer rates on the nose

section and in the separation bubble region behind the corner are presented.
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NOMENCLATURE

- |V -

Halt height of leaaing edge

Flow Mach number behind initial shock wave in the
shock tube

Flow Mach number over mode!

Shock Mach number

Local Nusselt numbe- on f!ar plate section, based
on distance from stagnation point

Local Nusselt number or. 1eading edge based on hait
leading edge heiqht

Initial pressure in the shock tube iow pressure section
Prandt! number

Local heat trans¢ar rate

Flat plate heat transfer rate

Two dimensionai stagnation point heat transter- rate
Reynolds number on tiat plate section based on
distance from stagnation point

Reynolds number based on halt leading edqe height
Time

Local length coordinate measured from stagnation point




' INTRODUCTION

As part of the separated flows and near wake studies underway at the
Department of Aeronautical Engineering of the Technion-israel Institute of
Technoiogy, heat transfer rates were measured over the two dimensional blunt
base of a wedge-flat plate in the shock tube (1], The heat transfer rates
variation across the base surface were found to be in the subsonic flow cases
and in some supersonic flow experiments wavy with multiple peaks., Since the
reversed flow in the base region (near the base's center) resembles to some
dogree stagnation point flow it was tried to compare these results with
stagnation point heat transfer data, Two flow geometries were considered for

comparison:

(a) A two dimensional jet impinginqg on a vertical wall which may be
similar to the central part of the recirculating wake Impinging
on the base

(b) a blunt fiat nose exposed to uniform flow,

However vary little experimental information was found about such confiqurations in
the range of parameters experiencec in our shock tube experimerts., Measurements

n{ heut transfer from a free jet to a wall (2] were compared with the data of [I]
and some qua!litative agreement was found., Still it is felt that the base flow
cannot be strictly aralogous to the impinging jet case., Therefore it was decided
to investigate the blunt flat nose configuration, This configurstion was chosen

because technically it was easy to obtain simply by turning the wedge-flat plate
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base heat transfer moge! describea n ('] with the base facing ups*ream, thus
getting a biunt flat two cimensicnal nose as the leading edge of the mcde!

in The two dimensionai fiow of The shock tube

The biunt flat nose heat *ransfer data (s interesting n itselt s'nce
ali hyper velocity vehicies use biunved noses at their leading edges to
reduce the intense heat Transter rates. As the maximum 'oca' heat transfer
rate in most cases wii! stii| cccur at the forwara stagnation point or iTs
vicinity, the heat Transfer rates associated wiTtTh this region are cof con=
siderable practical as we'!! as theorevical :inverest and additioral data is
useful since the case of the fiat two dimensionai blunt nose has not yet

been infensiveiy investigated.

While the blunt nose heat transfer variations are investigated the heat
transfer rates are also measurea on the fiat piate section of the modei in the
separating and reattaching fiow behinad the sharp corners of the leading edge.
This- ‘nformation on the heat fransfer rates in the ieading edge separation
bubblie suppiements previous studies of other separated fiow configurations which

were studied in this laboratory [!] [3] anc [4].

Stilt the main object in the present work s not the biunt nose probiem
as such, but the comparison cf the fiat nose heat trarster rate data with That

of the piunt base



11, EXPERIMENTAL APPAPATUS

A. The Shock Tuhbe ard its instrumentation

The heat transfar rate measurements are performed in the
7%mm x 75 mm shock tube which is the straiqht channel section
(unexpanded flow) ot the Department's laboratory 10" x 12" hyper-

sonic shock tunnel.

The shock tunne! (Fig. 1) consists of a cylindrical compression
chamber |.5 meter lonq, a square low pressure tube of 75mm x 75mm cross
section 7 meters i1onq and a double-exnanded nozzle to a 10" x 12"
hypersonic test saction The present measurements are performed In
tho test section at the end of the last section of the straiqht low

proessure tube

The low pressure section i1s evacuated to |.5mm Hg. ab. using air
as test qas. Hiqgh pressure bottled air or hydrogen are used as driver
gases in the com.ression chamber. A detailed description of the shock

tube and the instrumentation is presented in [5].

The shock wave speed is determined by measuring the time of travel
of the shock wave between two thin platinum film resistance thermometers
mounted a known distance apart flush on the shock tube wall, The thin
fiim qaqges beiny under constant current react to the passage of the shock
wave by a sudder jump in their output voltaqe which is fed through pulse

amplifiers into ¢ 10 Meqgacvcle counter,




-‘-

Heat Transfer Model

The model Is a steel wedge-flat plate with a blunt edge (Fig. 2)
spanning the shock tfube test section. It is the same mode! that was
used for blunt base heat transfer measurements [|] except that in the
present experiments the blunt edge is turned upstream, The center
part of the model |s made of pyrex glass on which a number of thin
platinum ¢iim gages are sputtered. Gages Nos. | to 6 and Nos. |l to
I3 are positioned on the top and bottom flat surfaces behind the leading
edge corners and are used to measure the heat transfer rates in the
leading edge bubble separating and reattaching flows., Four gages, Nos.
7 - 10 are positioned on the flat nose as shown in Fig. 2. The model

chord is 41,09 mm and the leading edge height is 2h = 5,66mm,

The positions of the nose gages centers from the nose center
(stagnation point) and of the flat surface gages centers from the
leading edge corners are given in Table No. |I. Given are also the

non dimensional distances from the stagnation point=x/h,




Position Gage Nosn{ distance from | distance from x/h
i stannation t the corner
| point l
L X mm mm !
| AR T il i
i | i
| ! i
’ -1.62 | - L «0,872 |
8 . -n.08 ' - . 0,028/
Leading L ;
. 9 ; 126 - 0.444
'Edge : ;
i i0 ; 2.37 , - ; 0.836
' 1 1 |
! : |
i | 3 i 11.83 ; 9.00 ; 4,176
E . " ey | 5.84 ; 3,060
| i |
5 6.02 3.19 | 2,125,
Flat 6 : 4.0 § 1.18 ; 1,416,
' | i *
' Surfaces I : 3.65 | 0.82 , 1.289|
12 , 6.19 | 3,36 ; 2.185!
i f
13 . 9.06 6.23 | 3.198

b~ ———

The average width of the gages on the nose is approximately 0.8 mm,

The heat transfer gaqges are thin platinum film resistance thermo-

meters sputtered on pyrex qlass backing material, Every film is
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calibrated and operated as described in [6]. The output of the qages
is fed into an oscilloscope and intfc the anaiog computing network aiso
described in [6] which turns the gage output into a step function
directly proportional to the heat transfer rate. This step function

is fea intfc the same oscilloscope through a ! megacycie chopper thus
dispiaying both signals simuitaneous.y. The osciiloscope trace i1s then
photographed. A typicai exampie of the thin ti!m gage output is shown

in Fig. 3.

Ftow Uniformity

Determination of fiow conditions in the shock tube is inherentiy more
difficuit than in the iow temperature continuous flow, and even if this
is accomplished with acceptable accuracy, there are stii! two conditions
that must be ascertained. The first is Two-dimensionaiity and uniformity
which are verified by the reproducibiiity of the results of consecutive
shock Ttube runs. In the present work the reproducibiiity varies between

t 5% and t 10% indicating uniform two-dimensional flow.

The second condition is that the heat transfer rate in the shock
tube flow must reach steady conditions before the termination of the
uni form hot fiow. In the present work this condition is aiso fuifiiied
a® Indicated in Fig. 4. While the test Times in this shock tube vary
between 380usec at MS = 2 to about 90usec at MS = |0 the time of establ!ich-
ment of steady heat transfer conditicns varies from 250usec at MS = 2.5 1o

40usec and 25usec at MS = |0 in the separated fiow behind the ieading edqge



corner and on the nose near the corners respectively, and also from
T0usec at MS = 2.5 to 25usec at MS = |0 in the vicinity of the nose

center.

11, HEAT TRANSFER RATE MEASUREMENTS

Heat transfer rates are measured on the fl!at blunt leading edge ¢ *he
mode! and in the separated flow and reattachment regions on the flat _urtace
behind the sharp leading edge corners. The test range of flow conditicns
obtained by varying the shock Mach number from 2.5 to 10. This is done, due to fthe
shock tube's structura! !imitations, by changing the iow pressure in the shock tube
between !00 mm Hg. ab. to |.5 mm Hg, ab. hciding the high pressure driving gas 1o
less than 600 psi. This procedure resuits in a simultaneous variation in #'ow Mach
number, Reynol!ds number and stagnation to wal! entha!py ratio ( the free stream
stagnation temperature to wa!! temperature ratio varies in these tests from 5 o
more than 50 when the shock Mach number is increased from 2.5 to !0.}. This
simultaneous variation of the main fiow parameters comp'icates the interpretation
of the data, the understanding of the individual effects and the importance ot the
various parameters. |t is necessary to cross plot the results in order tc cotain
some indications as to the important parameters, while even then some ~esults rema n
anexplained.
The free stream Reynolds number in these tests, Reh, ranges from 8.4 «x 202
to 3.3 x l04, and the iocal Reynolds number on the flat surfaces of the mode! ranges

from | x IO3 to 1.6 x 105. The flow Mach number behind the initial shock wave,
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MZ computed from tho shock strenqth and real qas offects should vary trom |,.00
fo 2,64 but due to flow choking in the test section at M, T2 i or Mo om 5 65,
corresponding to all air driven and a few hydrogen driven runs) the real tlow
Mach number ranges from about 0.4 to 2.64, The lower limit of tnis ranqe is not
accurately known sincao the boundary layer displacement thickness on the shock tube
walls can only be roughiy evaluated. According to one dimens:onal flow theory
and the test section and mode! dimensions choking should occur at M2 < | 33 or
“s < 3,2, but as wit: be shown in the next section, the present resuits clearly

indicate choking up to ™M, = |.68 (MS = 4.12), Only for™M, > 2 lMS > 5 65) complete

2 2
supersonic flow over the model Is observed, This shows that the boundary iayer

on the walls has a stronqg effect on the flow hlocking in the test section.

The heat transfer rates are determined from the output of both the thin film
thermometers and the analog networks., The flow conditions are assumed to be the
free stream conditions behind the initial shock wave. The use of the flow conditions
hehind the detached how shock as reference conditions in the present test conditions
did not result in any siqnificant changes in the results, so that the r-ee stream
conditions were used in all regions of the flow. All the shock tube runs In the
present work, even in the case of choked flow, are however characterized by a wall
temperature that is considerably lower than the flow stagnation temperature and th-

nresent recults correspond to highly cooled wall cases.

A. Heat Transfer Measuremente (ver the Lead|ng Edge Separat.on Rubble

The heat transfer qanes on the flat surfaces are positioned trom about Imm *o 9 mm

behind the leading edqe corners. The local Nusselt number for each of the qages on
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the flat surfaces is calculated from the measured heat transfer rate, the
evaluated free stream conditions and the local length coordinate, x,

measured from the stagnation point. The variation of the local Nusseit number
with the local Reynolds number for these gages is shown in Figs. 5(a) to 5(d)
Indicated in these fiqures for comparison is also the corresponding fiat-plate,
attached, laminar boundary layer heat transfer rate at the same free stream
conditions given by

3 1/2

Nu = 0.33 Pr'/ Re
X X

The variation of the loca! heat transfer ratio q/qf D, on the fiat surfaces
behind the ieading edge sharp corner, where 9 n is the corresponding attached
ptate value, is shown 1n Figs. 8(a) and 8(b) and the maximum and average relative
heat transfer rates are qgiven in Figs. 8(c) and 8(d) as functions of the Reynoids

number and shock Mach Yumber respectively.

Examination of the variation of the Nusseit number with the Reynoids number
on the f'!at surfaces (Figs. 5(a) to 5(d)) in the separated and reattaching flow
regions shows this variation to be linear (on log-log paper) and steeper than
the flat plate attached flow variation, similar to the corresponding figures in
(1], [3] and [4]., Figs., 5(a) to 5(c) display two levels of heat transfer at the
same Reynolds number but at different flow Mach numbers. The lower Mach number
{ine is higher and steeper. This seems to be due to flow choking so that the higher
iine indicates flow that is initially subsonic and separates at near sonic con-

ditions. Comparison with Fig. 5 of Ref. [4] however discovers a contrast which
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may Indicato that separ-ation of a uniform flow from a sharp leading adqr stop

modol and the separation of a8 flow while accelerating around a sharp corner are
inharently difterent, |In the step separation case we find that in the "dead

water" reqic the variation of the Musselt number is steepur than for attached

flow and the flow is senstive to disturbances such as choking, shock wave detach-
ment or local transition effects whereas in the reattachment zone the !ine of

Nux VS, ch paralle’'s that of the attached flow and is insensitive to disturbances or
Mach number variation, The present case of separation behind the sharp corner of
the flat nose has the opposite characteristics. The data from gages Nos. 6 and ||
(Fig. 5d) that are closest to the corner and in fully separated flow falls on one
line that parallels the attached flow line irrespectively of the free stream Mach
number and flow condition (supersonic or choked) which can be explained by the

fact that the flow in the vicinity of the corner is always near sonic. However

the heat transfer rale variation further downstream (Fiq., 5a-c) resembles the "dead

water" data of [4].

In these shock tube runs due to technical limitations of the experimental system
mentioned at the beginning of section |11 all of the free stream conditions are varied
simul taneously and the effect of each main flow parameter cannot be experimentally
investigated.,

in an effort to separate these effects the data is replotted as q/JF:-and
1/2

Nux/Pr Re‘ as functions of the shock Mach number (Figs. 9a and I10a respectively)

In the case of laminar zttached flow these parameters are independent of the
Raeynolds number and should indicate the eftect of the flow Mach number and enthalpy

ratio.




For the hydrogen driven runs ( superson c fiow ; the curv.es .n Fig 9(a)
That correspond to the various qganes have al the same to-n whe e2s when the
tiow is choked no common pattern s ohservea Ouvstanding .5 1he ¢act that
in case of gages || and 6 that are ciosest to The ccrner tThe curves are con-
tinuous but for all other qages there i1s a sharp d.scont.nuiiy between the
parts corresponding to the choked and to the supersonic f-ows  This phonomenon

will be discussed in section |V,

B Flat Nose Heat Transfer Measurements

The Nusse!t number for the gaqges on the tiat nose, .s baseo on the nose
height and free stream conditions. 1Its variation wiTh the keync:as number
(also based on nose height) is shown in Figs 6(a) to 6la; ‘ndicated in these
figures for comparison Is also the corresponding two dimens ona, flat stagnation
point heat transfer. |t is based on the values given by Cohen and Reshotko [7]
and Lees [8] for a two-dimensional cy!indrical stagnation pc.nt mod:fied by a
factor of 0. 665 to the flat nosed stagnation point [8] and (9] This stagnation
point value qs.p. is also used to compute the ratio of loce: ncse to stagnation
point heat transfer rate q/qs b.? the vartation of which 3across the fiat nose
1< shown in Figs. 7(a) and 7(b) Since the nose he:ght is quite sma!i (only
» 66 mm) there are only four heat transfer gages positioned ¢n 1t ancd the width
of the platinum strip (average width is 0.8 mm) 1s not neq.:q.b!e compared to
the nose height Thus the value of the heat transfe- rate as measured by each
qgaqge is not a local value but an average over the sirip wiath By assuming a

symmetrical heat transfer rate distribution and preseating each of the qages




readings also in its "mirror .mzge” position (ithese refiected points a'e marked
by flagged symbois for identification of the actuaily measured values! a
plausible curve couid be drawn Through these readings w Th the curve passing
through the gage strip w.dth in such a manner *hat the area berweern curve o a
strip above the strip shouid equa! that be!ow the sirip in this way *ne
measured value is an area average of the presented curve. This technique was
also used in [1], but on second examination of the results there, 't was ‘o.nd
??a? in some cases; especial!!y when the heat transfer rate d:sTributicn s wavy
and the variation over the gage strip is targe, tota!iy different curves “an ce
drawn without violating the equa! areas rule. |t was, Therefore, ceci ded nor
to piace too much emphasis on the detaiiead ioca! distribufion and tc indicate
in the present paper oniy the average va.ues (Figs. 7a and 7b!} The reiat ve
width of each gage is ind.cated once in these ‘igures and the average va'ues
are connected by straight !ines in order To distinguish between the varicous

shock tube runs.
Figs. 7(c) and 7(d) display the dependence of the ivcal heat trarsfer rate
peaks and the average heat transfer rate on the ncse on the Reyncids &nd Snock

Mach numbers respectiveiy.

u
L
—

As in section lilA the data fcr the fiat nose is aisc rep'ofted a:s

1/2

and Nuh/Pr(Reh) VS, Ms in order tc distinguish between *he etiecis of Tne

Reynoids and Mach numbers (Figs 9b and !0b!

g "
The curves of q/iP, vs M_ in this case (Fig. 9b) are a'! confinuous and
>



of about the same pattern contrary *o the cas2 cf the senaration bubble, Fiqg, 10b
shows Gages Nos & and 9 to be *he cnlv azaes that are nearly independent of the
Mach number, apparent'v because thase gages are very close to the nose center and

the stagnation point flow is independent of the free flow Mach number,

The gages nearer the corner, however, show a combined effect of Reynolds and
Mach numbers, similar *o the case of the gages in the reattachment region on the
flat surfaces behind the corners. These Reynolds and Mach numbers effects can-
not be separated. In these regions the flow must be further investigated with-
out the limitations on the variation of the flow conditions imposed by the present
shock tube so that the individual effect and importance of the various flow npara-

meters mav be furthaer determined,

'V.DISCUSSION OF RESULTS.

I, Comparison Between Heat Transfar Distributions Over a Flat Nose ard a Flat Base

An intaresting comparison is obtained between the rel!ative heat transfer q/a_ 5
= ’

variation across the blunt base T 1] and the present blunt nose (Figs, 7a-7b), O

the blunt base two heat *ransfer variations were encountered. |In the low M_ runs,

<>

when the flow is choked and the fiow over the base is subsonic, the variation is
very wavy with sharp slopes, with two peaks nearer the corner. These peaks are

sometimes higher and in some cases are fcund to be lower than the center near

stagnation point peak, In the high M runs, supersonic flow over the base, in

S

addition to the wavy variation we find also a monotonic distribution with only

one peak in the center at the rear stagnation region, These two types occur at



nearly the same free stream cond:ticns which seems to .ndicate scme [n-

stabiiity in the near wake fiow. [T was assumed that This actua + ow
configuration is dependent on the exisTence or non ex.stence or some

disturbances such as transition effects or three dimens ona (Gincux,

vortices in the present fiat nose case, the two d frerent Types Ui

heat transter variation wh ch are cbserved are stapie and repeavab.e r gs . .a! 7.bJ
The subsonic and transonic fiow cases, | e . al. of the a.r driven runs

and some of the fow shock Macn number hyarcgen driven runs have W

o

shapea heat transfer variation a‘ways wi!Th a peak at the center . ‘Grwara
stagnation point} and Two much higher peaks near vhe corners These corner
peaks can dDe expecTed because ov the ¢ ow acce eration around The ccrner
as shown by Lees [8] and Kemp, Rose and Detra [iC] in the present work
thase hear Transtfer rate peaks are h:gher since the corners are sharp

Tne presenT measured variation is a‘so more wavy Tthan the theoret ca
curves in Reis [8] and [ 0] but a simiiar behaviour can al!so be ‘ound

in the experimental resuits of Ref [9] and [i0]. The vaiue ct The corner

peak (q/qs 5 = !1.65) is aimost consTant in ai! subsonic ~uns as the flow There
is near sonic in al! these fests (aiso Figs. 7¢, d) interes®.nq to note '3
that at gage No. @ the heat transfer rate is rather constant (q/g e 0.55)

even though the free stream conditions change and the heat transrter indicated
by 1he cthe: gages varies consicerabl!y. The heat transfer rz7e 27 “he forward
stagnation point is somewhat lower than the vaiues pred.cred by Cchen zand
Reshotko [7]. As the flow Mach number is increased from :ubscnic ficw.

(cases | t¢ 5 in Fig 7a) Tc transonic flow (cases 6 and 7 ¢ F ¢
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8 and 9 of the hydrogen driven runs) the heat transfer rate
distribution has a monotonically changing W shape, then finally
the supersonic pattern is observed (cases 10 to I3 of Figq. 7b),
Here again a constant value of q/qs.p. = |, is measured at qaae
No. 9. This value is almost twice the subsonic flow value.
Stagnation point heat transfer rates are again somewhat lowaer than
the calcuiated values., The corner peak heat transfer rates nrow
as the tlow Mach number is increased and the Reynolds number is
reduced (Fig., 7c, d)., It must be stated that although the two
different types of heat transfer distribution are encountered in the
present flat nose case for the subsanic and supersonic flow
respectively, this case is inherently different trom the hlunt base
heat transfer phenomena as observed in [ |]. The heat transter
distributions on the fiat blunt nose are stable and repeatable and chanqe
gradually from one into the other but in the case of the hlunt hac<e
the distributions are not stable. Similar instability, but of a
smaller magnitude, was also observed by Holden [9] on a blunt 10se
when he Induced flow separation on a flat ended cylindaer with a spike
(Tigq. 14 of [9]). He found that this also caused the tota! heat
transter to decrease to approximately one halt nt the unspiked vaiue,
This ditference between spiked and unspiked (separated and attached)
flow stability and total heat transfer rates resemhles the differances
between the separated unstahie heat transfer rate dis’ribution on the
blunt base and the attached stable distribution on the flat blunt

nosed model .




Heat Transter Distribut.on About the Leading Edge Separat.on

f\ U

—— -

Due to the sharp corner at the biunt tlar nose edqe. ‘"t
tlow detaches there and a leading edge separat:on bubb'e s
established just downstream of the corner '1 has been nu (ated
in Section 1iIA that this kind of separation .5 d.tfe-ent t-om "he
sharp leading edqengep mode' separation {4]  Separar . on u.ced n,
the various types ot sieps a’e Chajacier wod Ly o cond v Tyt e
whereas no such t.0w @xi516 i The CASEe U 1 0 1y Cone o e
corner separations This ditterence rn the 'ypes Gt t'Gw sepa ! o

1s discussed and exp'a'ned by Tan. iuch. and Komoda [’ ]

In the case of a teading edge separat:on the development ¢t the

fiow may follow two possibitities

a) The flow may remain separated without reattach ng EES
1s observed 1n the case of 1ow Reynoids numbe, iam.na

separation

b) A separation bubble 1s established /mmed.ateiy bet.ind the
corner and the ftow then reattaches (o' ifer Soae 2
Tani [[.2] summarizes a number of results tor subson:ic iead: .
adge separation hubbles  He shows that reattachment occors
ahon thiee Reynotds rumher, based on the boundary taye  d.s

;-~«vm@nt thickness at the separation point, 15 greater 1her




500 ir this case transition occurs in the flow over the

pubb.e and 't -eartaches turbu'ent!y.

noThe prasent work the hea* transter ais*ribut.on over the . iat -u 1 v
;257 heycra the .ead.ng eaqe correr 1s shown in S.gs Bta, end ot ror “ie
Sud3Ii S Ara 3.Dersor ' Cases respective'y The very 'Cw va. ues I nia
ToAns et g 5 = 07 just beyond *he cocner indicate That the ' -w .
separrtec there .n a'! ‘he runs. Further downst-eam the heat t.ersre” z-e
nereAses arg The maximom measured values of q/q"p‘ vary bertweer. 0 20 .

-

1 Gt subsoniz ticw Case 3nd 0.27 to 0 75 for supersonic fiow whe & te

r.ghe- vaiuee arce obteined a* higher Reyn~!; wu-ie « 'Fig 8(c) L
no* o2 ficmiy conciudad f-om these 2is.. L. 7 1! the flow 15 §u:
ceaTrionea w;vih.n the gajged section of the & o, vWnat.on o1t F g 5=
may nd._.ate some cases where no reattact .. ozcure where ine :ea "aih-

ment .s rot compiete The heat transter variation of gages Nos 6 end

are cenTincus These gages are nearest To The correr and are aiways w Tn

in The separated flow reqgion  On qages further away, there i1s a brear -
the heat transfer rate curve when the flow changes trom subscn.c to sun=
5008 This jump may indicate that in the ri.gh Reyno'ds number nea: soi. -
sererar. L (iow MS date «n fiq. 9a: the fiow reattaches very ciuse ro ihe
corne~ and *ne “short bubble” separation patterr [17] is estabiisnhea Wwr.ie

I TN@ Supersonic iow Reyrnolds number case (high MS data rig 9a: reav s h-

ment erther Joes NOT oCCur OF S more gradua' as tor the "long tubbie’ ranse
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The flow over the flat blunt nose is always subsonic in the [revont

tasts due to the normal shock ahnad of the body, the flow downstroam

of the cornor accelerates very rapidly to supersonic velacity n the
hinh Mach number tasts or 1o high subsonic and transonic velocities

for the choked flow tests Alge the extent of the separaticn bubble

Is quite atrected by the highly cocled walls experienced 1n Tne presen?
tests. So that the compar.son ¢t tne results from these tests with
those of the low speed adrabatic resu'ts of References {!1] anc [12]

can be only qLal.tative
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Fig. 2. = Blunt Flat Nosed Heat Transfar Model




3a) qane No, 9
parahola - 5N mV/div, step - 500 mV/div,

3b) 9aqe ho, 7 3¢) qage No, 5
PArAinia = BN my/diy. parabola « 10 mV/div, step - 1IN mY/div
qaqe ‘'o, 10 nane Mo, 6
parabola - 5 mV/div., step - 20 m¥Y/div,
Fiq., 3. = teat Trangfer Tagens Outnuyt
[l ' IR ; )
4 = 0,814 to= 2.0 RPa/cm = 9,46xI0 Sweep = 20 psec/div
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