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SUMMARY
Measurements of the effect of bleed on the base pressure acting on a Iwo-dimensional

blunt trailing edge aerofoil are reported and schlieren photographs of the base fib u’ are pre-
sented. The tests covered a Mach number range of 0 5  to / 35 at a base height Reynolds
number of appro.rimale/y ~ x i0~ with turbulent approach boundary layers.

The results indicate that small bleed quantities can produce considerably greater base
drag reductions at transonic speeds than at subsonic or supersonic speeds. A bleed mass
flow coefficient of 0~07 produces a lower base drag than the bes t practical non-bleed blunt
(rai ling edge geome fry through the entire lest Mach number range.
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NOTATION

Cpb Base pressure coefficient = (P ~~P 9) / (yP~M~2/ 2)

Bleed mass flow coefficient = Q/ Uopoh
h Model base height (I5~2 mm)

M 0 Free stream Mach number

P 0 Free stream static pressure.

P b Static pressure in plane of base.

Q Bleed mass flow per unit span.

R~ Reynolds number based on h.

U0 Free stream velocity.

y Ratio of specific heats (I  ~4).

po Free stream density.

19 Boundary layer momentum thickness.
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I. INTRODUCTION

It  has been pointed out by sar ious author s ’~~-3 that aerofoils with b lunt  trai l ing edges have
many potential advantages in the tr an sonic speed range. A number of the recentl y designed
“supercritica l” aerofoi l sect ion s 1’~ incorporate a small amount of t ra i l in g edge bluntnes s . At
the present t ime the more cxtef ls iSC use of blunt  t r a i l ing  ed ges is pr eventei by the occurrence
of a si gni ficant “base drag ” penalty when the base hei ght to chord ratio exceeds about I ~~~~

Any method of reducing two dimensiona l  subson ic and transon ic base drag will permit the use
of thicker blunt t ra i l ing  edges ssit h their at tendant  aerod~ namic idvantages ’~~’~.

Many geometric modificat ions to blunt t r a i l ing edges aimed at reducing base drag ha se
been investi gated. Overa l l  the most promising desi gn s appear to he the serrated oi segmented
trailing edges developed independently by Tanner 8 and the present author 7 . These base geo-
metries give a drag reduction of about 60 ,, over a simple blunt  base. Greater drag reductio ns
have been obtained 0 using thick sp lit ter p l ates or wedges attached to the base, hut  these arrange-
ments are not attractive f~ r (r an sonic aerof o ils since they would ex hib i t  man~ of the problems
associated with  conventional sharp tra i l ing edges.

An alternative approach to the reduction of two dimension a l  base drag is the use of base
bleed. Tests at lo~\ 9 . b 0  and supersonic 1’ 14 speeds have shown that  bleeding low velocit y air J .
into the base reg ion produces a marked reduction in drag. On the ba sis of these results it appears
highl y  probable tha t  t ransonic  base dra i! would also he reduced by the use of bleed. t J n f or t un a te l \
to the best of the author ’s kn o~x ledge there are no published measurements of the effect of
transonic base bleed , presumabl y due to the exper imenta l  diffic ulties in sol sed.

In this  note measurements of the effect of base bleed on base pressure in the Mach number
range 0 5 0  ~ , %l~ ~ I 35 are presented . The pr im ar ~ aim of these tests was to determ ine
whether base bleed could he used to produce a ~ossei base drag than  tha t  obtained from the
cur te nt l~ available modif i ed t r a i l i ng  ed ge geom etl ie s .  The experimental  work described here
was carried out in the t ranson ic wind tunne l  dur ing  June  1978 .

2. NOTES ON TEST METHODS

When testing two dimen sional b lunt  base acrofoil models in w ind  tunne l s  there is a strong
tendency for the tunnel sidewall houn dar~ lay ers to flow into the low pressure base reg ion
destroy ing the two dimensiona li ty  of the base flow . L.ow speed test s~ suggest tha t  a model aspect
ratio (span chord) exceeding 4 (fo r a model s~ th a base height  chord rat io of 0 17) is required
if the tunnel  centreline ba se pressure is to be reasonably close to its two-dimensional  s a I t ~e ,
Similar Three dimensiona l flow prob lems are know n to occur at supersonic speeds °L

If a model of an acceptahl~ large aspect ratio is used, considerable di f f icul t y  is experienced
in duct ing  the necessary hlecd air  m b  t h e  model and d i s t r i b u t ing  it evenl~ over the span. This
problem , which is si gni f i cant  at low speed 1 ~ becomes pro h ih it i se l~ difficult  at t ransonic and
supersonic speeds. For supersonic base flows which  are steady and s~mmetric al it is possible
to use a blackward facing step in the tunnel  w all  ra ther  than an aerofoil model. The bleed air
ducts ate then no longer subject to ar h it r ar ~ si/c rest r ict ions . The supersonic tests repoited in
References 12 . 13 and 14 used rear ward facing step s wh ile the comp lete aerofoil tests in Refe r-
ence I I  ~sere carrie d out wi th  the excessi su l y low aspect rat i os of I 0 and 0 7 .  At compress ible
subsonic and tran sonic speeds . as at low speed. the base flow is unstead y and a comp lete aerofoil
model must  he used.

For the tests reported here the novel arrangement of using a hollow model w i th  an inlet
sli t  along the leading edge to provide the bleed flow was adopted. This techni que makes it
r e la t i se lv  simp le to oht a tn  a uni form spanwise  d i s t r ibut ion of bleed flow. The (li sadv an tage of
th is  method is that the flow around the model wi l l  he altered as the bleed mass flow is sa r t cd ,
The effect of the inlet flow can s imp ly he considered as result ing in an effecti se model thickn e ss
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equal to (I  (‘ q ) t imes the p li ~ sical  model thicknes s . Fortunately comparisons between ear lier
blunt trail ing edge acr oh i , l  t ests at subsonic , t rans onic  and supersonic speeds i7 . i8 suggest that
the base pressure is p r i m a r i l~ dependent on free stream Mach number  and relatively insensitive
to model geometry.

Both suh~oniC and super sonic ’ 1 t est s base shown  that  for best results the bleed air must
be introduced in to  the base region at ~is low a selo c , t ~ as pos sible. For this reason the model

- — 
desi gned for the present t e s ts  had an open base ~‘. i t h  the bleed being spread over s i r tua l l y the
entire t ra i l ing  edge th ickn e ss .

3. EX PE RI \ I I : ~~T.U. DF TAI I. s

3.1 Model

The model (F ig .  I )  ss as of ho l lo w cons t ruc t ion  w i t h  the upper and lo w er  portions separated
h~ four slender st re amlined spacer s cqu al l ~ distr ibuted across the span. A series of inlet choke
plates which produced t w o  d in ien si on al  slit in takes  of sa r iou s  w i d t h s  w-ere used to regulate the
mass flow- throug h the model. T h e  I - 6  mm diameter  ss ire located just  downstream from the
choke plate (I  ig. I )  was used to  pre sent  the bleed flow from forming a wal l jet attached to ofle
side of the duct  throu gh tl i ~ model. I he bleed mass flow - was measured w i t h  a six tube p i tot
rake and duct wal l  s ta t ic  t app ing  l i i ~ :it cd near the model m id span.  The effective base pressure
was measured using a I (~ mm di ameter  s t a t i c  probe supported from down stream. The static
probe , which  ss as located on the t unne l  ccnt re hne.  protruded into  the model cas it ~ wi th  i ts
pressure ori f ices in the plane of the base. 1 o n t in i n l i s e  the upstream influence of the static probe
mount ing ,  wh ich  u n l i k e  the probe i t se l f  would  he subject to  the full  free stream flow velocity.
a 10 included ang le conical support  s t a r t ing  (~ mm aft  of the  orifices was  used.

The forward 31 ‘
~ 

of t he model ssas of appro x im ate l y semi-elli ptic form and the remainder
of the chord wa s  parallel sided. The model t h i c k n e s s  chord r a t i o  w-as 1 2 - 5  “

~ 
and the bleed

aperture hei ght  base hei g ht ra t io  wa s  93” ,, . The model comp lete R spanned the w i d t h  of the tunne l
and was  supported h~ in tegra l  end tongues w h i c h  passed t h r o u g h  s lots  in optica l glass windows
irs the tunne l  s i d e wa l l s , I3oundar ~ la ) er t r ips  cons i s t ing  of spanwise  hands  of 0 I S mm carho —
rundum particle s a t t a c h e d  w i t h  a t h i n  ( ( ( - 0 3  m m )  l a s e r  of lacquer were used on both surfaces
of the model . The hands were located (13 n’in~ aft of the leading edge and were 2 mm wide, wi th

par t tc l e  co serage of ap p r o x i m : i t c l ~ 2( 

3.2 ~ m d  Tunnel

The t es ts  w ere carried out  in the A R I  t r anson ic  w nd t u n n e l  ( F i g .  2 )  w h i c h  ha s a test section
813 mm h i g h  and ~3 3 mm w ide .  Solid s ide w:i l l s  and l o n g t t u d i n a l l 3 slotted top and bottom wal ls
w i th  an open .ire i r , i t i o  ot I 6 - ‘

~~ 
at the  model locat ion were f i t t ed .  \ l ac h  number  and d~ namic

pressure we re der i sed t r o i i i  m ea su r e m e n t s  o) the press ure in the p lenum chamber and in the
con t r ac t i o n e n t r ~ ass u m i n g  these t o  he the  s t , i  t i c  and t o t , i l  pre ss ures ~f t he test section flow
r espccti vel~

I h~ model hlo~ k . ig e ra t i t  ( mode l f ront a l  ,ir c. , te s t  sect io n  area ) w a s  1 9 “a. Due to the
di f f icu l ty  in p red ic t in g  t u n n e l  w i l l  in ter f erenc e h~r models of th i s  t~ pe no corrections were
applied to the e sp e r i m e n t . i l  d a t a ,  t h e  resu l t s  t Reference 19 sucgc s t  t ha t  the blocka ge correction 1

to \1 ,ic h number  shou ld  he less th , i  i i  _\ il I ) I l l  , , t  tf ~ 0- 80.

3.3 1 est Program

t he  model w a s  ie~ t cd .ii  icro in c idence  and \ l , ich numbers of 0 5 0 . 0 60. 0 7 0 . 0 8 0 .
0 - 8~ . I) S7~ . 1) ‘~i (I - 

~~~~~~ I )  ~)S~ 0’ 07 S , I (~~ ) . I 05 . I I l l . I - 21) . J 30 and I 35 The tunnel
ope ra t ing  pre ssure ss .i~ s ir ied du r ing  the t e s t s  to ~ich ie s  e a reasonable compromise between
hold ing  the Re~ nold s number  c, ’n s t , i n t  and i i t i l i i i n g  the  m a x i m u m  Reyno lds number available
it each \t ach number .  ‘1 1w s a r i . i t i o n of t i s t  Re~no lds number  w -ith Mach number is shown in
I gure 3. At ‘xl .i~ I i  ii umbe r s where  the t sin nd pressure w a s  altered ( . %l~ = 0 5 0 , 0 7 0 . 090
and I I D )  test point s  we r e  t a k e n  at  the h ighe r  a~ d lower Rey nolds  number  values.

I est s were ~, i r r i cd  out w i t h  the inlet  sealed and w i t h  in le t  s l i t  w i d t h s  (Fig.  I )  of 0 3 8 . 0 56.



0 6 4 . 0 7 6 , 0 9 4 , 1 0 2 , 1 1 4 , 1 5 2 , 1 9 1 , 2 2 9  and 2 6 7 mm. These values were selected as
the test program proceeded to gi se a rea sonabl y even spread of bleed coefficients up to a
maximum of 0 15,

Surface oil flow and schl ieren observations indicated that  the boundary layers approaching
the trai l ing edge were turbulent  under all test conditions. A pitot traverse of the boundary layer
at the base was carried out at M0 0 5 0 . C~ = 0 025. The resulting velocity distribution showed
a typ ical turbulent  profile (Fi g. 4) with a thickness of 2 10 mm and a momentum thickness of
11 = 0 2 17 mm. Schlieren observations indicated that the boundary layer thickness was not
si gnificantl y affected by Mach number or bleed mass flow.

3.4 Data Reduction

A preliminary cal ibrat ion of the static probe used to measure base pressure showed it to be
free from measurable error (error . 0 I ~ of reading) under the conditions it would experience
in the base flow. The static probe pressure was therefore used directly as the model base pressure
P h in the calculation of base pressure coefficient.

The bleed mass flow was calculated as follows : The local Mach number  at each of the six
pitot tubes (Fi g. 1) was calculated using the static pressure from the duct wall tapping and the
relevant pitot pressure. The local Sonic velocity and density, and hence the local mass flux at
each pitot location was calculated assuming the total temperature of the bleed flow to be equal
to the free stream stagnation value. Using a least squares quadratic best fit to the six local mass
flux values a total  integrated mass flow was i alculated.

4. RESULTS AND DISCUSSION

4.1 Base Pressure Measurements

A comp lete l is t ing of the experimental results is presented in Table I .  In Fi gures 5 to 8
base pressure coefficient is plotted against bleed mass flow coefficient for the various test Mach
numbers. At Mach numbers where the tunnel  pressure was varied ( M 0  = 0 5 0 . 0 7 0 . 0 9 0
and I 10) both high and low Reynolds number data are plotted. From Figures 5, 6 and 8 it
can be seen that  Reynolds number  variations over the range covered b y these tests had no signifi-
cant effect on the results. The scatter evident in the plotted points is believed to be pri m ari I~
due to small spanw-ise var ia t ions  in the inlet  slit causing some spanssise non un i fo rmi ty  in the
bleed mass flow.

For Mach numbe i s  up to 0 875 the curves of base pressure against bleed quant i ty  show
a pronounced knee where the base pressure rises rap idly for small increases in bleed (Figs S and 6).
For Mach numbers in the range 0 9 0  to I •0O the base pressure shows a smooth increase with
increasing bleed ( Figs 6 and 7). The sensi t ivi ty of the base pressure to small bleed quantities
is considera hl ~ hi gher than th a t  observed at lower speeds. For Mach numbers above 1 00 the
base pressure shows an increase for low bleed quant i t ies  and a decrease for hi gh bleed quantities
(Figs 7 and 8) . In some cases this high bleed-base pressure decrease was associated with the bleed
air forming a wall jet and entering the base region in an unsymmetrical  manner (Fi g. 9). Some
earlier supersonic bleed tests i i . t !  suggest that the decrease in base pressure for large bleed quanti-
ties is a genuine effect of bleed. However due to the observed flow asymmetry in the present
tests it is suggested that  the large bleed supersonic results ~ie treated with caution.

In Fi gure 10 the smoothed curves of Fi gures 5 to 8 are cross plotted to give curves of base
pressure coefficient against Mach number for constant bleed mass flow coefficients. From this
figure it can he seen that  small bleed quant i t ies  produce particular ly large drag reductions at
Mach numbers  near 0 90.

4.2 Schlieren Observations

A series of sch lieren photograp hs of the base flow are reproduced in Figures I I  to 15.
A vertical kn i fe  edge was used to show strcam w ise density gradients (dark for expansion , li ght
for compression ) . When interpreting the schliere n photograp hs it should be noted that experience
has show n tha t  a l umpy  appearance of the wake and the presence of wavelets moving upstream

3
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oxer the model are strong ind ica to r s  of xo rtc .x shedding.  Due to the lack of span wi sc correl a t ion
vortex streets are rar eR clear l~ ‘ab le in high aspect r a t i o  t exts .

At a Mach number  of ( 1 7  F’g. I I )  the (‘
~ 0 photograph shows clear esidenc e of the

formation of a vortex street close to the base. I - or (~ = 0 tt5 a small  dow-n ’ ‘ream disp lacement
of the x or tex  formation point  can he seen As the bleed mass flow ’ is incr eascu th rough  the knee
of the ~~~ is Cq cu rve (Centred at ( q = 0 0 6  for %i~ 0 7 )  the sorte x format io n point  is
displaced rap idI~ downstream and the x or t e \  s t rength  appears to he reduced . The flow dex e lop-
ment i l lustrated in Fi gure I I  is t~ p ical of a l l  test Mach numbers up to 0 9 0  wh ere the surface
shock w a x e s  reach the t ra i l ing ed ge. ihe  downstream movement of the x o r t e x  formation point
w i th  increasing bleed quan t i ty  noted ahoxe has also been observed in low speed tc st s S . iO .

At a Mach number  of 0 9  (F ig .  12) the model surface shock wa x es  have mox ed downst ream
into the near wake w - here they appear to he in teract ing w i t h  the x o r t e x  formation reg ion for

= 0. The apparent double shock waves e s iden t  in this  fi gure are due to spanwise cu r sa t u r e
of the shocks . For small  bleed quan t i t i e s  (C q = 0 0 18 in Fig. 12) the shock w a x e s  are displaced
slightl y upstream and the sor te x formation reg ion slig ht ly  downstream so the tw-o no longer
interact. There is s t i l l  clear evidence of strong s-ortex shedding. As the bleed mass flow - is fur ther
increased (C q = 0 048 and 0 0 7  in Fi g. 12 ) the shock waxes  move back onto the surface of
the model and the vortex formation point  moses downst ream.  The vortex strength also appears
to be reduced.

At a Mach number  of 0 925 ~Fi g. 13) a supersonic expansion at the t r a i l ing  edge and
normal shock waves interacting w i th  ti ’e sorte x formation region of the near wake  are ex id en t
for Cq = 0. For Cq = 0 0 18  the supersonic expansion is weakened and the normal shock w axe s
and vortex formation reg ion both disp laced downstream. At hi gher bleed flows (C ~ = 0 045
and 0 066 in Fig. 13)a comp lex floss pattern dex elops. Weak obli que compression wax e s  spring ing
from the t r a i l ing  ed ge eff ecti se lv form the forward parts of ,k feet on the main shoc k sxaxe s ,
The rear parts of the shocks reflect from the wake shear layers as expansions . Fur ther  down-
stream there is ex id ence of x or t ex  format ion  and the w-ave tets formed in this  reg ion mo~e
upstream un t i l  they pile up against the supersonic reg ion behind the reflect ed expansion.

The base flow- for Mach numbers  of0 950 ( Fi g. 14) and 0 975 are s imi la r  to the t in = 0 925
flow described above except that  the expansion at the base becomes stronger and the t e rmina l
shock wa x es  are more nearl y normal  to the xs ake at hi gher bleed mass flows. Stron g vortex
shedding is s t i l l  evident at these Mach numbers  for small bleed quant i t ies .

At a Macli  number  near I 13~ the base flow - changes its character si gni f i cant l~ a nd remai n s
hasica ll~ unaltered for all hi g her test Mach numbers.  This supersonic base flow is i l l u s t r a t ed
w i t h  the ti , = I 30 photographs reproduced in Figure I S . For zero bleed there is a st r o t i g
supersonic expansion at the t ra i l ing  ed ge and the wake converges to a neck where the free shear
layers merge wi thou t  th e  format ion  of a strong sortex street. A pair  of obli que shock waxes
spring from the neck of the xx -ake. As the bleed floss is increased the base expansion is weakened.
the ang le of consergence of the w a k e  is reduced and the shock waves are weakened. For a bleed
mass flow of C~ = 0~0S the shock wax es  appear to have vanished entirely.  The supcn~onie
base flow de se lopment described here is x crv  s i m i l a r t o  that  observed in other supersonic test s ’

4.3 Comparison with other Results

In Figure 16 the t i ,  = 0 5  curve of base pressure coefficient against  bleed mass flow- coefli-
dent from the current tests is compared with the loss speed resu lts of References 9 and 10. 1 rom
this fi gure it can he seen that  the  general form of the three results is s imi la r  a l though  the
numerical salues diffe r si gni 1ic ant l~ . These differences can be explained by considering the
detai ls  of the exper imenta l  a r rangements  used. The model used in Reference 10 eni pIo~ed a
porous 1-ane xx hich behaved essenti a lly as a solid base for Cq = 0 whereas the model used here
had an open base. Pre x ious w ork t 8  h as show- n tha t  base geometries emp loy ing open c as i t i e s
have less drag Otan solid bases . As would be expected from the above consideration s the pre sent
r suhs show a hi gher salue of base pressure than the results of Reference 10 for all bleed quanti-
ties. The tests reported in Reference 9 x’.e re ..arried out on a model wi th  an aspect ratio of 0 7 ,
At th i s  low aspect ra t io  the t unne l  sidewall  boundary  layers would he expected to produce
a s ign i f ican t  three d imens ional  bleed flow- into the base region. This effect would he part icu lar ls
s ign i t i c an t  for smal l  salue s  of (~ when  the  base pressure xx-as low. The comparison in F igure  16

4
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clearly shows the effect of the low aspect ratio on the results of Reference 9. For l~~w x alu e s
Of Cq the base pressure coefficient from Reference 9 is well below that  of Reference 10 and the
present tests. At high bleed rates this  difference in base pressure coefficient is reduced.

In Fi gure 17 the M0 = U l O ,  12 0  and 1 3 5  results from the current tests are compared
with the results of References 13 and 14 (at M0 = 2 025 and 2 2 1  respecti x-cl y). ‘t h e  tests
reported in References I I  and 12 emp loyed bleed injection throug h narrow slots and the res u lts
are not reproduced here since the base geometries were considered to be suff ic ien i l s  different
to render comparisons sa lue less. The bleed flow coefficient used originall y in Reference 13 was
defined as: “(‘q = Q p,a, S oi~ Q représente Ic debit masse du flux secondaire , S Ia surface
du culot . p~ ci ai Ia masse spécitI que et Ia vitesse du son relatives aux conditions génératrices
de l’écoulement extérieur ” . In calculat ing the equivalent bleed flow’ coefficient as defined in
the present note ~~i and al were taken  as stagnation values isentropicall s related to the free
stream conditions. In References 6 and 14 pj and aj appear to have been interpreted as free
stream values. The base pressure data in Reference 14 were presented in the form of perce n tag e
changes in the zero bleed base pressure. To convert the data in to  a form sui tabl e  for comparison
a zero bleed base pressure was derived from References 12 and 13. From Figure 17 it can be
seen that  the present low supersonic results appear to be consistent wi th  other supersonic data.

In Fi gure 18 the present base bleed results are compared w i t h  the best serrated base con-
fi gurat ion from Reference 7. From this  Fi gure it can be seen that the use of a bleed mass flow
coefficient of approxim a te ly  0 0 7  produces a higher base pressure coefficient (lower base dr ag )
than the best serrated base confi gurat ion oser the entire test M a h  number range. The practica l i t s
of providing a bleed flow of this  magni tude  on an aircraft would have to be determined for
each particular design.

On the basis of the work presented in Reference 7 it appears hi g hl y probable that  the total
bleed quant i ty  required to achi es e a gis -en drag reduction could be greatl y reduced hs using
discrete spanwise cells of bleed w i t h  solid downstream protrusions between them.

5. (O~~( LUSION

Measurements of the effect of base bleed on base pressure coefficient ha x e been carried
out on a two dimensional  model in the A R L  transonic wind  tunnel . The test Mach number
range was 0 5  ~ tin ~ I ‘35 . the Re~noIds number (based on t ra i l ing  ed ge thickness ,  was
approximately 9 x lO ~ and the surface boundary lay ers were tu rbu len t  w i t h  a ratio of (base
hei ght, separation point  boundary layer momentum thickness) equal to 70. Irs addit ion to pressure
measurements a series of schlieren photographs were taken to il lustrate the base floss develop-
ment throug h the transonic speed range.

A novel experimental  arrangement wi th  the bleed flow deri sed from an inlet  slit in the
model leading ed ge was used. The subsonic and supersonic data obtained were consistent w i t h
other published results. The tr ansonic data , which appears to be un i que . can therefore be view -ed
with some confidence.

The results indicate tha t  a bleed mass flow coefficient of about 0 0 7  produces a low-er
base drag than the best practical non bleed base geonietis . The app licat ion of base bleed to
blunt  t ra i l ing  edge wings  ir i solves considerations of wing s t ructura l  design to accommodate
the bleed ducts and the effective drag penalty of the bleed momentum.

it appears probable that  the required bleed quantities could be reduced by the use of
discrete spanwise cells of bleed w i th  sui table base contouring between the bleed cells.

5
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TABLE I
Experimental Results

Rr 
-- - 

Cq

0 5 0  100  x I0~ 0 0.473
0 024 —0 408
0 035 —0 409
0 036 -- 0 396
0 062 -~0 338
0 064 — 0 3 48
0 069 —0 283
0~073 —0 228
0 097 —0 144
0 136 — 0 1 1 1
0 1 46 —0 121

050 80 x 10~ 0 —0 468
0~025 —0 410
0 029 —0 413
0 035 Ø 395
0037 0•395
0 06! — 0338
0 062 —0 356
0 068 —0 289
0 076 —0 228
Q~f~98 —0 140
0 1 35 0 1l0
0 147 —0 118

060  9 0 x l0~ 0 —0 480
0 020 —0 429
0 028 0•434
0034 —0 424
0 06! —0 372
0~062 —0 352
0 063 —0 272
0070 —0 220
0093 —0 148
0 130 —0 125
0~ l35

0 7 0  9 8 x 10~ 0 —0 521
0 026 —0 466
0 033 — 0467
0 04 1 — 0 450
0058 —0 380
0 059 0 337
0 063 — 0 ’268
0 068 —0 21 5
0~089 —0 170
0 11 7 —0 153
0 126 — 0 140

0.70 8 9 x l0~ 0 —0 524
0 026 —0 469
0 034 —0 453
0 036 — 0 470
0’057 -— 0 385

L. -. - — -~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~~~



TABLE I (Continued )

M0 Re C,,
- -. 070 89 x l0~ 0 059 ._Ø.344

0 0 63 0 269
0 0 67 0 2 16
0 089 —0 173
0 120 —0 151
0 127 —0 138

0’80 9.5 x I0~ 0 —0.557
0 018 —0 489
0029 —0 .505
0~034 —0~463
0~0S3 —0.370
0 054 —0~ ’l6
0 059 —0264
O•064 —0~225
0 085 —0~ l79
0115 —0 151
0 119 —0 150

O~85 9~7 x l0~ 0 —0.579
0 023 —0 497
0 028 —0 518
0020 —0 467
0’053 —0 345
0 056 —0 305

~)O5 6 —0 260
0 066 —0 230
0~085 —01 82
0 116 —0 150
0 120 —0 144

0~875 9’8 l0~ 0 — 0563
0 023 —0 476
0 024 —0~5l3
0 034 —0~450
0 051 —0 310
0 054 —0~242
0 055 .0267
0 064 —0 215
0 084 —0~177
0114 —0 137
011 6 —0 147

090  9 9  x l0~ 0 —0 530
0 020 —0 408
0 029 — 0 444
0 029 —0 341
0 051 —0 240
0 054 —0 227
0’OSS —0 209
0062 —0 174
0 084 —0 144
0 109 0 l l I
O~1l 3 —- 0 127

0~90 85 x 10~ 0 —0 509

L.. . -.---~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 1 (Continued )

M0 R~ C,, Cp b

090  8~5 x 10~ 0 019
0 025 — 0 4 5 8
0 026 --0 342
0 052 -0~243
0 054 0 224
0 058 —0i98
0 065 —0 173
0 082 —0 144
O~1O8 — 0 119
0 11 4 —0 118

0 925 8 6  x 10~ 0 —0’608
001 6 —0 486
0 024 —0~524
O~027 —0 45!
0 054 —0~332
0~O56 —0~323
0 060 —0 272
0 062 —0~238
0~084 —0~2l7
O~O92 —0 158
Oils —0~157

0.95 87 x I0~ 0 —0 722
0 019 —0 608
0 023 — 0482
0 028 —0~568
0 045 —0 381
0 054 — 0365
0•055 — 0 3 41
O~O6l —0 307
0 062 —0 255
O~O82 —0 272
0 0 82 — 0 242

0 975 8~8 x IO~ 0 —0 834
0 0 1 6 0 590
Ø~Ø~~ — 0649
0~O22 -- 0 557
Ø.Ø44 --0•503
0 054 —0480
0 054 —0 43!
0060 —0 398
0 067 —0 312
0 070 - 0 400
0 086 - 0 354

10 0  8 9  x l0~ 0 —0 831
0 021 — 0 633
0 024 —0 678
0 032 — 0 607
0 047 -- 0 567
O~O52 — 0 541
0.055 --0 532
0 0 64 0 499
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TABLE I (Continued)

M o R e C,, Cr,,

100 8 9  x l0~ O~O76 —0 506
O~079 —0’477
0~083 —0 436

1-05 9’O x 104 0 —O’739
O~023 —0~604
0~O25 —0~565
O~03l —0 538
0~049 —0 .511
0 05l —0’453
0’OSI —0 508
Q~O58 —0 489
0~063 —0’480
0~076 —0 579
0’079 _Ø.54

~
1 1 0  92 x 1O~ 0 —0’659

0~O25 —0 530
O~025 —0-496
0~O32 —0-474
0’049 —0-442
0-051 —0-433
0~O55 —O~389
0-058 —0-414
O~O63 —0~406
0-076 —0-506
0-080 O~479

l’lO 58 < 104 0 —0 661
0~015 —O’542
0-024 —0~502
0~032 —0-483
0~052 —0-437
O~054 —0 438
0-059 —0-425
0-062 --0-384
0-065 0415
0-078 —0 494
0-080 — 0 - 4 0 !

12 0  6~O x l0~ 0 —0~496
0-022 —0’347
0-023 —0-379
0 028 —0’320
0-051 —0-280
0~O54 —0 255
0.055 --0~273
0-059 —0 -215
O’066 —0’256
0 078 —0 331
0 081 —0 292

1-30 6’I x 1O~ 0 —0-432
0 022 —0 330
0025 —0 300
0~033 —O~278

L. - ~~~~~~~~
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TABLE I (Continued)

M0 Re Cq C~b

1’30 6’! x IO~ 0’053 —0-247
0’054 —O’238
0’061 —0’226
O’066 —cF 210
0’067 —O~2I9
0’079 —O’315
0~082 —0’286

1’35 62 x 10~ 0 —0’402
0 026 —0 280

,, 0’028 —0’304
O’037 —0’255
0-054 —0~227
0’056 —0~219
0~061 —0-212
0~065 —O’209
0’067 —0’204
O’080 —0 301
0’083 —0~279
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