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Models of both the  small and la rge  Pioneer Venus probes which a r e  

scheduled t o  be launched during 7-27 August, 1978, were dropped from a 

he l i cop te r  t o  s imulate  t h e  condi t ions  of Mac11 and Reynolds a m b e r s  t o  

be encountered by t he  Pioneer Venus probes upon e n t r y  i n t o  rhe  Venus 

atmosphere. 

The models were dropped a t  an average Mach number of . 1 0  and a t  an 

average Reynolds number of 2.84 x lo6 f o r  t h e  small  probe and 2.90 x lo6 

f o r  the  l a rge  probe. Af te r  t he  l a rge  amplitude launching o s c i l l a t i o n s  

had been damped, the  small  probe o s c i l l a t i o n s  i n  angle of a t t a c k  and i n  

s i d e s l i p  were genera l ly  l e s s  thar. 2 degrees. The l a r g e  probe o s c i l l a -  

t i c n s  were general ly  less than 10 degrees. Both exhibi ted d i s t i n c t  

frequencies.  The motion of t h e  s m a l l  probe i n  a place perpendicular  t o  

the  z a x i s  was random while t h e  l a rge  probe r o t a t e d  (corkscrewed) a t  1 .1  

cycles  per second about t he  z axis .  

The average drag c o e f f i c i e n t s  of t he  probe models were .714 f o r  t i tr  

s m a l l  probe and .663 f o r  t he  l a r g e  probe. 



1. INTRODUCTION 

During 7-24 August, 1978, a multiprobe spacecraft is scheduled to 

be launched on a trajectory from Earth to Venus. The probe bus will 

launch one large probe and three small probes prior to making upper 

atmosphere measurements and burning up. The large probe will make 

detailed measurements of the lower atmosphere. 'fie small probee .will 

provide additional data for the general atmospheric circulation. 

In order to obtain accurate results the aerodynamic characteris- 

tics of the probes must be known. Although wind tunnel tests have 

been conducted to determine the drag and lift coefficients and the 

buffeting characteris~ics,~~~ these data do not reflect the effects of 

the buffeting which occurs in a free flight fall. The very nature of 

the wind tunnel aounting system is such that the natural vibrations of 

the mounting system overpower and mask the aerodynamic buffeting. 

Models of both the small and large probes were constructed in 

order to make free air drops from a helicopter which would simulate 

the conditions of Yach number and Reynolds number to be encountered 

by the probes upon entry into the Venus atmosphere. The drops were 

conducted at the U.S. Army tank gunnery range at Ft. Riley, Kansas. 

The probes were released from an Air National Guard helicopter at an 

indicated altitude of 3,046 M(10,OOO ft.) MSL. The altitude of the 

impact area was 408 M (1340 ft.) XSL. 

Of specific interest during these tests were: 

a. The magnitude and signatures of the aerodynamic buffeting 
under quiescent air conditions at a Reynolds number of 
approximately 3 x lo6 and a Mach number of about .l. 

b. The iicrodynamic and dynamic behavior in free flight. 



c. The drop velocities and vertical flow velocities of the 
atmosphere from on board measurements. 

d. A test of the temperature and pressure sensors. 

e. The determination of the lift and drag coefficients 
from accelerometer records . 

f. A definition of the probe angles of attack and side 
slip from accelerometer records. 

2. PROBE XODELS PROCEDURE 

2.1 Models 

The complete models of the small and large probes are shown in 

Figures 2.1.1 and 2.1.2 at the Flight Research hbcratory prior to de- 

parture for the drop site. Sketches of the models with key dimensiocs 

are given in Figures 2.1.3 and 2.1.4. 

The models were constructed in two sections. The forty-iive 

degree nose cone of the small probe and the portion of the large probe 

forward of the separation ring were molded from 6.35 mm plastic. The 

inside of each was filled with foam with the instrumentation package, 

batteries and balance weights placed in the foam as shown in Figure 

2.1.5. The rear sections were bolted to the forward sections and con- 

tained a lift hook on the centerline of the model. On the small probe 

two f o a ~  filled boxes were attached to the outer portion of the rear 

hemisphere to shlate the probe instrumentation packages. On the 

large probe vanes were attached to the separation ring, and the instru- 

mentation packages just aft of the separation ring were simuleted. 

The complete models were weighed and balanced in the laboratory, 

Table I. The model probes were painted yellow and the x, 7 and z acc- 

elerometer axes were marked on the outside of the models with black tape. 



2.2 Instrumentation 

The probe model instrumentation package, Figures 2.2.1 and 2.2.2, 

consiszed of the following elements: 

1. Three accelerometers for sensing the accelerations along 
the x, y, and z body axes. 

2. One pressure transducer to measure total pressure. 

3. One thermistor to measure ambient temperatures. 

4. A photo cell to record rate of spin. 

5. Signal conditioning and telemetry down link transmitter. 

The recording instrumentetion at the d r o ~  site consisted of an antenna, 

receiver, magnetic tape recorder and a strip chart recorder, Figure 2.2.3. 

The indicated altitude of the helicopter was recorded from the pilot's 

altimeter. The pressure altitude of the helicopter was recorded from 

the co-pilot's altimeter. In addition a third altimeter was carried to 

record pressure altitude. m e  temperature was recorded fros the pilot's 

outside air temperature gage. A motion picture camera was taken aloft in 

the helicopter to photograph the initial phase of the flights. X transit 

was used at the grcund station to position the helicopter over the probe 

model drop point. 

2.3 Drop procedure 

The drops were conducted at the tank gunnery range at Fort Riley, 

Kansas, at ciawn on 15 June, 1977, (sml? probe) and 3 August, 1977, 

(large probe). The probe instrumentation 2nd ground receiving equipment 

was tested and calibrated in the laboratory the morning before the 



drop date .  The model w a s  t ranspor ted  t o  ~ h e  drop s i t e  i n  the  afternoon, 

and the  equipment w a s  set up on s i t e  during the  evening ( a f t e r  the  tank 

range f i r i n g  w a s  completed). The model and recording instrumentat ion 

w a s  again t e s t e d  and the  c a l i b r a t i o n  checked on s i t e .  

The Kansas A i r  National Guard he l i cop te r  from Forbes F ie ld ,  Topeka, 

Kansas, a r r ived  a t  the  drop site j u s t  before dawn. The model a t tached  

t o  t h e  h e l i c o ~ t e r  a t  t h e  s::e, Figure _' .3 .1 .  The probe instrumentaEion 

and r e c x d i n g  equipment were then checked with the  he l i cop te r  i n  hovering 

pos i t ion  and the  model attached. The he l i cop te r  than proceeded t o  clLnL 

t o  an indicated a l t i t u d e  of 3046 ?1 ( 1 0 , 0 0 0  f t . )  XSL. During the  climb 

periodic  record inswere  made of t he  da t ?  from the  probe sensors .  Each 

152 11 ( 5 0 0  i t . )  during the  climb reading: were taken of t he  th ree  a l t i -  

lseters and the  outs ide  temperature gauge i n  t h e  he l icopter .  When an 

a l t i t u d e  of 3346 meters was reached, t h e  he l i cop te r  approached the  drop 

point and dropped the  probe on s i g n a l  from t h e  t r a n s i t  observer.  A 

continuous recording of t he  probe sensors  w a s  made during the  drop. 

S t i o n  p i c tu re s  of t he  drop w e r e  made from t h e  he l i cop te r ,  Figures 2 . 3 . 2  

and 2 . 3 . 3 .  

Following :he drop, photographs were mede of t h e  node1 a t  the  drop 

s i t e ,  Figures 2 . 3 . 5 ,  2 . 3 . 6 ,  and 2 . 3 . 7 .  The instrumentat ion package was 

salvaged and returned t o  t h e  laboratory.  

3 .  RESLZTS 

3 . 1  Small Probe Model 

The small probe d . e l  was continuously observed from t h e  he l i cop te r  

and the  ground d ~ r i n g  i ts f l i g h t .  The model was not observed t o  r o t a t e .  

YoLion p ic tures  from the  he l i cop te r  a ~ d  the oa-board sensor  confirmed 

t h i s  obse~va t ion .  



The small prcbe model was observed t o  p i t c h  very b r i e f l y  s h o r t l y  

a f t e r  re lease .  This  rap id ly  damped o u t ,  and t h e  probe descended i n  a 

very s t a b l e  manner with no motion v i s i b l y  o b s e r ~ e d .  

The i n i t i a l  two seconds of t h e  t ransmissions from the  prcbe a f t e r  

drop were aasked by s t a t i c .  The d a t a  during t h i s  per iod were recon- 

s t r u c t e d  from t h e  .w t lon  p i c t u r e  record. Two o t h e r  times during t h e  

f l i g h t  s t a t i c  e l e c t r i c i t y  apparznt ly  b u i l t  up on t h e  model and masked 

the  signal. Except f o r  these  b r i e f  per iods all s ix  channels functioned 

?roperly . 
The x, y ,  and z body axes accelerometer records and t h e  teri.;;:ature 

and pressure records which were telemetered from t h e  probe t o  t h e  ground 

were d ig i t i zed .  The z wind a x i s  acce l e ra t ions  were obtained from the  

d i g i t i z e d  x, y, and z body axes valves.  The z wind axis acce l e ra t ions  

were then in t eg ra t ed  t o  ob ta in  t h e  v e l o c i t i e s  and a l t i t u d e s  of the  probe 

during i ts f l i g h t .  The base l e v e l  of t h e  z wind a x i s  acce l e ra t ions  was 

corrected t o  make the  f i n a l  i n t e g r a t i o n s  agree with the  drop d is tance  

and the  average f l i g h t  ve loc i ty .  Sigure 3.1.1 is a p l o t  of t h e  instan-  

'aneous v e l o c i t i e s  during the  f l i g h t .  Probe a l t i t u d e  during the  f l i g h t  

is shown i n  Figure 3.1.2. The accuracy of t h e  drop d i s t adce  determined 

from the he l i cop te r  instrumentat ion w a s  2 53 meters. The accuraly of 

the neasured drop t i m e  w a s  2 1 second. The average v e l o c i t y  during the  

f l i g h t  computed from the  drop d i s t ance  and drop time was 34.3 2 1 meters 

per second. 

The v e l o c i t i e s  of t he  probe during f l i g h t  c e r e  a l s o  obtained from 

the r a t e  of change of the  t o t a l  pressure measured during f l i g h t ,  Figure 

3.1.3. Rela t ive lv  wide i n t e r v a l s  of time had t o  be se l ec t ed  t o  determine 

the s lope  of t he  recorded pressure t race .  Because the  r a t e  of pressure  



change was smll, t h e  accuracy of t h e  v e l o c i t i e s  ca l cu l a t ed  from the  

pressure d a t a  is considered t o  be less than those  ca l cu l a t ed  from t h e  

accelerometer da ta .  

The c o e f f i c i e n t s  o t  d rag  (z vind axis), Figure 3.1.4, were ca lcu l -  

a t ed  from t h e  f o l l d n g :  

I .  Fl igh t  v e l o c i t i e s  which were obtained frors t h e  in tegrac ion  of  
t h e  cor rec ted  z wind a x i s  acce l e r a t i ons .  

2. Cross-sect ior  area of  t h e  probe a t  t h e  s epa ra t i on  point.  

3. A i r  d e n s i t i e s  which were ca l cu l a t ed  from t h e  p re s su re  and 
temperature p r o f i l e s  measured by t h e  instrumentat ion i n  t he  
h e l i c o p t e r  during the  c l i n b  from t h e  drop s i te  t o  t h e  drop 
a l t i t u d e .  

4. Drag fo rce  which was assumed t o  be equa l  t o  t h e  weight of 
t h e  probe. 

Zhe average drag c o e f f i c i e n t ,  CD=.714, was ca l cu l a t ed  by an in t e -  

g r a t i on  of t h e  l o c a l  c o e f f i c i e n t s  over  t h e  f l i g h t  d i s tance .  During 

the  f i r s t  t h r e e  seconds a f t e r  t h e  release of  t h e  probe from t h e  h e l i -  

copter ,  t h e  probe was a c c e l e r a t i n g  i n  speed and t h e  ca l cu l a t ed  coe f f i -  

c i e n t s  of d rag  decreased rapidly.  The probe was i n  some downwash during 

t h i s  period and o s c i l l a t i n g  i n  s i d e s l i p , a  . From about t he  four-second 

mark onward :he probe was s t a b l e  and t h e  ca l cu l a t ed  c o e f f i c i e n t s  of  drag 

remained r e l a t i v e l y  constant  u n t i l  t h e  last twenty seconds of f l i g h t .  

There appea lu i to  be no explanat ion f o r  t h i s  increase  i n  t he  drag  c o e f f i -  

c i e n t s  during t h e  l a t e r  per iod unless  t h e r e  was a small updraf t  a t  the  

lower a l t i t u d e s  near  t he  ground. The bas i c  v e l o c i t y  p r o f i l e s ,  Figures 

3.1.1 and 3 . 1 . 3 , e r e v e r y  s i m i l a r  i n  shape and magnitude. The dens i ty  

var ied  smoothly and near ly  l i n e a r l y  with a l t i t u d e .  

The Reynolds numbers var ied  from 2.95 x lo6 t o  2.50 x lo6 during 

the  f l i g h t .  The average Reynolds number was 2.84 x lo6. The cor res -  

ponding average drag coe f f i c i en t  of .?I4 compared with t he  wind tunnel 



drag coefficient of .812 at a ~eynoldi number of 7.02 r lo5, Figure 

3.1.5. All valves were based upon the maximum diameter of the probe and 

corresponding area. The decrease in the drag coefficient of -098 units 

from the wind tunnel value may have been a result of any or all of the 

following: 

1. Small motion of tne probe in free flight. 

2. Modeling differences. 

3. Wiad tunnel corrections. 

4. Reynolds number effect. 

5 .  Experimental error. 

The wind tunnel data indicated that motion of thz probe decreased 

the coefficient. However, the small motion of the probe in flight should 

not have had much effect. The chief difference in modeling occurred by 

the addition of the two box-like instrumentation packages on the free 

flight model. The position of these behind the separation point should 

decrease the drag. 3'4 T h n  vird tunnel corrections were small in themselves, 

and the error in the corrections should not have been significant. The 

effect of Reynolds number is not known, although in the various tunnel 

tests at lower Reynolds numbers the coefficient increased slightly wfth 

increasing Reynolds number.' The accuracy of the wind tunnel data was t 3%. 

The accuracy of the drop data was about t 6%. It would appear that the 

lower coefficient of drag from the drop test was valid and was mst nearly 

representative of the actual small probe entry conditions to Venus. 

The coefficients of lift (wind axes) were obtained as a function 

of time from the wind tunnel liftlside force coefficients using the 

resultant relative wind angle, 3 + ? (total angle between the relative 

wind vector and the t axis of the probe). The lift coefficients are 



shown i n  Figure 3.1.6; the  wind tunnel  l i f t  coe f f i c i en t s ,  i n  Figure 3.1.7. 

The angles  of a t t a c k  (a) about t he  y axis and the  s i d e s l i p  angle (6) 

about t he  x axis were determined from the  x and y body axes accelerometer 

da t a  and the  wind tunnel  d a t a  as i t  var ied  with angle  of  attacklyaw. It 

was assumed t h a t  t he  probe models were syunnetrlcal about t h e  z body axis .  

Since C 
S~ 

x,y 
a = s i n  a*i3 - and 

X,Y Cn 
X s y  f(0,6) 

W 
C~ 

W 

a 
x,y where a were measured by the  probe and a r e  known from the  

x* Y C~ 
w 

wind tunnel  data as a func t ion  of 0 . 3 .  a, 6 were determined by successive 

approximations as funct ions of a - The ca lcu la ted  angles  of a t t a c k  (a) 
x, Y 

and s i d e s l i p  (5) are p lo t t ed  in Figures 3.1.8, 3.1.9, 3.1.10 and 3.1.11. 

The t o t a l  angle  between the  r e l a t i v e  wind vec tor  and t h e  z axis of 

the  probe (a. + z) was ca lcu la ted .  The d i r e c t i o n s  of  the  r e s u l t a n t s  from 

the  x a x i s  a r e  p lo t t ed  i n  Figures  3.1.12 and 3.1.13. The abso lu t e  magnitudes 

of the r e s u l t a n t s  a r e  p lo t t ed  i n  Figures  3.1.14 and 3.1.15. P l o t s  were 

made of  t h e  motion of the  angies  of a t t a c k  (a) and s i d e s l i p  (5) i n  a plane 

perpendicular t o  t he  z a x i s  f o r  each second during f l i g h t .  Figures  3.1.16 

through 3.1.18 a r e  representa t ive  of these  p'ots.  

The v i s u a l  observat ions made during the  small probe model f l i g h t ,  t h e  

motion p i c t u r e  records and the  ca l cu la t ions  aiade from the  da t a  obtained 

from the  on board sensors  ind ica te :  

1. The model was very s t a o l e  i n  f l i g h t .  

2. The model d id  nc t  r o t a t e .  

3. The la rge  o s c i l l a t i o n  in  s i d e s l i p  (9.1 degrses) induced i n  launch 
damped t o  ha l f  amplitude within 4 seconds a f t e r  launch. 



4. Af t e r  t he  l a r g e  launching oscillations were damped out ,  t h e  
maximum values  of angle  of a t t a c k  and s i d e s l i p  were 3.2 and 
4.0 degrees,  respec t ive ly .  Generally va lues  of  both were 
below 2 degrees.  

5. f t e r  the  l a r g e  launching o s c i l l a t i o n s  were damped ou t ,  t h e  
maximum value  of  t he  r e s u l t a c t  of  t he  ang le  o f  a t t a c k  and 
s i d e s l i p  w a s  4.15 degrees. Generally va lues  were under 2 degrees.  

6. The angle  of a t t a c k  abovt t he  y a x i s  o s c i i l a t e d  at t h r ee  
frequencies ,  2.9, .S3 and .14 cyc l e s  pe r  second. The angle  of 
s i d e s l j p  about t h e  x axis o s c i l l a t e d  a t  f requenc ies  of 2.9, 
.47 and .05 cyc l e s  per  seconu, Table 11. 

7. The r e s u l t a n t  of  t he  angle  o f  a t t a c k  and s i d e s l i p  o s c i l l a t - d  
a t  f requencies  o f  3.1, .31 and .05 cyc l e s  per  second. 

8 .  A p l o t  of t h e  small motion of t he  probe i n  angle  of a t t a c k  
and s i d e s l i p  i n  a  plane perpendicular  t o  t he  z a x i s  w a s  
random in na ture .  

9 .  The drag c o e f f i c i e n t  ca l cu l a t ed  from the  accelerometer  da t a  
increased a s  t h e  model approached the  ground. The model 
was under t h e  in f luence  of a v e r t i c a l  a i r  flow which s h i f t e d  
from downward a t  launch t o  upward approaching t h e  ground. 

10. The average drag  coe f i c i e n t  w a s  .714. The average Reynolds d 
number was 2.84 x 10 , and t h e  average Zlach number was .lo. 

11. The maximum l i f t  c o e f f i c i e n t  was -025 with  va lues  genera l ly  
l e s s  than .01. 

3 . 2  Larne Probe Yodel 

The l a rge  probe model vns cont inuously observed from the  h e l i c o p t e r  

and the  ground during i ts f i i g h t .  The model was observed t o  r o t a t e  

slowly. The motion p i c t u r e  frames ind ica ted  t h a t  the  model commenced 

r o t a t i n g  Immediately a f t e r  launch. The r o t a t i o n  b u i l t  up momentarily t o  

a  r a t e  of about 17 r.p.m. i n  2.5 seconds. By t h r e e  seconds t h e  r o t a t i o n  

r a t e  s t ead i ed  a t  about 5 r.p.m. The s i g n a l  of t he  on board sensor  f o r  

r o t a t i o n  d id  not record properly.  Likewise, the pressure  and temperature 

channels d id  not  func t ion  properly.  The x, y and z accelerometer functioned 

properly,  and the  da t a  were recorded. 



The model w a s  v i s u a l l y  observed t o  p i t c h  and yaw e x c e s s i v e l y  a f t e r  

launch. Although t h i s  damped o u t  some, t h e  p i t c h i n g  and yawing were 

v i s u a l l y  observed throughout  t h e  f l i g h t .  The motion p i c t u r e s  and 

t h e  v a l u e s  o f  a n g l e  o f  a t t a c k  and s i d e s l i p  c a l c u l a t e d  from t h e  acce le ro-  

meter d a t a  confirmed t h e  p i t c h i n g  and yawing o f  t h e  model. 

The acce le romete r  r e c o r d s  were d i g i t i z e d .  From t h e  i n t e g r a t i o n  

o f  t h e  c o r r e c t e d  acce le romete r  d a t a ,  t h e  v e l o c i t y  o f  t h e  probe model 

and its a l t i t u d e  were o b t a i n e d ,  F i g u r e s  3.2.1 and 3.2.2. The c o e f f i c i e n t s  

o f  d r a g  were c a l c u l a t e d  f r m  t h e  v e l o c i t y  d a t a  and are p l o t t e d  i n  F igure  3.2.3 

f o r  t h e  f l i g h t .  The average  c o e f f i c i e n t  o f  d r a g  from F i g m e  3.2.3 w a s  -663 

6 
a t  a n  average Reynolds number of 2.90 x 1 0  . The wind t u n n e l  d r a g  c o e f f i c i e n t s  

f o r  v a r i o u s  a n g l e s  o f  a t t a c k / s i d e s l i p  are p l o t t e d  i n  F igure  3.2.4 f o r  a 

5 
Reynolds number o f  8.58 x 1 0  . The v a l u e s  range from -825  f o r  ze ro  d e g r e e s  

s i d e s l i p  t o  .695 f o r  30 degrees  s i d e s l i p .  A l l  d a t a w e r e b a s e d  upon t h e  

maximum diamete r  o f  t h e  s e p a r a t i o n  r ing .  The d e c r e a s e  i n  t h e  drop test 

drag  c o e f f i c i e n t  is considered t o  be p r i n a r i l y  t h e  r e s u l t  o f :  

I. The i n f l i g h t  motion of :he probe. 

2 .  Smoother s u r f a c e  of t h e  i r o p  test 
probe. 

3. P o s s i b l y  Reynolds number. 

The c o e f f i c i e n t s  o f  l i f t  were c a l c u l a t e d  from t h e  acce le romete r  d a t a  

and a r e  shown i n  F igure  3.2.4. Using t h e  wind tunne l  d a t a  o f  l i f t  c o e f f i c i e n t ,  

F igure  3.2.6, and t h e  acce le romete r  d a t a ,  the  a n g l e s  o f  a t t a c k  and s i d e s l i p  

were c a l c u l a t e d  and are p l o t t e d  i n  F igures  3.2.7, 3.2.8, 3.2.9, and 3.2.10. 

The r e s u l t a n t s  o f  t h e  a n g l e s  of a t t a c k  and s i d e s l i p  were c a l c u l a t e d .  The 

d i r e c t i o n s  of t h e  t e s u l t a , , t s  from t h e  x a x i s  a r e  p l o t t e d  i n  F igures  3.2.11 

and 3 - 2 - 1 2 .  The a b s a l u t e  magnitudes of t h e  r e s u l t a n t s a r e p l o t t e d  i n  F iqures  

3.2.13 and 3.2.14. P l o t s  of a n g l e s  o f  a t t a c k  (3) and s i d e s l i p  (5)  f o r  each 



second d u r i n g  f l i g h t  were made. F i g u r e s  3.2.15 through 3.2.17 a r e  rep- 

r e s e n t a t i v e s  uf t h e s e  p l o t s .  The p l o t s  i n d i c a t e  t h a t  t h e  r e s u l t a n t  

- t a t e d  a t  3 r a t e  9f 1.1 c v c l e s  pe r  second and t h a t  t h e  mean dur ing  t h e  

c y c l e  was n o t  a t  zero .  Th is  nay be t h e  r e s u l t  o f  t h e  "Knuckle b a l l "  e f f e c t ,  

a n  o f f s e t  o f  t h e  c e n t e r  o f  g r a v i t y  from t h e  z a x i s  and /or  t h e  probe n o t  

being s)lmnetrical  about  t h e  z a x i s  which produced unsymmetrical aerodynamic 

f o r c e s .  I n  wind t u n n e l  tests1 t h e  l a r g e  probe d i s p l a y e d  a subdued "huckie 

b a l l "  e f f e c t  as compared t o  a sphere .  The probe was suspended from t h e  

c e i l i n g  i n  ti-e l a b o r a t o r y  a long  t h e  x, y and z a x e s  t o  p o s i t i o n  t h e  c e n t e r  

of g r a v i t y .  The e r r o r  i n  i ts p o s i t i o n  should be n e g l i g i b l e .  The c loud 

p a r t i c l e  s e n s o r  made t h e  probe unsvmnetr ical  about t h e  z axis. 

The v t s g a l  o b s e r v a t i o n s  made d u r i n g  t h e  l a r g e  probe model f l i g h t ,  t h e  

motion p i c t u r e  records  and t h e  c a l c u l a t i o n s  made from d a t a  ob ta ined  from 

the  on board s e n s o r s  i n d i c a t e d :  

1. The model was s t a b l e  i n  f l i g h t .  

2 .  The mode: r o t a t e d  a t  abou t  5 r .p.n.  

3. The l a r g e  o s c i l l a t i o n s  i n  a n g l e s  of a t t a c k  ( 2 6 . 5  degrees )  
and i n  s i d e s l i ~  (30 .0  degrees )  a f t e r  launch damped t o  
h a l f  ampl i tude i n  25 and 20 seconds,  r e s p e c t i v e l y ,  a f t e r  
launch. 

A. A f t e r  t h e  l a r g e  launching o s c i l l a t i o n s  w e r e  damped a u t ,  
t h e  a n g l e s  of a t t a c k  and s i d e s l i p  o s c i l l a t i o n s  were g e n e r a l l y  
under 10'. 

5. The maxiinurn r e s u l t a n t  of a n g l e s  o f  a t t a c k  and s i d e s l i p  (33 
degrees )  was damped t o  h a l f  ampl i tude i n  32 seconds a f t e r  
r e l e a s e .  

6. A f t e r  t h e  l a r g e  launching o s c i l l a t i o n s  were damped o u t ,  t h e  
r e s u l t a n t  of ang les  of a t t a c k  and s i d e s l i p  o s c i l l a t i o n s  were 
g e n e r a l l v  under 1 3  degrees .  

7 .  The ang le  of a t t a c k  about  t h e  v  * x i s  and t h e  a n g l e  of s i d e s l i p  
about the  x a x i s  o s c i l l a t e d  a t  two f requenc ies .  1.1 and . l L  
c v c l e s  pe r  second, uh ich  were superimposed on the  r o t a t i o n a l  
motion of about t h e  .OS r . p . s . .  Table 11. 



8. The r e s u l t a n t  of the angle of a t t a c k  and s i d e s l i p  
o s c i l l a t e d  a t  two frequencies,  1.1 and .14 c , c l e s  per 
second. 

9 .  A p l o t  of the  motion of the  ?robe i n  angle of a t t a c k  
and s i d e s l i p  i n  a  plane perpendicular t o  t he  z a x i s  
ind ica ted  t h a t  the  r e s u l t a n t  r o t a t e d  a t  a  rate of 1.1 
cyc le s  per  second. 

10. The average drag c o e f f i c i e n t  was .663 a t  an average 6 Reynolds number of 2.90 x 10 and an  average NacL 
number of -10. 

11. The maxirmrm l i f t  c o e i f i c i e n t  w a s  -48 w i t h  values 
genera l ly  less than .20. 



4 .  CONCLUSIONS 

Large amplitude motions were induced i n  t h e  launching of both probes. 

The motion of the  small  probe a f t e r  launch damped more r ap id ly  than d id  

t h a t  of t he  l a r g e  probe. The continued o s c i l l a t i o n s  of t h e  small probe 

were about one- f i f th  the  amplitude of t h e  l a r g e  probe. Both probes ex- 

h ib i t ed  o s c i l l a t i o n s  i n  angle  of a t t a c k  and s i d e s l i p  a t  d i s t i n c t  frequen- 

z ies .  The motion of t he  small probe i n  a p lane  perpendicular t o  t he  z 

a x i s  was random i n  na tu re  b u t  t he  l a rge  probe r o t a t e d  (corkscrewed) about 

the z a x i s  a t  1.1 cyc le s  per  second. 

The average drag c o e f f i c i e n t  of t he  small probe w a s  ,714 a t  a Reynolds 

6 number of 2.e4 x 10 and a Mach number of  .lo. The average drag c o e f f i c i e n t  

6 of the  l a r g e  probe was -663 a t  a Reynolds number of 2.90 x 10 and a Nach 

number of .lo. 
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Figure 2.1.3. Small Probe Assembly Sketch. 



Pressure Sensor 

Figure 2.1.4. Large Robe Am.-,bly Sketch. 

18 























m
a

,
a

 
I

d
W

 
w

 
I- 

z
u

f
 

















NASA-KU VENUS PROBE 

DROP ONE 

1 5  JUNE 1977 

cx - Angle between the z body a x i s  
end the r e l a t i v e  wind i n  the  x ,  z p l a n e  

Plgure 3 . 1 . 9  Small  probe a n g l e s  of a t tuck  d u r i n g  f l i g h t  - expanded s c a l e .  
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NASA-KU VENUS PROBE 
DROP CNE-SMALL PROBE 
15 JUNE 1977 

* DENOTES START 

-L -L 

Figure  3.1.16 Small probe r e s u l t a n t  v e c t o r ,  3 + 3 ,  motion,  
12 through 15 seconds.  

- -- -  - .--  -- 



NASA-KU VENUS PROBE - 

DROP ONE-SMALL PROUE 
15 JUNE 1977 

. .. - 
-L + 

Figure 3.1.17 Small probe resultant vector, a + 3, motion, 
40 through 4 3  seconds. 



NASA-KU VENUS PROBE 
DROP ONE-SMALL PROBE 
15 JUNE 1977 

. . . 

i IiDgTES START 

. .. -- 

-. + -C 

r t g u r e  3.1.19 S m a l l  probe resultant vector, a + 9 ,  notion, 
i 4  through 67 seconds. 



NASA-KU VENUS ':=ROBE 
D R O P  TWO.-LARGE PROBE 
3 AUGUST 1 9 ' 7 7  
F R O M  MU JUSTEL3 ACCLN R E C O R D  

T I M E  I E C  

Figure 3 . 2 . 1  l ~ r g e  probe velocity from accelerometer data .  



NASA-I .<U VENUS PROBE 
DROP TWO-LARGE PROBE 
3 AUGUST 1977 
FROM ADJUSTED ACCLN RECORD 

Drop Altitude 3197 M 
Impact Altitude 408 M 

Figure 3.2.2 Large probe altitude £ram accelerometer data. 







NASA-KU VENUS PROBE 
DROP TWO-LARGE PROBE 
3 AUGUST 1977 

T I M E  SEC 

I I 

Figr~re 3 . 2 . 5  Large probe lift coefficient (resultant of lift and side force. 







NASA-KU VENUS PROBE 
DROP TWO-LARGE PROBE 
3 AUGUST 1977 

u - 'I'l~c a n ~ l c  b e t w e c ! ~  t h t *  z body a x i ~  
! and t l ~ c  relative: wind i n  the x ,  z plane 
I . .. 

T X M E  SEC 

Figure 3 . 2 . 8  Large probe a n g l e s  of attack during f l i g h t  - expanded sca le .  
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+ 
Figure 3.2.11 Large probe resultant angles of direction, a + 2 ,  (directions 

from the x axis of  resultants of angles of  attack and ang l e s  of 
sidesli ?) . 

- -.-- - - 



+ + 
Figure 3 . 2 . 1 2  Large probe resultant angles of d irect ion ,  a + 6 .  (directions 

from the x aais of resultants of angles of attack and angles 
of s i d e s l i p )  expanded sca l e .  
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NASA-KU VENUS PROBE 
DROP TWO-LARGE PROBE 
3 AUSUST 1977 

.- * -. 
tigure 3 . 2 . 1 5  Large probe resultant veccor, .x + 3 ,  motion, L2 t h r c - ~ g h  15 seconds .  

h 1 



NASA-KU VENUS PROBE 
DROP TUO-LARGE PROBE 
3 AUGUST 1977 

+ DENmES START 

- -.--- 

+ + 
Figure 3.2.15 probe resultant vector, a + 3, motion, LO through 43 seconds. 



NASA-KU VENUS PROBE 
DROP TWO-LARGE PROBE 
3 AWST 1977 

A 

Figure 3.2.17 Large probe resultan: vector. J notion, t h rough  ;7 secoilds. 
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Table I Probe Hodel Data 

It- -11 Probe Large Probe 

Drop da te  

Dl- ter 

Area 

Weight 

C.C. (ahead of 
separation) 

Time of Fl ight  

Fl ight  distance 

Average RN 
Average H 

Average CD 

15 June. 1977 

1 . 5 h  (59.06") 

2 
1.76 m (19 sq. f t . )  

83 seconds 

2799 m (9,190 f t . )  

3.04 x 10 6 

-10 

-714 

3 August. 1977 

81.5 seconds 

2789 m (9.155) 

2.82 x 10 6 

-10 

Table I1 Probe Nodel Frequencies 

Probe Frequencies (cycles per second) 
Hot ion Saa l l  Probe Large Probe 

Spin 0 .08 

+ 
a + ;  
(magnitude) 

+ 
l + $  Random 1.1 
( ro ta t ion)  


