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SECTION I - INTRODUCTION 

An essent ia l  phase of t he  Explorer X T I I  development w a s  a thermal study 
and design t o  provide an acceptable temperature environment f o r  t h e  electronics  
components and external surfaces of t he  satel l i te  during ascent and i n  orb i t .  
It was necessary t o  es tabl ish by pref l igh t  analysis and t e s t s  t h a t  tolerable  
temperatures could be maintained i n  three regimes of f l i gh t .  I n  the  first 
regime (from launch u n t i l  release of t h e  heat shield)  t h e  sa te l l i t e  w a s  sub- 
jected t o  radiative and conductive heat from the  shield. I n  the  second regime, 
after release of the  shield at  350,000 feet, the  satel l i te  w a s  heated by free 
molecular flow. I n  the  t h i r d  regime - the  orb i t  phase - it w a s  necessary t h a t  
temperatures within l i m i t s  f o r  a 1-year l i fe t ime be established. I n  addition 
t o  these three regimes, a study w a s  made t o  investigate the  e f fec t  of elevated 
rocket-motor temperatures during launch and after burnout. 

This chapter will deal with some pertinent pref l igh t  estimates and correla- 
t i o n  of these estimates with flight data. 

SECTION I1 - SYMBOLS 

as absorptivity of so la r  radiat ion 

a semimajor axis of orbit ,  f t  

A 

B 

cross-sectional area of s a t e l l i t e  section, f t 2  

decay constant f o r  atmosphere, taken as 3.48 x l O - ? / f t  

E eccentric anomaly 

erf e r ro r  function 

QO 

In(  1 modified Bessel function of t he  f i r s t  kind of order n 

acceleration due t o  gravi ty  a t  ear th ' s  surface 

k Bolt mann constant, 0.728 x lo-% Btu/molecule-OR 
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TH E: 

number of molecules s t r iking surface per uni t  area per uni t  time 

number of molecules per uni t  volume 

orb i t  period, min 

heat-transf er rate per un i t  surface area, Btu/ft2-sec 

heat input per un i t  surface area per orbit ,  Btu/ft2-orbit 

t o t a l  heat input t o  s a t e l l i t e  section, Btu/ft2-orbit 

spacecraft distance from center of earth, f t  

reference alt i tude,  f t  

radius of the  earth, 2.0903 x lo7 f t  

t o t a l  surface area of s a t e l l i t e  sector, f t 2  

time, min 

temperature, OR 

free-stream temperature, OR 

free-stream velocity, f t / sec  

mean molecular velocity, f t / sec  

argument of Bessel function 

thermal accommodation coefficient 

angle between flow direction and the normal t o  the surface, deg 

r a t i o  of specific heats 

orbi t  eccentricity 

t o t a l  hemispherical emissivity 

7 = s cos p 

CL = goRe y 1.42 x 10l6 ft3/sec2 

102 



Stefan-Boltmann constant, 2.0 x Btu 
4 d 

in .  2-min-OR 

Subscripts : 

av average 

m mean 

P perigee 

W W a l l  

SECTION I11 - ANALYTICAL METHODS 

Methods were established by which analyt ical  solutions t o  the  heat-transfer 
problems could be found f o r  all the  regimes discussed. These a re  derived and 
discussed i n  d e t a i l  i n  reference VI-1 and a re  not repeated herein. Refer- 
ence V I - 1  a lso contains detailed discussions of the  t e s t  resu l t s  and coatings 
evaluated i n  t h i s  thermal-design study. The estimates discussed herein have 
been performed f o r  the  actual  launch date of Explorer X I 1 1  (August 25, 1961); 
however, the  estimates of reference V I 4  consider a launch data of June 15, 1961. 

SECTION I V  - RESULTS AND DISCUSSION 

Estimated . ~ .  ._ . temperatures.- The temperature limits specified f o r  Fxplorer X I 1 1  
are tabulated as follows: 
as those which might impair r e l i a b i l i t y  o r  proper operation of the sensors.) 

(These limits had been established by the designers 

Component 

Telemetry 
Pressurized ce l l s  
Steel- covered-grid 

detectors 
Copper-wire-card detectors 
Solar ce l l s  
Cadmium-sulfide ce l l s  
Impact detectors 

MaxirmUn allowable 
temperature, OF 

120 
250 
180 

temperature, 

15 
-50 
-100 

None given 
-50 

None given 
-50 

Estimated heating calculations during ascent and i n  orb i t  t o  be discussed 
herein were based on the  nominal t ra jectory defined as follows: 



Launch characterist ics:  
Actual launch date . . . . . . . . . . . . . . . . . . . . . .  August 25, 1961 
Launch azimuth . . . . . . . . . . . . . . . . . . . . . . . .  goo from north . . . . . . . . . . . . . . . . . . . .  Launch elevation, deg 79.88 

Orbi ta l  characterist ics:  
I n i t i a l  perigee al t i tude,  n.m. . . . . . . . . . . . . . . . . . . . .  207 
I n i t i a l  apogee al t i tude,  n.m. 527 
O r b i t  period, min 98 
-Orbit inclination, deg . . . . . . . . . . . . . . . . . . . . . . . . .  37.68 

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S a t e l l i t e  lifetime, year . . . . . . . . . . . . . . . . . . . . . . . .  >1 

Prior  t o  the  launch of Explorer XIII, several nomXnal t raJector ies  were con- 
sidered. 
t he  predicted o rb i t a l  parameters i n  tab le  11-4. 
these differences would not have a large effect  on the data discussed i n  the 
present chapter. 

For t h i s  reason the  values l i s t e d  i n  t h i s  tab le  d i f f e r  s l i gh t ly  from 
Studies have established tha t  

Figure VI-1 shows a sketch of Explorer XI1 i n  the heat shield.  Tempera- 
tures  were estimated during ascent f o r  three s ta t ions on the  heat shield: the 
stagnation point of t he  hemispherical t i p ,  the  conical section, and the cylin- 
d r i ca l  section (designated by 1, 2, and 3, respectively, i n  f ig .  VI-1). Both 
outside- and inside-wall temperatures were computed fo r  s ta t ion  3 on the cylin- 
d r i ca l  section which w a s  located approximately over the  first row of pressure 
ce l l s .  
heating source w a s  a l so  estimated and the  resu l t s  a re  p lo t ted  i n  figure VI-2. 

The temperature his tory of the  pressure ce l l s  due t o  t h i s  radiant 

During simulated ascent, experimental values of payload temperature were 
obtained as par t  of the  heat-shield qualification tests. 
prototme w a s  placed inside the heat shield and the shield w a s  subjected t o  the 
estimated outside-wall-temperature t i m e  h i s tor ies  of f igure VI-2. Tem-peratures 
of the spacecraft during the test  were monitored by a number of thermocouples on 
the  exposed surfaces and i n  the  telemetry canisters.  

The Explorer XI11 

Results of t h i s  test are 

I I I I 111 I 

"." ........... 
(See enlarged section) LForword SUPport Reor support J 

.05-inch lminoted phenolic 

.SO-inch fiberglos honeycomb m - .05-inch laminoted phendic 

Typical enlarged cross section of heat shield 

Figure V I - 1 . -  Ex.-plorer XI11 in heat shield. 
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T i m e ,  sac 
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( a )  Temperature t i m e  history a t  s ta t ion 1. 

* O O i -  1 

:* 6ooi' 
:" P O O F  40j 

T i m e ,  sac 

(b) Temperature time history a t  s ta t ion 2. 

0 20 40 60 80 100 120 140 160 

T i m e ,  s e c  

( c )  Temperature time history at s ta t ion  3 .  

Figure VI-2.- Temperatures during ascent 
with heat shield i n  place. 

presented i n  figure VI-3 along with 
pressure-cell estimates from figure VI-2 
which are  shown f o r  comparison. 

It can be seen fram figure VI-3 t ha t  
the maxi" temperature of the pressure 
ce l l s  from the  simulated ascent t e s t  w a s  
considerably luwer than that predicted, 
and tha t  the steel-covered-grid detectors 
and copper-wire-card detectors experienced 
temperature rises of less than 20' F 
during the t e s t .  &though not shown i n  
the  figure, values of telemetry-canister 
temperature remained constant throughout 
the  t e s t .  It was not expected tha t  these 
components would respond t o  external tem- 
perature sources over such a relat ively 
short time. The analyt ical  and experi- 
mental studies conducted i n  t h i s  par t  of 
the thermal-design program established 
t h a t  during ascent with the heat shield on, 
the external surfaces of the  s a t e l l i t e  
would remain within tolerable  temperature 
l h i t s  and that the telemetry temperature 
w d d  not be affected by aerodyn&c 
heating. 

The method discussed i n  reference VI-1 
was used t o  estimate the free-molecular 
f l o w  heating f o r  Ekplorer X I 1 1  a f t e r  heat- 
shield ejection f o r  a range of. a l t i tudes  
between 3OO,O00 and 400, OOO f ee t .  These 
estimates were made only f o r  the pressure 
cel ls ,  since they wou ld  heat most rapidly 
because of t h e i r  surface character is t ics .  
This study indicated t h a t  above 
350,000 feet ,  there w o u l d  be no increase 
i n  detector temperature due t o  t h i s  
heating source f o r  flow pa ra l l e l  t o  the 
f l i g h t  path. 

Since the  last stage of the  booster vehicle w a s  an in tegra l  par t  of 
Explorer XTII, it was  necessary t o  evaluate the e f fec ts  of elevated temperatures 
of t h i s  booster stage on the various detectors of the  s a t e l l i t e .  
shows experimentally determined temperature h i s to r i e s  from the s t a t i c  f i r i n g  of 
a rocket motor similar t o  the  l a s t  stage of the Scout launch vehicle at reduced 
external pressures ( ref .  VI-2). These data indicate t h a t  following burning of 
the l a s t  stage the temperatures of the rocket-motor case generally reached 
m a x i "  values at o r  before 500 seconds a f t e r  igni t ion and then decreased with 
increasing time. 

Figure VI-4 
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I I I I I I I  
Estimated for pnssure cells - 

0 Measured on pressure cells 
0 M8OSUnd on Steal-ccvered-grid detei 

A Mwsured on copvar-wlre- 

0 20 40 
Time. sec 

I 
120 140 I 

At =O;rocketmotor ignition 

At  =40;rocket-motor burnout 

200 400 600 800 1,000 0 
A t , s e c  

Figure VI-3.- Estimated and measured spacecraft 
temperatures during simulated ascent heating 
test. mot or. 

Figure VI-4.- Measured temperatures from 
static firing of the X248-Ag rocket 

An analyt ical  program w a s  used t o  consider the  influence of the  nozzle 
temperature (point 5 )  and the motor-case temperature (point 3 )  on the rear row 
of pressure ce l l s  and the  steel-covered-grid detectors and copper-wire-card 
detectors. 
a constant temperature of 400' F at point 3 were assumed t o  exis t  from 
At = 0 minute t o  A t  = 20 minutes. Direct and reflected solar  radiation and 
earth thermal radiation were also considered i n  these calculations. 
a re  shown i n  figure VI-5. 

To be conservative, a constant temperature of 600° F at point 5 and 

The resul ts  

These data show a constant increase i n  the  temperature of the steel-covered- 
g r id  detectors a f t e r  A t  = 4 minutes reaching a value of 144O F when the sa te l -  
l i t e  enters the earth 's  shadow at  At  = 20 minutes. After At  = 20 minutes the 
temperatures w i l l  decrease since the  solar-heating input i s  removed. The tem- 
peratures of the copper-wire-card detectors and last row of pressure ce l l s  a r e  
1.18~ F and lao F, respectively, at t h i s  t i m e .  The temperature values computed 

-- Rear row o f  pressure cells 

~ Steel-covered-grid detectors 

--- Copper -wire-cord detectors 

160 

I20 

.y- 

5 80 

t 
0 

40 

0 4 e 12 16 20 
At,minutes after fourth-stage ignition 

-Ingress into 
earth's shadow 

f o r  the last row of pressure ce l l s  
should be representative of all the pres- 
sure ce l l s  because of the excellent 
thermal conductivity of the pressurized- 
c e l l  mounting structure and the existence 
of a heating source from the support a t  
the  rocket-motor headcap. Estimates 
were a l so  m a d e  t o  determine the increase 
i n  telemetry temperature associated w i t h  
a constant headcap temperature of 200° F 
f o r  20 minutes. These estimates estab- 
l ished tha t  a r i s e  of less than F 
would resu l t  from t h i s  heating source. 

This phase of t he  study established 
tha t  of a l l  the  heating sources 

Figure VI-5.- EstFmated satellite sur- 
face temperature due to last stage 
rocket-motor heating. 



investigated during ascent, the e f fec ts  of the rocket-motor temperatures had 
most pronounced ef fec ts  on the  detectors. 
found t o  remain within tolerable  limits; however, the increase i n  telemetry 
temperature w a s  expected t o  be l e s s  than 5' F from the ascent heating sources. 

A l l  the  detector temperatures were 

0. P 

.71 

.57 

.41 

.I9 

.32 

.66 

.93 

O r b i t a l  heating calculations w e r e  performed on an electronic data processing 
The satel-  machine which computed 12 time-dependent temperatures simultaneously. 

l i t e  w a s  considered t o  be composed of a number of sectors with the heat-flow 
paths shown i n  the schematic diagram below: 

0.42 

.42 

.79 

.a9 

.16 

. a2 

* 69 

.74 

Conductive heat transfer 

Radiative heat transfer - _ _ - -  

I F .  I 
I 

I I I  I I  I I  I I  I -- 

Passive thermal design w a s  used, and heat-flux equations were writ ten f o r  each 
of the sectors by considering conductive and radiative heat t ransfer  between 
the sectors, and where necessary d i rec t  and reflected solar radiation and 
ear th  thermal radiation were considered. (See re f .  VI-1.) 

The following are the absorptivity and emissivity values of the  exposed 
sectors of the  satellite: 

Ccrmponent 

Forward shel l  

Sounding boards 
Composite solar c e l l  

ring 
Composite solar ce l l s  

on forward race 
Pressurized c e l l s  

St eel- cmered-grid 

Copper-wire-card 
detectors 

detectors 
Exposed fourth- 

stwe  S t N C t W  

M a c e  finish+ 

410 stainless steel; sand 
blasted with 103 mcah grit; 
heated i n  air at  61x1~  F for 
5 minutes 

Same as above 
Black and white mosaic 

Black and white mosaic 

Vapor-deposited aluminum and 

Lusterless white enawl 

Enameled copper wire 

B l a c k  lacquer 

s i l icon monoxide f i l m s  

f o r  detaLls of surface finishes, see ref. V I - 1 .  



In te r ior  surfaces were prepared with low-emissivity coatings t o  reduce heat 
t ransfer  from the motor case. The last stage rocket motor and the s a t e l l i t e  
surfaces w h i c h  were exposed t o  radiation from the  motor case were covered w i t h  
aluminum f o i l .  
outside of telemeter canisters, and the bases were gold plated. 

The mounting bulkhead, the inside of the forward shell ,  and the 

Since there was  no system on Explorer XI11 t o  orient the  spacecraft it w a s  
necessary t o  consider temperatures both f o r  the  mode of spin about the principal 
axis (the condition at  inject ion in to  orbi t ) ,  w h i c h  w i l l  be referred t o  herein 
as the "stable" mode, and f o r  the mode of spin about the axis  of m a x i m u m  moment 
of iner t ia ,  referred t o  herein as the "tumbling" mode. Studies indicated tha t  
the i n i t i a l  spin motion should convert t o  a tumbling motion i n  l e s s  than 2 weeks 
as shown i n  figure VI-6. The first computations of o rb i t a l  temperatures were 
made f o r  the tumbling mode since the hot tes t  and coldest cases could be made t o  
occur i n  t h i s  mode with proper selection of launch time. Estimates discussed 
i n  reference VI-1 establ ish tha t  f o r  the coatings used, telemetry-temperature 
values f o r  Explorer XI11 i n  the tumbling mode should be between 30' F and 111' F 
f o r  a 1-year l ifetime. 

A study of the  parameters governing the launch time (stable mode of spin) 
established tha t  f o r  an August 25 launch date, the hours between 0900 and 
1330 e.s.t. were satisfactory.  
his tory of t he  sensors fo r  a 1330 e.s.t. launch. 
51.6O F during o rb i t a l  heating i s  a l s o  noted. 
percent-time-in-sunlight h i s tor ies  f o r  three launch times on A u g u s t  e. 

Figure VI-7 is  an estimated temperature time 
The telemetry temperature of 

Figure VI-8 shows calculated 

Flight-test  resul ts .  - Explorer MI1 was instrumented with 18 thermistors 
t o  measure temperatures i n  f i g h t  ( f ig .  VI-9). 
measured under the  mounting frames of two uni t s  1800 apart on the heat-transfer 
band. 
d r i ca l  section, a l so  at s ta t ions 180' apart. Two of the  0.002-inch-thick pres- 
sure ce l l s  i n  the first row had thermistors mounted on the  bottom of t h e i r  base 

Solar-cell  temperatures were 

Forward-shell temperatures were measured on the  inside w a l l  of the cylin- 

-0 IO 20 30 2 4 6 8 10 12 14 

Figure VI-6.- History of spin rate due to  megnetic torques. 

T i m e .  days Time.monthr 

plates.  The steel-covered- 
gr id  detectors had four 
thermistors (spaced 90° apart)  
located d i rec t ly  under the  
steel grids.  Two wire-card- 
detector temperatures were 
measured i n  the fiber-glass 
backing under individual 
cards. Thermistors located 
i n  each of the telemeter 
stacks ( i n  the second module 
forward of the base) were used 
t o  measure telemetry tempera- 
ture .  The cadmium-sulfide 
ce l l s  had thermistors located 
inside the f lask  below the  
light-sensing element. 
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Telemeter temp. = 51.6 OF 
o Pressure cells 
A Solar cells 
D Forward solar-cells 
0 Copper-wire-card detectors 
0 Steel - covered-grid detectors 

0 I O  2 0  30 40 5 0  60 70 80 90 100 
T ime ,  min 

Figure VI-7.- Calculated temperature history for the stable satellite launched 1330 
on August 25, 1961. 

August 2 5  launch ~ 

09  00 e l s a t .  
--- II 00 e . s . t .  

- ------ 14 00 e .s . t .  ~~ 

Figure VI-8.- Percent time in sunlight as a function of days  
after launch. 
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(.e.. 
Thermistor location an 

pressurized-cell detector - 
Thermistor location on 

power salar-cell t ray  

?Two thermistors, 180° apart 

Thermistor location in 
a telemeter assembly 

Four thermistors. 90°0Port  

/-,,,a thermistors, 180° apart 

 TWO thermistors. 180° aport 

Thermistor locations on assembled 

spacecraft 

O n e  thermistor in each 

telemeter assembly 

Thermistor location an a 

copper-wire-cord detector 

Thermistor location on 
Steel-covered-grid detect01 

Figure VI-9.- Thermistor locations. 

Temperature data during orb i t  were obtained by interrogating the s a t e l l i t e  
as it passed the s ta t ions of the  Minitrack network. 
were not stored by the  sa t e l l i t e ,  values recorded during an interrogation repre- 
sented temperatures only at  the time of the  interrogation so tha t  the orbi ta l -  
temperature cycle could not be read out direct ly .  
transmitted during ascent. 

Since temperature data 

N o  temperature data were 

Recorded flight-temperature data f o r  about 46 hours a f t e r  launch are  shown 
i n  figure VI-10. Also shown i n  figure VI-IO are maxi" orbi t  heating values of 
temperatures from figure ~ r - 7 .  I n  figures n-10( c) and (a) maximum estimated 
ascent heating values of temperature (from f ig .  VI+) are shown f o r  the pres- 
surized ce l l s  and telemeter packs. 
from 8 t o  46 hours. 
taken with the satell i te inside the  heat shield p r io r  t o  launch. 
temperature data f o r  the  copper-wire-card detectors and cadmium-sulfide ce l l s  
a r e  discussed i n  chapters X and XI and are  therefore omitted from figure VI -10 .  
Steel-covered-grid-detector temperatures are a l so  omitted, since these data are 
presented i n  reference VI-3. Figure VI-10 indicates tha t  at  the first inter- 
rogation at about 1.5 hours, temperatures were generally close t o  the estimated 
value f o r  the  ascent heating effects, which indicates reasonable estimates f o r  
the ascent heating effects .  Measured telemeter temperatures were 6' F higher 
than prelaunch at the  first interrogation. Later interrogations show that all 
the  flight data are n e w  to, or greater  than the m a x i "  expected o rb i t a l  
heating values from f igure VI-7. 

These l a t t e r  values were taken as constant 

Flight-test-  
The fl ight-data value at At = 0 w a s  a pref i r ing value 
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0 Telemeter A 
Telemeter B 

_ _ _  Estimated temperature in orbit (maximum1 
X Estimated temperature ofter ascent 

' I  :ir 
12 

At, hours of fe r  launch 

(a) Forward-shell temperatures. 

I 

- 11 12 

16 20 24 
At.hours of fe r  launch 

(b) Solar-cell temperatures. 

/-(i( 16 2 0  24 I 11 2 1 32  

36 40 44 48 

- 

3 6  

At,hours after launch 

(c) Pressurized-cell temperatures. 

11- 16 I 24 

. /if! -- 

4 0  4 4  48 

- 
36 40 44 48 

A t ,  hours af ter  launch 

(a) Telemeter temperatures. 

Figure VI-10.- Comparison of estimated and measured temperatures from 
Explorer M I I .  



Since the orb i t  of Ekplorer =I1 was known t o  be different  from the nominal 
orb i t  used f o r  t he  estimates, an investigation w a s  made t o  study the o rb i t a l  
heating e f fec ts  of f r ee  molecular f l a w  resul t ing from the l o w  perigee. 
method employed was t o  determine the t o t a l  free-molecular-flow heat input f o r  
various orientations of the s a t e l l i t e  at perigee passage and t o  reduce this t o  
a surface-temperature increase. 

The 

The aerodynamic heat-transfer r a t e  t o  a body i n  f r ee  molecular flow is 
given by the corrected form of an equation i n  reference VI-4  as 

where n is  given by 

2 
For s a t e l l i t e  velocit ies,  s >> 1 so t h a t  e-q + 0 and er f  7 4 1  f o r  

cos $ + 0. For cos fl < 0, erf  q + -1 so t ha t  equation (2)  becomes 

( 3 )  
* n = NU cos $ 

where 

cos*p = cos p f o r  cos p > o 

COS*$ = 0 f o r  cos p < 0 

The second term on the  right-hand side of equation (1) predominates, so 
t h a t  equation (1) reduces t o  

The atmospheric term is f i t t e d  t o  an exponential var ia t ion of geocentric radius 

NkT, NkT, e -B( r-ro) 
- =  (F) 

r0  
T2 

where ro i s  the reference a l t i tude .  Thus the heating r a t e  on a f la t -p la te  
element i s  
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Orbit mechanics give the equations (ref. VI-5): 

r = a(1 - E cos E) ( 7 )  

The t o t a l  aerodynamic-heating input t o  a f la t -plate  element of unit  area 
during one orb i ta l  pass is  then 

cos*p(E)eBaE 'Os E x 1 + 2~ cos E + 0 ( ~ ~ , ] d E  (10) c -B ( a-ro) 

Now, assume 
tha t  

cos*p is  constant, and w i t h  the relations from reference VI-6 

and 

equation (10) becomes 

For large values of x 

ex In(x) x - 



so that,  choosing ro = rp, equation (11) can be writ ten as 

Consider the case where the satellite is  assumed t o  enter perigee broad- 
s ide ( p  = 00). Integrating Q aver the surface and denoting the cross- 
sectional area as A, the  t o t a l  aerodynamic-heating input i n  one orb i t  i s  

The resul t ing mean temperature is  determined by the  following considera- 
t ions:  Neglecting the aerodynamic heating, t he  s a t e l l i t e  w i l l  be at  a mean 

the t o t a l  heat radiated during the orb i t  i s  

a t ive  heat input. 
value T1 such tha t  

temperature T, and will thus be radiating heat at a r a t e  S q p T m  4 , so  tha t  
4 Psem.aTm . This i s  a l so  the radi- 

With aerodynamic heating, t he  temperature w i l l  increase t o  a 

Hence the temperature i s  found t o  be 

4 The approximation i s  in t r ins ica l ly  made t h a t  (Tav) = (T4),, which i s  

val id  f o r  reasonable temperature fluctuations.  

This method of analysis w a s  applied t o  a cylinder having the properties of 

Atmospheric properties 
the  pressure-cell sector and the estimated-temperature time h is tor ies  f o r  four 
different  orientation angles are  shown i n  f igure VI-ll. 
from reference VI-7 were used i n  these calculations. 

Also plotted i n  figure VI-11 i s  a l i n e  representing the  measured pressure- 
c e l l  temperatures shown i n  f igure VI-10. 
peratures l i e  within the calculated temperatures f o r  values of p between about 
60° and 800. 
somewhat questionable because of uncertainties i n  atmospheric data at  the higher 
a l t i tudes,  they do serve t o  i l l u s t r a t e  t ha t  t he  addition of the free-molecular- 
flow heating effects  were suff ic ient  t o  cause the  elevated f l i g h t  temperatures 
encountered . 

It can be seen tha t  the f l i g h t  tem- 

Although the  calculated time h i s to r i e s  shown i n  figure V I - 1 1  are 
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Figure VI-=.- Estimated and measured pressure-cell temperatures for 
Explorer XTII. 

This analysis was applied t o  the pressure ce l l s  since it had been pre- 
viously established by ground tests tha t  the telemetry temperature i n  orb i t  
would be controlled by the  mean temperature of the  pressure ce l l s .  It i s  f e l t ,  
therefore, t ha t  the high flight temperatures on the pressure ce l l s  were caused 
by free-molecular-flow heating due t o  the low-perigee passage at  an inclined 
angle t o  the f l i g h t  path and as a resul t  t ha t  the telemetry temperatures were 
higher than estimated. Equation (15) shows tha t  the temperature increase of 
the surface i s  influenced by the  emissivity of the surface. Since the values 
of 

higher than tha t  of the pressure cells,  the  temperature of these components 
would be expected t o  be generally lower. This f ac t  i s  shown t o  be the case from 
the  f l i gh t  data of f igure VI-10 and a lso  by the  steel-covered-grid-detector data 
shown i n  reference VI-3. 

E,,,, f o r  the forward she l l  and steel-covered-grid detectors were much 

I n  figure VI-10, there i s  a noticeable fluctuation i n  the temperature of 
a number of components with time. 
The orb i t  i s  approximately fixed i n  space, while the Minitrack s ta t ions move 
re la t ive  t o  the orb i t  path because of the ear th 's  rotation. Thus, the t rue  
anomaly of the sa t e l l i t e ,  as it passes over a given longitude increases by about 
24' per orb i t .  

This fluctuation can be explained as follows: 

This effect  i s  shown i n  figure VI-12. Since most of the  tem- 
perature data gathered from Explorer XTII 
and shown i n  figure VI-10 were read out 
by Minitrack s ta t ions at  approximately 

and At = 46 hours, the given tempera- 
t u re  his tory over a 24-hour period cor- 
responds t o  actual  temperature cycling 
of the components as the s a t e l l i t e  com- 
pletes  one o rb i t a l  revolution. 

Position of receiving station, 

Position of satellite during the  same longitude, between At = 20 

Position of satellite during 

2 n d  pass 

interrogation , 2 nd pass 

interrogating, I st pass 

Position of recivirq station, 
I d  pass 

I 24- 
Apparent change anomaly, 

Factors demonstrating tha t  t h i s  
effect  i s  the predominant cause of these Figure VI-12.- Change in a n o w  of successive 

passes of satellite over a station. fluctuations are: 
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1. The period of the fluctuation i s  24 hours. 

2. The amplitude of the fluctuation i s  roughly equal that calculated f o r  
(For the  pressure ce l l s  this is  approximately 20° F as shown each component. 

i n  f ig .  VI-?.) 

3 .  Temperature changes i n  figure VI-11 are rapid when the satellite i s  
interrogated near perigee. 

4. Since the s a t e l l i t e  revolves about t h e  earth i n  the same direction as 
the  ear th  rotates,  an increase i n  time i n  f igure VI-10 corresponds t o  an 
increase i n  t r u e  anomaly. 

From these considerations, it is  apparent t h a t  data of the type shown i n  
figure V I - =  could provide a typica l  one-orbit-pass temperature his tory if  
allowances were made f o r  the change i n  o r b i t a l  elements over a 24-hour period. 
A close study of predicted temperature h i s to r i e s  f o r  Explorer XI11 made by 
using the previous considerations, ve r i f i e s  that the fluctuations i n  the  tem- 
perature h is tor ies  shown i n  figure VI-11 are due t o  the normal temperature 
fluctuations encountered i n  one o rb i t a l  pass, with the effects  of rapidly 
changing o rb i t a l  elements superimposed on it. 

The o rb i t a l  character is t ics  of Explorer XrrI were also used t o  determine 
(by the method of ref. V I - 1 )  the percent time i n  sunlight f o r  correlation with 
predictions. These results are  shown i n  f igure VI-13. Excellent agreement 
with predictions is’indicated f o r  the i n i t i a l  o rb i t s  with increasing r a t e  of 
decay of percent time i n  sunlight with increasing orb i t  passes. 
w a s  found t o  be associated w i t h  the decrease i n  apogee a l t i tude .  Since the 

This decrease 
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Figure VI-13.- Comparison of estimated and actual percent 
time i n  sunlight. 

- 

hpogee w a s  occurring i n  sun- 
light, the decrease i n  apogee 
a l t i t ude  manifested i t s e l f  as 
a decrease i n  percent time i n  
sunlight. 

Flight data  f o r  
Explorer XI11 showed a spin 
r a t e  of 178 rpm during burning 
and f o r  a short period a f t e r  
burnout of the last stage. 
This value was 22 rpm less 
than the expected value 
( f i g .  VI-6). 
s ib l e  with the instrumentation 
used t o  determine the decay 
of the spin r a t e  accurately 
over such a short lifetime, 
&though it would have been 
possible t o  determine the t i m e  
of t rans i t ion  from stable t o  
tumbling spin had the  l i fe t ime 
of the  satellite been longer. 

It w a s  not pos- 



SECTION V - CONCLUIIING RPIARKS 

Examination of the temperature data recorded during the l ifetime of 
Explorer XTII indicates surface temperatures and telemetry temperatures which 
were higher than expected based on calculations for the  nominal orbit  but were 
s t i l l  within the prescribed limits. 
f l i g h t  temperatures could reasonably be attr ibuted t o  the existence of free- 
molecular-flow heating a t  the l o w  perigee. 
been present had the Explorer X I 1 1  orbit  been as  expected. 

An analytical  study indicated tha t  the high 

This heating source would not have 
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