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Temperature Control of Man—made 3atelli~e

~4u Ling—yao

This nrt .~c1o a~te -pts in the form of dialo l”ue to discuss why does

a man—made satellite need temperature control, and the met~ ods and principles

of t.e :eratur e control .

A: Today we would like to ask you to talk about the prohl~nis of

temperature control in a man—made s-itei1i~e.

~ : lhat should we becin with?

~: Please , ~~rst o~ all , toll us ~T~~ T does a nan—made satellite need

t ’~nperat .’~re control.

B: The roas~ n is obvious. In a satellit,e , t~Tere are var~ aus kinds o~

ec~uipnent which can function normally only under a cei ta in~kind of tempera-

ture.  The situation is just like how we treat our daily used instrtrients.

In the hot sur’.mer , we use fans to c~ol ~~o roon where thc instruments are

loca~.ed , and in the winter , we heat the room in order to ha”e anpropriate

temperat re required for the instruments. Some delicate and fine instrument

m ’.st be put in a workshop of c--nstant temperature to work. Otherwise , the

property of the instrument will chance , it s  lire will he s iort and the

in~truxnent itself may bec-’me totally d~’sftnct4 ona1. It is even more so in

a man—made satellite. ~n . instrument made of rermaniurn semiconductor, f~or

example , requires iork~ n~ temperature no higher than 50°C. A phot.ocr ’nductive

photopraphic tube cannot work normally when t~ o tea~erat’ire is above

40°C. The increase of tena~ rat’we by every 100, the electric !ty generated
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from the solw battery will be lower bcr 5~ . When the temperature is above

100°C, the generation of the battery will drastically reduce. The nickel—

cadmium battery will shorten its life if’ it continuously works under hi’-~h

temperature, and if it is charged under low temperature , the internal pressure

of the battery will cause the battery crack, and Its volto~ e will become

low when the temperature reaches a certain de.ra~ee. Generally sae1 -Inr~, the

equipment in a satellite permits the environmental temperature to stay at

+ and — 40°C, namely, the highest degree is not over 4O~~ . and the lowest

is not 40 below zero. The nickel—cadmium batter~r ,sec~ i 1nr~r ener y source and

ern~tters all have strict temperature requirement , so the environmental

temperature must be ~ 1aranteedtn be 5—40°C. .

A: This kind of en~r~ronment’il temperature requii ement, I think, is

easy to be met , because the chnnc~es of outdoor temperature in a whole ~rear

cannot r’o beyond the limit, of + a d  — 40°C.. And there should be no dil’~’1cult~’

0to have indoor temperature at 5—40 C.

B: What “ou are sa~ring i~ the situation on the earth. The environment

in the air is ve~’r much di~ ’ernnt f’rom that on ~~c earth. The onv4roa--ental

t~ pr’~ ratur e on t~e earth is mown as “air temrerature” that is the ten’~
erat,’iro

of air. The ten’~era~~u~n di ference between daytime and ni ht ~s only about

several de~-rees or ten sor~c’ derrees, and even 
following the seasonal changes,

tho dI”~ere ce cannot 
be more than a few tens of der-rees. 1~ reover, a~r can

have the function to ro~ula~e the te”r~’rathre of 
instruments and equipment.

By- artif’iciai ventilation, th~ instrument end equipment 
temmerature can

be narle —il~-iost sa-e as that of the a~r. 
tmut, in the sky ~*~h above, there is
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almost no air , and the temperature equals to 40 of absolute temperature , th at

Is a dark space where the temperature is 269°C. below zero . So there are

tremendous chan~’es of t,enperi ~ure in a satellite when it is in such an envir-

onment. If’ ftore is no measure for temperature control, when the sun shines

upon +he satolUt,e, the tennerat ~re on i~ shell cam be as high as 122 or

20O~ C. When the satellite enters into the s~ ade o~’ the earth , tho tenmera ture

in !t can become as low as l~~ or 20fl~ C. below zero .On th e  side of a satellite,

-.-?hIch is ~~cing the sun, ~~e wa
fer c~n hen~me hoilincr and turn into 

ste-vp ,

a d  on the sd e , whi& ~s ip the shade , the w-i~e~ can ‘breeze ~nto ice (see

~‘i-~ure 1). The to o~ a~uro dl ‘~~enc e on tw~ di”~erent ~ ~os af a satellite

m a y  reach 2°C)~ . In orde-~ ~.o ‘~a~nta~n a s~~ tah1e tea- -‘ra~-~re ~ar the equipment

in a satnlli~~e , a ~~~~
‘-

~
- ‘  ra~~:re c~ -~tm~cl s~~~em Is 

• n snonsnhJe .

A: The temnera ni-e con~.roi n ”st cm in a sathllite, I sunrose, is

composed of e~~ e”-i~~ -c fes~inr components, ~lec~ronic óutf~ts, and temperature

nr1~usttng dev~ces. T~’~ tnanoa~~ ’n’e estin~ conrone~~ s c~~’ be usod ~o test

the tenm’~rature in the satelli~.o -I ~ s r The tor’-~-’r-~~ure and the

te~~~m’-m~~re adj s~~ni r1e’-~ces a’~ all ~ -n t r ”~l~~~1 b~r the e1ectrnn~ c ~nstrt~ ne~s.

I” the t’-~m”eratn -e ~s too ~~‘;,a co— J ar Is iise-~ to cool i~ down, -‘ad ~~ i~’

I~ too low, a heater is used to ‘ e~ i~ u n . So in a satell~~e, tHere cam

be a temnerature as requ~red .

B: Well, what you are sa”in- is the way that en he ‘Ter~ 
r~on c1 and useful

on t e  earth , hut , It Is tIi ~~icult. in a satelli e. ‘~ecrnise an automatic

contro l system will consume energy , esneci-dl~r a tenne’-at .u -e adjusting device

consumes a great amount of eleotrici v. An electric resistance heater or I -
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a e’~’-ling can , for example , will use

~.
, 

~~, ‘~ several tens of volts o” electricJty.

‘1 ~ 
- ,~V “ They can increase the wel r-ht and

-
~ I

complica e the ’’orkin~ system in the

- sat elli~e. Thus th e  reliab lit~r of the

Fimie 1 The tonpe”ature sa~ ll
i4 e can become low. So this so—

di°f’erence is “em~
~n a snt.oI i~~.e } ‘~ een t~e called initiat~ve or active temnerature
s d e  f’ac~ n : t’e sun and the
side or~ osIu ‘ t,~-’ sun -ontr’~l rv thod is not se~’”’ieea~-le to a

sate ’.J.ite. The teminnrnt’ire cc ‘ol met :ncl

nf’~en used in a sat-.ell~ te is a passive ~ per~ ‘ire e r’-]. method. is

aethod 1 ’ns n”o’e’l t~ he a -i ~ e~ul nn,l s1mnle CI ~~‘ol aethod t r~:i-” m a - ~ r t~aes

or- rrac~ Lmai~ uaos~ ~ne o” 
‘ s c a acte:i~~~cs is f , ’~~~t it can make chan’-e

‘.~it ±n a h a t  rr - ’ — ’t’  nd ~r the e r v i r  ‘~~ o~~t~~1 ~‘~ni C~’~~’ ‘TO i~ a sateilite .

The rea~ n t -‘~t ~s ae~~ d ~s caUed 
ttn~~r~~e mode L” is because ‘h at it uses

no ~ermn “-I ’~’:~~ th~: ~~~~~~ r~~’- o ’ u ’ nor ~•~~~-r a ‘~-e a i .~~Iflc. dev ce, so it’

cannot .in ’t~:i~ ia ” o-’ - ’ c. ~T ’ i y  ~o to ‘e”thol. It e’-nsumes no enorr -v nor w~ll

‘ .cre_ ~sr- 
-
~ T w~~’ ~~~. It controls the tc ’ -: ~- r a’~ -e onlir by nea s of the na ’ nted

l-t~.-’r on both c.xt,c’~~ ’~ -
~ :1 ‘itn n-~], ‘~r ”~cr u 0 ” the I astrun - - t cabin and

the ~-i .eil1 ~e •-~- d ~: p i-~s~n .LJed inn~~ a ’ ria~ ‘-‘th’ ~~.

4: Ple~se tell us aorr Jn ~etail about ~ r’ na~~~ vp e “e”aturp control

s ’ ~tcm .

B: Certainly . The essence of’ a pass~ ve temperature c— ntro l  system ~~

that it scientif’icallv organizes the nrr-c~ss of heat absnrh~.na and h eat

rale-i~ l.ry- of’ a: satellite. It enables tb- te ‘eraturc in ‘he satellite to

chair-e wlt,”in a required limit. The w’-rk of a passive ter:1p~~at.u-’-~e c,mn + rol

IA ~~~~~~~~~~~~~ 
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s”stem e n  be h ‘
~~ e ’i’,’ swm~arized as follnws : “absorbin’~ less -1~ d releasing

more ”; “‘sharing ~ u-~ hu~’den e -- ~‘n l’~” ; “ isolating inside 4’ro’~ out .si 1 e ” ; end

“ dIschar~ing t o  surnlus he-th ” .

The te~mperat~ re c ’~~~’~n in a satel1i~ e is the res’~lt o~’ heat absorbing

a d p eat ~eleas ’~-~~. The heat hh -~t a. satellite can absorb comes from f’our

di f”-’ront sources. The t ’i rs ’ one is the sun . The heat that the sum radiates

to the satellite is ahou b 1,400 watts r-er sau-~~a “no te:- . U~nc1er the condition

of lar~e orbit i~ china : ion and hth-h altitude , the satel l i te  will be shone

by the sun in the ‘, . rhole cycle of orbiting. This situation sometimes can

conti nue for a few days , weeks and even one month . ‘Je nera].ly , in each cycle ,

the satellite passes the shadow of the earth once, which constitutes Y~—4~T~

“he time for orbitin~-? one cmrcle. The t ime for an equatorial s nchronous

sate].lite in the shade constitutes only 5~ of that  “or one cycle. So It

c - ”  be said that mos t o ’ the time a satellite is exposed to the sun. The

second s— ’urce is th a t  while a sàtellite Is being heated directly by th sun,

it also at the sa’ne time reco ves~ solar heat re clected hack “ram the earth.

‘T ea 4’ from these two sources constitutes more th an ~ JJ~ of the total ou,antity

of heat ~~e satellite rec& ved , a d  r~ re than 60~ of the heat the satellite

absorbed. The third e ‘lrcc ~ e the earth , which is a low temperature heat

s urce and sond out radiant heat , and the satellite constantly receives t” iz

kind of radiant u ue at  from the earth . The strn , —ht o ° cart- b radiant heat is

about 190 watts per sqar e meter . The fourth source is that the instruments

4 in the satellite radiate heat when they are ~orhin~, and the heat is about

several tens of’ watts per sqar e iieter . At the time when a satellite receives

heat, from these four different s urces, by Way’ of its shell surface, the

satellite d~schao-’es heat into the cold soace. The sit~atidn of how a
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sat ,r ’h lit e rece i ves boit is i1J .:ist,”at,ed, in Fi r-ure 2. ‘rn~” the heat ~v -~rccs

en+~ ’-~ned above , it can be known that the main force that re ulates the
tat

temperatur e ifl a satellite is t~ e absorp t ion o~’ h eat aod ~t-he major heat

source is the sun . So the’ pr’Imar’r task

of ‘ enpcra~ ur e control Is to limit

4 0 absop ’~ on of solar heat h~ the

- satelli~e. i’be nr ci~’ie of controllinc.

F’i ”-ure 2 Diar-r~tm of a sn~~-~,h i t e  th s- tell  t o  is “ abnorh4n~ less and
recei~in heat

r’iLoasin~ ~ere t~.

A: W h at ,  do ~-ou mean by “ab~o ~‘ i~ 
- 1 es~ -nd r” ca inr~ m~ ‘e”?

~: Don ’t ITO U ~:no~1 ~~ ~ cople ~ic.na ‘‘h~~e or l~. i~~ C ’~C1 d o  s ~n s~~~er?

A: Thcnuee th~ ‘~“ite or li--~t e~1,om’ ~~o’ 
~~~~~ e-~a a- ‘~~~t ~os~ e~

~-m ~~ no -ml aho-lrh only a n---’ll ~ar’ of i4 ’, So I t  n-d:c” s ‘
~‘ -nb “cal c

‘c :iea:’ ~rb~~ e or li~ t color cbo~’h c.C in c.u’ -”n’’ (so- ” ~~~ ure 3) ,

“-‘: -~~~ 
‘ 

•-

13: “ -‘ezr ~~~~~~~~~ 
u
1~,5 fully ea-r’~n~ na’l “ 

4\\  / . - .

- 0” bno”~’~ 
,
~
, 1 r” ’l _

~~~ ‘] ~~~~~~~~~~~~ ‘~r-~”r ’~’ — 

~~~~~~~~~~~~ l~so ” momma to absorb less solar -eat ,~~ - \ ~~~~ -

fr--n -he sunshine , and “rt’leaninr m:re ” me-inn to .

release more of’ its own radi’~nt ~‘e- ~t.  This s

:T’ e:ir:i ::::; :~t:;~.1,
1
~T: 4

-u ’ ~ t, layer ‘has lo~ heat absorbance . The

-r’ount o” solAr heat absorbed by ‘the paint Fi-ure 3

layer can he indIcated by absorbance. The ener ’-y c~’ emittinr- radiation hea t

o~’ ‘he paint la’ er equals to that of ,hs~ r iurr  r adiat ion heat -“d the ma~~it ’:de
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can be ind~cated by radiatIv’~ty. The rat io o r- abaorhancc a ‘I rnrU , et i~Tit y is

called ahco”rt~,on~radI~tIon ratio. When the aher-rT”ion—ra”i- “inn rat’s o is

it -~e-~an that t ” e  abili” ” of the paint la~’er to absorb solar heat is

small and the ah~,l~ ty of emitt .inr b eat is ‘-reat . After ho external surface

of ~“ satellite shell ha” nc been p-a~ntod a raint layn:-’, it will ahnonh

less solar heat ahd release’ rnöre radiation heat when the satellite is in the

suns me zone , so the ~enpernt ’ire cannot become t — ~ ni~’1i (see n’i~’-nr e 4)~

~: Then, :,‘--,t ‘~s ~ sharing the burden

low t nmner ’ ,urc on t?~e side w~ ~c1’ is in the
~i-uire 4 Dia-r-’am of “ah noahib-

shade. T4 ’ -t - i n to rna]. su~~’mce of ‘ 10 sntelli, ’ e less a d reiea:n~:’ -~ rnoro~! The
unror ~emnera ,1re control

chell is na ’ nt ed a pa ’ at la ’T~-~’ of hi -h radiat i— paint 1,m ’r- ’ mh norbs leon hr-a”
but releases morn . T p lo~zer

‘n t’,’, aucc as black lacquer, it cm ’  help ‘be  part ~r ithout a m int,  layer
absorbs more boat but reloaces

exc~’ - n  e a ” r’i ’J -:tioo heat i n  the sa’i :eLi ‘ 0 , lesn.

ar -cl mahes the irn ~,e: nerat -re p-art release nor’ 1neat a d the low “‘-‘-rnma tnre

‘art ah: irb ‘-r u heat . Thus every ’ mar t of the whole shell ~r~ i,l sh~ rp enmal

eu ntit of heat , and the temperature differe - ce is thereby much lessened.

This is the so—called ~ sharing the burden evenly” (see ~~~~ -nrc

- A: After tT O practice of “absorhih- less -tad releas5 ng more ” and

“s~ari~ g’the burden -evenly-fl, “-~~~° to~mnera~ure cannot become too hi-h when

the satellite is in the s-in~ ~ me zone . Won~t t he  t r-neratur e become too low

when the satellite is in  the shady zone?

i_ 
_  

_



o In the shady zone , bee u e of

the absence of the sun, a ma 1n heat 
-

source , the te- :peratur e will definitely 
‘ 

~~.,
‘ 

‘ 
,

become low. k~t ocn~- . u~e the r diation
~i ure 5 fli,a~-ram of’ “to share the

heat of th e earth is olna,~r-. t” aae , the hur The ev’~m] .~~. The bi’b temr-eratnrn
rar ’-- on the surface ~~4’ a satellite

ino truron no in the na t a l?  Ito can also “ r~ ms “or heat to “he low temaeratur~
a-nat no as to o e n  the tnm--ri r ’- ture.

‘enerm e some heat , -
~ 1 t, ’ e ‘nhell of

the su -i t r i l l i t ’c en: rr’,int”in none n-’lar ‘c” t as tY~” -  t ime of’ ho in g  in ““no shady

zone ~~ not  i a ’ ’-’ . so ~“ o tn ”oc ”- n ”a1iru c-’-unot become too low. O~’ e.- ’urao , t ’~ s

c raf ’nl o-,’eul~” ' ion -m~ a ‘-i’ai~ n ‘~m a’t a C”” . T” “h e t-~r”~’~rmt~1ro

t”’- o” '-’~ 
- no ~~ - 

~~~~
‘ - “'‘-• ~~~~ “ a ~~r-~~~11’~ 4’ fl 1 lo’ner li’-’it . t ‘Till a” an~e to

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘-“ “- c  ‘ a ’ : ” ~~~~~~~~~~~ 2” utu - “ ‘n ~~-.‘~‘‘, m,re I’n t,he s’iosb~ ne zone :‘r~ll

r-0. _ .
O

~~~~~

e “~~~~ n ‘
~~ 

‘
~~~

-‘-
~~a- , u . ~~~ ‘, 1il he~all~~~’~’t if the

‘ ‘na ” ‘‘  ‘h r  --“a- ‘“ “1 p- per ~,~a-I’ • ~~~ n~ ’~a~~irr on t” 0 external 

“f ’-”n” '  o r- ‘h” O~~,~~ l? ~c d l in no ’ o”'ly deter-’~~aed b’ ‘h o aba—r ation

~

a,1i ’ thr.  a — Y -  “n the p ’ i n t  l-~~cr an’i ~e athe of the ~a~ er , it ‘s a]so

related •o nur - ’ : f- ’ c”~ ro an ~~~~ Tr n -th a ” ~““ u” t” c o’n-nn ’~~ np  sane -“ mci the

oh’- ”~ z ame , ‘~~a dj i ” nc ’ ion o6 a”fl sh inim a a ~
‘ the att i tude of’ t,! e satellite.

With res.~nc
t to SUC’ h prob lems as what, is the proper ahsorp ” ion radiation rat,io

a :d  wha t  is t h e  proper size of t o  paint Layer, it requires comprehensive

calculation aol analysis. It also needs e~~erinents in enviro~~ ental simulation

experiment field where the simulation of sun shining is possible and con

‘iaa-e high vacuum, :ard low toa-’-eroture a, ui dark smace. By careful design and

c-,rc ”ul pr—c esainf ’ of temperature control paint layer , it is poosthie to have

the 8urface te ’merat ’ure of a satellite shell not over + and —

_ 
.- ‘ - ---~~~~~~~~~ 1

—
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A: Of ma n an—m a de satell teS , I know, t i~~ su~ell is a f . tO C u 0d r i th

a s ‘1-i’ nott er’., ~i - i ch  eari ‘e’ ,o”’a~,e electric
’
~ ”' by means of ahs’rbin~ solar

l~ 
- ut ~, and “ up -n t  cu ”” has stro’u- s - ar li- ’hb abs-urbin” phi? ‘ ta r . As a

r e smit , th e  a’ir faco te un Jra u’:e :‘iuSc be “ery h~r ’  ‘on to so?~ e such a

oro~ em ’?

3: Tb ” n rroh1 ‘-a- cam be solved by pn~ 
,~~~~ “-“ orbin less and r e lp a s i n—

norn ’t • On the one hand , 4 ’ ’ e nu” ’f” ',e-o ~ 4’ ~~1 up  soLar bather~” is co,rered by a

n eco of “-lasn lid , ‘c: ‘ic i ‘ -s ‘ u i t h  rmd~ -~t,i’ t” Th~ s ~lasn lid w ’ll not af” oct

“he nnen atrat,±o n of s’-’lar ii. ‘ht , but it  cam h, n1r to ar”-’~o” e tb”' ‘

-- ‘ ‘]) “- -
. On thr - ~~~~~~ hn ” -d , aa ”e o r t  a t’ “he nur”m cu -’ a.~ a-um d t o  — o l — r

is n”’-~~n’4 a -‘n ’- ”' la -- n ’-’ . ‘-° “-~ c”' “he ab-nrn ” 4 ou- u “—c -14 - ” t ” ,ou- - r-”t4o

— -, ““~n ~-‘~ “-t ] ‘ ‘-‘ 4 r ‘ r - ’~ “‘a “ h p- 1_di ”u n i o ” ’  a-la n” . Tao

th ‘— ‘r-”a~’u-’ o -“ “ ~be soLar - ‘ — -‘-- “-‘-n -”- -tm ‘
~ a ‘ “-u . The a-n ” u-Ic bo”' ’~-~ of

“ h o  n o i “~~ ““to”'’, ‘ “-— i -“ is used to O h— u T  4-h
0 lLa”c”~ an o ” “ho sup~, is uuain”' cd

a ma in t  l~~rer ’ of -i -’: ra ’ ”’-- ”ty -t its h — Y r . Tt , Can t ’-ereh~r help to onmand

h’ boa ” — ~‘ -“:is ” ‘a 1- im p -“ ‘  ‘~~“naj ~.e 0” “releasiar -  ~ —re ” . Thus

t i n  ~c~~-” - ‘-“e  ~~ ‘h o  n’- 1 -’r h ’  ‘ a c”m ”-r ’ ’H e~ not 0-- er

~: Tb” ‘a” “~~~~~~
“'‘ - a :“‘~o] “ i-: ” la-ma- so’m~ s a-or” useful in a

“— ‘-‘-- ‘—t u— c ao’i ”m’ol n ’-n t , r-r-,, bu~ I I n 1” . ~~“? :‘h- t hi ‘a’ ‘0 na ’ nt ,  la,rer is

un d th a  mist, no: ,’?

‘° : L ’ hc -“niu’ ut L a y - a  of i-’w ~h n - r -  ion ra-l intion rat io used now in  s— ace

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ °:‘~~~~~ I a i” dr - n  ni l  er_po~~Ttetr ’ifl aroet ,hyionc , alurnimum_

~~~~~~~~~~~~~~~~~~~~~~ zinc oxide , silicate white lacquer . The ” r strong

“'o~, -u ts ire “,h at t”-’y can l a st  lon— ~ in “be n p — c a  environment an 1 th-’t un ’er

~-h -’ act~on of’ u ’a.’~” ” ' ” i e n  of’ solar ultra~’ci1a ” ra ‘iou-I snece eh?-n”-ed nart~ eloa ,

9
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th~~ r pre-’c ’~ty ‘i ’ n  nor much no “'‘ “ va ch- ”' u ’ e. T’ ’u -ioH :1 la-re ’:. of ‘H ‘di

r’a H ’ t i v  ‘u- 4 ’a’ ‘ - ‘ H - n  “r-a-u ru -’l ,ene l ’h - ’ma — cane’— -nail a t 1  c”i ca-’i l ’ ‘i - ’ite  ?a.cauer ,

a ‘d ph-at - a” low ” -r l ’ n ’~~ ” t ~ ‘ n ui’u ” -’ ll” ‘ -— -‘p “ -11cm 1r -uia -  ‘- 1-- ted f~~n or

‘hlv a~~] I ’ d rmt” 'l, ‘mum ” m”'-1 c’ -‘H’ n l rn~~u ’u-n , conne r an’ s” ”  “ ‘ ear ’ stee l.

“ou~’ no n ial l  “-‘ u ”’ “‘ -1-” to ~~“ 
~~‘1a 

- “ isolating ins~ ‘e ““cm —‘io • 
~~ a ‘Li

“d ’ scha~ ”ing “Ii ” r-u;-— ’i, - ’s u ’ ,0’H’~

A: About “isoloting i n n ’d e fr om ~~~~~~~~~ I tI -in ” ' I knory a’

T a ’ no ac ’ :’ c— t ’r ’— -- — ~~ — I ,“ —a ”o ” ‘ a u-H ater , “ ‘a ‘x-’ -’4~~ “ a t —  ‘i a ” ],~ t,2 t he

‘ rnru’u ’Hr f:’a”- n ’ :“ on” . T~~ nn- ’ ’”'”'’ “lie b’u-”_i”r a” ’ ’ l r ” '’n pa ” a -

box “,o 4 ruo lote the autn ’ ’4 e h -n t  “— — -- Z n- n —- —-a-tam ’ i,nn id ru

t ’ ’ ’ r ”- -u-r . ~‘--‘in “ m a c - mo or - n  rn-Ua”’ , -ia a n,rn ’m “ ‘ 1  t\Yarm Tn S,Ta tPr nn 1

en d  ‘i s,i ’ - ‘- ‘ “  4--~~s “ a 1’-” 'u -u— ” n -”’ ~‘ e ~ ‘-‘t’ nri o” “‘ n ’l-” - “ a ” ’~ n u n  a ”” “0

e ‘‘ - O ~ 0 ’ t~”n cu t ,n ’ da l’,era -’om-n ‘ re . So u-c an the a - H a  ~~c ‘on nr-u ’ ir o is

‘ an -ic ‘ -e c’:ve or ce ”r’ , ii ” c ” n n ’ l , r be 2 ”1°C. on- so : :- 1 u e - 1 t, ”e - ’:u ~ n d e

~ea’c”o u n  i - - a ’”  on 10 or 2 0 0 . “plo -i zero , ns •) o  Hn”o i~ c n  —a ] ”  be i”

u 1r- ir ~~ ’i,~ -- ‘ “a’ o~~ ~~~~~~~

B: The method of”isolating ins de from out~ide ” I :  a ~ - ‘ii’- el] ,t , ”~ ‘ er’a ”e”~

a no H,ro ]  ~~‘r~~ 
- cr1 s ‘to ii’ “~rui ‘— lp- en i ‘us,l’n ~,inr’ mat.e -ial ‘a wrap up

ho s~ ’b~~1 ‘Hte or l Ie  !“ntru”uo it cah n I,’ it. Th’~ ni”-t’.he:i “ s ‘ -on ‘ ‘- used

in H’uc t- - ‘un -en - u - ire o “‘ l- rol o” the I :ust ” -uc ” -’ -i eai’t ‘. Ta on-il a ’ a -‘‘ ‘ - ‘n-or-er

nn” nn’nn’ - i ,t - ”H ‘- - n a ’ ‘ i i ’ ”  ‘‘n” “he i ’ust~’ui- - - ’ “s , it o 0 -“1 cn ’ Iec~s “he

stan::-- 4-i. ~n one “ a--ui -u -‘el ‘ n otalls ‘in iniope - ia -ut ,  tctn-’er - ’j ’ure control s’-ntem

there. The m aul- ’ ’ ~n - nat-’r ia l  in ui,a u ,Io of if la-~,rers of doubled—face

itluminurnized ty,1,on “TIm -and 19 i-’ -u- --”s of glas~ “ma r l  c iar-or (sc’e ‘~~~ “mire 6 ’ .

-~~~ -- ~~~~~~~~~~~~~~~~~~~~ ~ i_



The su -’f--nce radiativity of the double—face alum inized tylon film is ver’r

low. This material does n t absorb heat nor releas& heat. The insulating

mb ’ lit~r of ‘lass fabric paper is high , so it is not eas~, r to conduct hea t .

The envi ronmental tern--uoaature OUt S ” ale the nstratment cabin is the ter-iera’tur e

of ‘Hie internal u ’-urf - ”ce  of the satellite.

- After tb-n satellite s1~e11 bein~ f~j i “double—face 
I 

-

a p o in t  la”er , the teiii— - - ~~~~~~~~~~~~~~~~ ~aA~
n
~

nized t~ 1on

perature 1i~ it has pressed to be - 
-
.

+ and — ~Z_ ,e0 C.. If the sa tellite - - 

-

shell s r’-”ae I 1t’~ n n — ul”’ ”~ r-” /

materia.ln , the -‘rer tu - -e scale ,, 

- - ‘ - 

- - - -

glass fabric paper
of “h-  ~uut ” r”:-’l siur f’- co ‘n i l  be -

saurdilem than t - “' t, ci’ the  extornal n-i-mire 6 Diac”’am of in-l-- ”in”’ inn ’ i c
frau-u outa i~ e . “~ vacuum then-a-H,

nru — t ’- m~~. ~~,ea toe i, - ’atrune’:t cabin s :cst a in im~ cle’r ce of a thermos
bottle (ni ht) n-ide of two

is  wr-n ”nc ’ ‘ -z i t I : a ’- ’,uy ’ layers of ‘ nsu latin-- mercury pl-u ” ed layer s. T’c~ nol
a’uot-uinirn de”' cc of’ -a--, I a struruent,

r-ua te”iai , tho scal u ~~~~ ‘rrnmer n’;uro c u-un ~ o c ab in  (left) ar’de of’ o’l,ass f ’nhric
paper sandwiched by ‘lnub1e—fa.~e

wi thin  the cabin --iill be fan smaller ‘han aluminized t”lon film.

the tomp ’arat ire nc-nle o~’ the internal surface of’ “he  shell . Zn ~~~~

u r ~~t, b p the cal-Han there c-n m he full of inertial air “-o e”on the t—m- ermture

of’ dif”f’erent n-arts of the cabin so as to rcal .i ze ah - rniun ~ the t en’ er-’ t are

evenly.

A: Can the method of i so l-ut in ’  inside from outsi’~e isolate ~~ u e ‘eat.

produced by the instruments from “oinc’ out and mahe, t ’:r tjnin--eratur e in the

cabin bec -r u e hir”t’uer and hi~’her?

B: this is just the problem which ca’- be solved by using the “-ou”th

H 

_ _  

,-

~~~

, 
,, 

_ _  _ _ _ _ _ _~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~



r 

method—— ” discharging the surplus e~ ~~“ The outs ide a the anstru~ment

cabin cannot be completely ~~‘aoped wit h insu1at~ ng material , and there

must he same mar t on the sur °,-uce , which is painted a paint  layer as a

heat—dif ”usion plane. The surplus ‘ -eat wit -in the cabin can he then di s—

char”’ed t,’rou ;h tb  ~s p 1—ru e . ~ “ aelec ’ l ’a-’ -i an-one” size of heat— di”uss~on

niane and a ‘t~ ’H rut i-u a ‘ -H tb  nro: nn ra - ‘i’iat~,’[ ty , t o  4- e:”re”a~”re iii tIn e

cabin c-an be well controlled h”i—e-, 2)_ 4 0 C . .

A: If ’ ther e -un-c n-an” inst~nn-ic”-”4- n in 4- ’tae cabin -inn t n ,~ are :- ,-n’-’ Inin”

‘nterui n ” ent l” , ‘I i - -  “ .Lu:ctua t~~on 00 - a-:t- —i”creas’ ‘a~ ‘ -ii 11 he ~~e-’ ‘ a~ T” t - -e

‘e a - i ’ ,~,pd + euar a , rature scale in  ‘ -he cabin is n-nrr”w , ““r i- ’n ”- -ra ce , I t -  is

5—Z - 1 C . ‘-“'en- a - a ’ ann ”4 t - ia r , “ a t a 0 --‘u- ri 4 ’ - - ’  ~‘, —“nn-~”-t,”tre c-patrol system

at, ” 11 ‘cod ’? 
____________________

Cf c”- ” n’ ru c “in ’ . ~ i’pr -- ““'t ori “-‘a

thc o u t n t d e th:~ 
,::::~: :t,er 

______________t nun Hu e t,hen-ri,a1 flnc ”a’tat- ” on in th e  cabin ,

tI -one can set a Jenoti’n”’ blind on tl’e out.- - -

F’i’iire ~ ‘ -“r-m of ‘‘ no ’
u~ 

1 e of the hea~ _ ’iiP e us’l on plane . Ta o al-u-s 1-, - ‘ :-‘rrp iuun -

1hn n ‘emr-’ ra~ure is
ci i’ “‘ ae b,u:’d aiua~- he nr “I’- cnt ‘ -ci th a ‘t~~~

’
~~

’ at, Ia -- er “i— ’ , — re ’ - ~ -r ’ e i e t~ a”
4’~1e nu 4’wa:’

a ’ low r ui i~ntI~~ ~-‘n-. There is -u -Li ub l e  metal nr”aln’ - e-n~ — r - r ’ i Ia ” ] , ’n s “‘or ’.
.re n ‘- r - ’ ’~~’ - - , ’ ’  u n - n ’ s ]‘-w ,

“a le of’ two ,Iif’f’er-’ a ” h” - ’ds of’ met als w1aic” ‘rt ’-e , a ose 1 ,0  l- ’ i iui ’. 4’ -‘

‘H-n-” - -d - —‘‘ - —n ’ - ’
‘~~~ o’- ’e-’ t ox’nm u i a H m  00e 0” i ,C OflC V . One ‘nd of’ t h i~~ n

sp r i ’a-  1 3 c - - i  ea r- -i the u-tall n~ the 1, -s t -a-pu -aunt caM —u , a ’- t n ’  c t ’ r-r r rmi  in
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- - - -
~~~
-

~~~~~~ ~~~~~~ “-‘~~~~~~~ ‘ - - ~~

c ’nnec ed with tb’ slat of the blind. This double metal spninr’ is a

t,~-u”n eua ’Hrn ’r aenni’u ~ agent and also an executive a”ent . - Th er -u the temperatur e

j un t)ae c”ubi:’ is chma ’-ulu’u ’ , th e  sprinr~ -r i 11 expand when hot and shrink when

cold. t~ie to the “act that t,”e two rneteis of u-i 1-ich the spring was made do

not ch-un---e un it ’ormlv , the spring becomes bend~ n~ and °ur her develops a

postion e’aan~-- ’ .Thereby t I e  slats of’ “-ho blind are dr 4 ved to make turn and

ch -t u ’e the radiativ±ty of’ heat—diffusing . ~-fl-ien the tem — er -utu r e is high , the

set of s l at s  of the blind will open to disclose t b -  heat—di~ f’usion plane

—
~ ich now has a h ir -h  rad~ativi ty, so “ ‘

“ heat d lf” u siua - -  is fast,. When the

ter -o ’r ,r at’Lre is low, the blind closes and the  auir ”ace of the slats with a

low r~idiativ ’ ta’ is facing outward , so the au-t a t ,i t y 0~~ }no-a t— di °”uain is small.

‘j ’ H s ‘ r i - - r i 0” c-’ ‘trol’ met-hod can autornat~ c-u i,Il ’- re”-ul-ute tb- ’ nun ‘+ ,itnr of heat

dif’f’using. so it ~s in i’ia t~ve or nc1’v e. T t needs no ~~er’y source , if

t ,herc f’nre ca tleul  “nojirceless im~t-~ -’t-ive or oct ’ Vcu temperature con +- ,rol~.

A: T i e  u ,aasraive ter ’ avura ,,ire control m”n I sr-urceless init iat ve or active

~em rr~’ratuur e  c- ’nt-rol need rio electric “~~~~, ‘icr temperature re~~~!-- u~’, ion eo’ui punen t .

They re-ally h-uve “c ch-i -oac ” r”IstJ,cs of’ being simple, economical nd e””ect’”~e,

so ‘he ” rn - -rese a t an o u t s i — n  d ing °eature in t h e  space t”mpera 1’ure control

t echn -” lo-~ r. ‘~zt, I wonder whet ’ -or or not the  needs in satellite temperature

control can he satisfied h~r only those two meth-’ds as you mentioned above ’?

B: ‘-Jo. Certainly not. Those two methods —in ’ only good for a

satellit e, in r -nh i ch the change of heat qu-untH ty 4 s snail, -‘nd “he permit-ted

“'-‘-‘a ra 4’:’u-e scale is large , on~ they ar e “ooal for othor sru ”~ee era”ts as well.

3h’a’ul ,d the heat s”ur ee in the sitellite pr-o” 1’r cr ’ a —neat qumunt i ” y of’ h oo t .

_ _ _ _ _  
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-l t-h~ c” an ons ‘ure dr as t4 c; i~ “eculres a c” an ton t  4 or”r- -ra~ ’iae control , and

tin ’ p annive  t-e--merat-nre control or “he so’irceless i” - t ’ -a lye or active

te ’r ’- ’r-i trun - o c~~’ tn-ol cannot s~ tis~’u-r th e r en ,u ir emenf  o f’ a so 4 el,lite tpnir’pn’-a ’- ’ure

c,~rr t ro l . “n’1~-r suc” oircrir’st,a--c~s, ‘ ‘ e nutoma ’Jc tempera~r ur p control system

as u--on ment , c’n,e, at-  ~~~ e u
~e ‘I ’ifli 0’ 3 0  u ’l ’I he nod . m en ” 1cs , soni c of ~ he

infrared a r u - u b i n - ’- ~uas’tn -urnr ’nts a satellite renu~res sneciall” low tori—

oo”a””re ~ ‘~v ’ro~ ’--~ u u ” (i~’e ” O . ~~~~~ zero). Th~ a h ind  o~ ~e~-u ’or- ’~ - ure can he

obt a ined  cur l ’ .’ t n on - -h s - - C  s- -ac 1 - u l ar -a- ’ ‘c-e n’ . ~cec~ut J , a- it, h’s developed a

now ‘n -hod , a- ’ in ’ un-es “ah-”ni-ul - i i ’ ,’” “-o a - ’  n u ] , e a te ‘-“era ’ u u l’-n in a

satellite . ~~~“ a u~~u-f n-o f od c’ua carry out “h o - ‘u-n ”-ram of sha ’- ru ’inr  t,h ’ burden

j ea-onl-- and -‘u-ihe t b - a  t , ’un a ’c ’r -r tan -rn e’-en in ovc’ ’’ ‘art of a satellite .

I
(Drawi ” i’s by Li Chia)
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