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Analysis of publications shows that the term "advanced power
plants” may refer to the following power plants (PP): high-power
steam turbine or gas turbine power plants (like SNAP-50),
medium-range nuclear PP with thermionic or thermoelectric
conversion (like "Topaz"” or SP-100) as well as some other types of
PP (for example, solar PP with energy concentrators).

For excessive power rejection into space from space power
plants (SPP) or thermal control systems of spacecraft (S/C) or
their 1life support systems conventional radiators are used:
flow-through radiators (finned tubes through which a 1liquid or
gaseous heat carrier flows) or heat pipes operating in autonomous
mode . _

The radiator inlet temperature may vary from Tu = 300 to 1200
K. The radiator specific mass dependence from Tb for conventional
radiators (both, in-use and advanced) was derived from the

mericar data and is shown on Fig.l.
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This cdependence is described by the formula:

My =1 S-EQNE TR CREPTOY K,

whicn means that ths radiator mass per 1 m® zonst: tutes
a: timataly 13 kg I the entire tempesraiure range
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lcate that the DSR specific mass (mb) may be 1.5-2 (or even
more) times less than that of conventional radiators.

Besides, DSR are practically 100% meteor-proof. Here after
there are presented some theoretical materials from [1] and
experimental data on droplet generation with Jet nozzles obtained
at MAI.

A DSR scheme is given on Fig.2 with general designations. The
following parameters are introduced:

Droplet concentration:

L l/b3 = 1/d323 , Where z = b/dr

Droplet micro and macro cross-sections:

EEiey 2
O, = I-nVr

» EZp = Npe0,
{ - proportionality factor according to the Mie theory .
The stream albedo:

characterizes the flow optical properties.
he stiream cptical thickness:
T = Zré
Jroplet stream transparency, at the stream optical thickness being

t>1
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1 (£=0)
Kp = Q/Qp

which 1s determined from numerical calculations (Fig. 3).
A DSR parameter is introduced:
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This parameter allows t- calcuiate ooth cpiically transparent (t=
Xy, =1) and non-iransparen: {(¢>9) croplet flogs
< .. s

P B e

Te _T__Z (P + 1)-3

radiator’'s efficiency:
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radiating power:

Q = G~Cpr(T1— 1.3

mass of droplets in the stream:

= n
Mb =BLS 2P dr s

roplet specific mass:
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different

o MD g [ dr
- QD G €. © T: ny Kb
the dependence T = -%—fvv constant Pand T and Ny from
Figu.
Droplet temperazure profiles in the stream at
distances X(m) frcm the droplet generator fcr T = 10 are presentes
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Thls inicrmazlion allows te comprehensively calcul

p.,=f(T.), d,. and DSR operation time t.
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ne evaporation mass rate is:
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relative mass of evaporated liquid is:
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Experimental study of droplet generation.

Square-edged inlet nozzles with cylindrical channels

gth 1 and diameter d, were used.
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by the pressure losses due

velocity of the jet is lower than the theoretical one:
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To characterize the nozzle operation the velocity drop
i el i g o
coefficient ¢= t ¢ M e & an
1cient ¢=—gz, Jet narrowing coefficien [?E;] and
flow rate coefficient

u = = gp are 1ntroduced.
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free collapse a = 4.5 d ):
decrease both the liquid volume per droplet and the droplet size:
dr - dc i
LI U 1
This relationship was proven experimentally. The collapsing
length for solid streams 1s much less than the DSR length L.

References:

1. I.G.Panevin. High-temperature heat exchangers for spacecraft
power plants (theory and calculations of droplet-stream radiators)
(in Russian). Moscow, MAI Publishing House, 1990. 62 pages.

W :
o iR P oW Bt
| ; - it A
| ‘\ | ! r’.:__;‘: ______ Js—/ S
'\"s { 7: ‘l [l'
| ; | T 3 sl
(0 L—-—:m \\ l ; ! il rl
>4
[TTU,.i ! z X
: X dx
T L
0 o
| |
| ?\\
i %
| \
t i L
() et '.,____I__I_____..____.&,._.___
R
&y o : l
0-% | l !
| |
|- | |
'j"- : : l
' b af EC 2 1.¢ i~00
T.K
2 AR rig.2



B EE EE By N U AN By T BN EE EE BN EE N A S W E.

C——— > — O o o o

>
AL
il /| o
\“‘m\ﬁ .4 #.. an
T Tl A i
! ! h,‘ "
o i A\,\\w;fﬂl o T TR Y e . > »
i b ) DS I o)
7 (g w :
o -
,... \ \
& PSS —— t—— 4
e e \ MONCNINRS m e - — O
W A G | G e s i R JOR IR TR Y P MR
B N |
| | x | | N By s |
> -~ ——Jo il S, (B Y A, R Ve T e, TSR P o)
L ER RS LT RN .
o
&
w : © TEE 0= -9 0 < D O e @ e
>l \
[ , 3 jrr ! J he
| g | | | _ 7 | _
S _ | ‘ | * | P, il /
5.2 Bt . (ST :1'..” ,_ | s
b f f R o RS R ®
1 i = | { | = q A7 ~1 B
pos ‘F o ‘_<_ W N \+\ \\\ H | <
O .3 S B e, WO IR | 9 | Wosiie: i | 3
O | o r S - R e o g bo T " -
(v0) <, / Y | i ! 3 . | | oy - Q Q- o
/| AT 8 | | M s
! = sl | - e Sl | |
1 ¥ i (] 7= ]
/ | | | | | | T —
J ; _ / ! ,, i ; | < O o o o)
eyl g 1S .‘?L-hu, i ., i ! le - — e —— e~ Ro S o - O
¢ i | | Pt i el i1
= | | | — —
ﬁ g _, :/:“ 7 W) — - Lo o O i
_.,.,.l-) g \M\{bfl’o T i | I, —— - . o o ,
~ o o o ‘w M “
b
— —--- ——y——y—— o
e J,
% E i ‘! i e 10—
.V.v - §o— - _ .
|3l g [ :.b\l s
b R i ﬂ‘ll Gy, #p— =
| | “ 7.\~ . =
i h e -% (Jawﬁl ~
. \A 4% | .
o 1 d & °
\ ,_ H\A :
= ST 4 T )
W gE =
Loy Rl
o il i ! | g
” ] ) { =1 .[_v O
A | e
|
KL« ,L‘.‘LO (.
5 : s G 4 o e s






