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STATEMENT OF PROBLEM

An evaluation of the use of NaXK as the primary coolant for the SHAP 11 sys-
tem is to be undertaken. Pumping power limitations based on the Meraoury
Rankine cycle are to be analyzed., Problems pertinent to any design speci-
fication modifications are to be reviewed.

SUMMARY

The use of eutectic NaK (22, 78) will comsiderably simplify the SNAP II
vehicle installation and the test program. It is recommended that the
reactor temperature differential be increased to 300°F. However adaptama
tion of NaK should be contingenl Umental very

gap pump concept and confirmatién
modifications to the CRU,

ANALYSIS

The possibility of utilizing a laﬁ%£?ﬁ§§%§§gysi%& 4
as the SNAP II primary coolant, rs very ‘attractive. Pr
use of NaX would eliminate the nee& of special drain and f£ill capability,
particularly with respect to the vehicle launch installation. It is prob-
lematical as to whether frozen sodium within small diameter piping can be
successfully preheated by line heaters. In addition, most certainly the

developmental and environmental SNAP II test program can be considerably
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Originally, the decision to use Na was based on the estimate of a
very low primary pump efficiency. However, it would now appear
from the TRW analysis, that the new axial gap pump concept can pro-
duce better efficiencies when using eutectic NaK. Additionally, if
necessary, the pumping specification can be improved by decreasing
the system pressure drop and/or by decreasing the primary coolant
flow rate.

Listed in Table I below, are the important properties of Na and Nak
which must be eva;uated. :

sure drop.of 3 psi.

imating ~.75 #/sec.
thesse numbers.

* TRW letter dated 30 April 1959

TABLE I
Na NaK(56,14) Nak(22,78)
Density ~#/tt>  (1100°F) 50.5 48.0 45.7
(60°F) | 60.6 56,8 54,0
Specific Heat ~— BTU/# (1100°F) +30 «25 .21
Viscosity ~ #/hr-ft (1100°F) 52 bl .38
Electrical Pe5it; ~ microhm- (1000°F) 29 73 77
Thermal Conductivity»vBTg/hr- (1100°F) 36 16 15
fteaop
Melting Point ~” oF 08 68 10
The use of NaK (56, 44) appears to be only a poor compromise. Accorde

ingly, only the use of NaK (22, 78) will be evaluated relative to Na.

For a thermal power transfer equivalemt to 50 kw, the following primary
coolant flow rateas, pumping powers, estimated pump efficiencies and
shaft power requirements have been established based on a system pres-

TABLE II
Na 100°F 200°F 300°F
Flow rate - #/sec .1 1.s8 W79 1T .53
Pumping power - watts - 7 1844 9.2 BT
Pump efficiency - percent A R *6 1710
Shaft power - watts U 'Y ¢ 153 o 61
NaK 4 Ca
Flow rate 2.32 1.16 77
Pumping power 29.7 14.9 9.9
Pump efficiency .- . 2%
Shaft power ——— 1490 396

Thompson Ramo Wooldridge has estimated a 6% and 2¥% primary pump ef-
ficiencies when utilizing respectively Na and Nak at flow rates approx-

As yet, there is no oxperimummgsmn of
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The effects of various primary coolant pumping power requirements have
been graphed as a function of aystem boiling pressure on Figure 1.0.
The following conditions were used.

Alternator output power 3.6 kw (electrical)
Alternator efficieney 80%

Bearings power 600 kw

Turbine efficiency 50%

Mercury pump efficiency 25%

Condensing temperature 600°F

Superheat temperature 1150°F

Subcooling temperature 100°F

Mercury pressure drop 50 psi

Thermal power requirements have been equated on the right hand ordinate
into the required radiator surface area based on an emissivity of 0.9,
a fin effectiveness of .95 and a sink temperature of 25°F,

For the same systenm characteristics. ¢ycle thermal power and required
radiator surface area has been graphed as a function of condenser-
radiator temperature on Figure 2.0.

For the cycle conditions already specified, it can be seen that a lim-
itation of the primary pump power to less than 1 kw is necessary to
meet the existing 110 square foot radiator area.

In the advent that the axial gap pump efficiency is lower than expected,
it is possible that either the primary flow rate or the system pressure
drop can be further reduced. The decrease in flow rate would be at the
expense of lowering the available boiler driving temperature differen-
tial. The reduction in system pressure drop can be accomplished by an
increase in the primary coolant flow annulus of the boiler.

A change to NaK must be conditional on investigating the possible re-
quired modifications to the CRU. It is expected that at the same flow
conditions, only minor modifications would be necessary. However, cone-
firmation of the exact CRU changes should be obtained prior to any final
decision.

In summary, it appears that the advantages of using a eutectic NakK as
the SNAP II primary coolant justify the developmental delay caused by
changing the pump design. Thermodynamically, the eycle at the speci-
fied conditions can accomodate primary coolant pumping power require-
ments not exceeding 1 kw. Tt is recommended that a 300°F temperature
differential, a 3 psi system pressure drop and use of NaK (22, 78) he
specified. The final decision to change to NaK (22, 78) should be
based on (1) The experimental verification of the existing axial gap
design and (2) Confirmation that only minor modifications to the CRU
are involved. If necessary, decreasing’ the system pressure drop to

2 psi can be easily accomplished with only s -8light increase of weight.
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TV. APPENDIX I - CYCLE POWER REQUIREMENTS SAMPLE CALCULATIONS

Thermal Power P = Pr/g

§j = 10.8 @ 100 psia

= 13.4 200 psia

15.9% LOO psia

for Turbine efficiency = 50%
Superheat temperature = 1150°F
Condensing Temperature = 600°F
Subecooled = 100°F
Enthalpy change = 143,8 BTU/#
Turbine power output PT = PA + PB + PH + PP
P, = L,50 kw (80% efficiency
alternator)
PB = .60 kw (bearings)
A" .
P, = 2P x ,948 x psi x .l (25% efficiency pump)
i E}.S 100
PP 2 0 =« 5 kw (1% efficiency prim-
ary pump)

Required thermal power - no losses returned to cycle

P = PA+PB+PH+PP

y

Required thermal power - losses returned to cycle

1
P+ .2 PA + PB + «75 PH + 99 PP = PA + PB + PH + PP

5

100 psia boiling condition « primpary pump = 2 kw

P = 4,50 % 0.60 + ,002P + 2
108

= 67.0 kw

PP=s 67,0 =« |0.90 + 0.60 + (.75 x .002 ¥ .67) + 1.98]

" NCLASSFIED

=

05

0
-

730-v-45




~_UNCLASSIFIED

| A -~ ¥
ot oy ! ! T TR * . a :
! ] T 1 ) PRS « T T T SN e s dhetae s °
w e e} )w T T w ; .. W— ® M 4 . N ‘ux. ) WY .m \ m ax:vM M [ . M [ ] d -
: o o Lt g ivaay ryawpey i G- N @
. wuw t R - 4 - ?!\me?in! mf» [ L.m-!i. I s S 1 : JW = VM »Vwrlrst»i. 2...¢ - »m ©
o 01T .l A - | ; L LAl | ~ < ;
Y R 3 SN BENREE - B U B R ﬁ
- S SO { | . . b ! B !
L.M 3 w ] v T ‘ w y v hlonl oy » i § o
R 3 S B mﬁ.‘& _ » ) m f ; ﬁv ] w y . m * ,*uAM : ﬁ\.lfz
I - . AU R
; | | S-S WU B VS 5 MU T
L » oy : v 1 B Sl
og . ) *)w . H ¢ N 47 N + i 4 ) =
s | “.» H ‘ - - I . ] : ¢
R 3| "m; SN T N I D
- m ] DA e . i m -
= 1 CobL ] z M o | ! e
£ 3 Lo - oy § ' e R
«TE e - oy i NS L “ x
3T ¥ TNETTT T TR
¥ F w - - - N w i - n 3 - w - _.x WE
l“ ! a “ ~ . / * m m - . ai
SR u T * : R
1
M ~ e ! -~ /N “ » . S
. . - <>
U U TS o NN SNDURTE R SR P : w M / . % r
M‘lﬂ u n “ ) -~ - + T ‘r Al*/ e g e s — :!l!.l.l!.olowl\t\:.m‘ wvf»\llri i)llwt}lav&l et b -k w M
emuav - ;o - T - t H - . M I ‘ { WN
SRR W . N , L B WA
S ! i 4 i um } ..r -
> 2 M x.,w - - M i- w ) w | ‘ i
s§5§ . SRS R I NS R R AR N e S R
A i e ! } t ruA M ] - X
' t : H e T PG TP
WL& S RN M } B w i . : + X , ) . m t b N N M
Q W i , R A S ol B o ) =, .
R S BN el e T
£ S S B R R w N -
> 4 ! i ! _ ! ! ' | T
\ . | * ' M / * w “
; : s
.I.M i‘“|§&1 B i et e i e e AP £ D X w “
; ’ SRPUUIRCEUURS SR UONIIE SN M
M -~ \l“” 4 ! [4\ / / w‘ ' 1 o
H 4 - ¢ s 4 : . i
~ ! . ! ! o w :
FEDN : { i N _
t W . 4 ! i I i
N .. t - Voo § N ; ’ 4. i o
T zM -w + -tm e : \ » '
SO U0 SRR SUUUPUIR S - JUU SRS % L & L M. ‘
‘.\‘\M ] 1 X \.t!wll..}t — m— tf%l!}ll\.t.!#‘!)x.e. {,M i TS Sk ae e 3 - B S
SRR [ U S o ey 7 M N
_ m ,M¢ R m m.\“ b m m %‘.%x UQ i ) ”r ! w
{ td | i ‘

voa e dir Y a4 34 S

AT S % ENOERL LT X4




>

t
!
§
}
+-

p“&n
LY
1
4

m : T - T T
+ 1 1 ¥ -
T ~ { T ! o Vo o
Pl i & - ! + ! |
o * 1 i ; O
e ,t(;$41 4 I e e wi = ——— ey 7[
by . m . W/r } - R ! .Y o
3 N | ﬂ - TS
Ww MM / | i B N ¢
; i { . . ~—
=22y =FR T UND ! C R
. «‘1 - B e w.s w e e s o — ltlt;/«cﬂri -—— b - g e Rt 3 (W
M&JW » > w o P;[ : s - f 7/ - b . ; N~
) Vi ¥ L : ! <
=<q ~ QX : A -
BTSN S TSk P m
¥ du- !
" '
N

4
%
f
}
]
- r .
%,
i
kwa-

- -

P e

i

b aoe o

V)
AFOR

T
&iw
P
QT
‘
p>)
-— -t
i
)
}
i
S NS EDING SUUNES VRN NN I

ALTERN,
§
%
i
-1

*
Py
4
e
¥
I3
-~

g »~ % m ™
E . X N SO - . N ] . -
i <R y ti\w g~
‘B X Nk A %
. x * ' M L 3
. -~ oy S e S  FUNPINGNI. SRRy W‘\A
: i
- - e $ - : m ! /N k - M
B
Q
AN

|
-1

r

1

¢
e

!

i

4

4 i

m w H x/; m ”
o er i i M - T " 1~ i © w
» . H 14 s % t 4 ‘ .
i ~ ¢ 4 w i
i i 1
o i T e L Tum s BT
t * / E
IR | NN I
\maanes 1% « W m ma M n . ™ " - 1W4
+ u i N
: , g * I ! ! S
}
.wsL-LWéﬁ




*

"~ UNCLASSIFED

ION

H

F. D. Anderson”*
H. J. Brightman®
F. H. Clark®

D, J. Cockeram*
M. G. Coombs*

M. V. Davis*

H. M. Disckamp*
R. R, Eggleston®
J. V. Facha®

L. D. Felten*
I. Grossman®

W. A. Hay*

W. I. Hayes*
R. L. Hirsch*

C. E, Johnson*

J. L. Johnson*

K. Kallay"*

T. E. Kapus*®

R. D. Keen®*

J. G. Lundholm*

L. I. Moss*

E. Eo Mott.‘

M. E. Nathan*

C. M. Podeweltz*
J. Reichman*

M. E. Remley*

S. R. Rocklin®*

H. N. Roasenberg*
G, L. Schmidt”*

0. P. Steele*

G. P. Streechon*
A. W, Thiele.

R, L. Tomlinson®
A. E. Tucker* e
H. P. Wagenbrenner* )
R. L. Wallerstedt*
L. A. Wilson*

J. R. WOtCh.

S. G. Wogulis*

2 Extra Copiles

¥

oML asaaaad




