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Aa evaluation of the use of lal as the primary coolaat for the SlAP II sys-
teiB is to he uadertakaa* Paapiag power liaitations based oa the M«re«ry 
Bankiae cjcle are to be analyzed* Probleas pertineat to aay design speci-
fieatiott aodifieatioas are to be rsviewed. 

II. STOMABI 

Tlie use of eutectic iai (22^ 78) will considerably siaplify the SHIP II 
veMiele iaetallatioa aad the test program* It is recoBaended that the 
reactor teaperature differefitial beincreaeed^ to 300"F» HoweTer, adopta- • 
tioa of laK should be contlng&^^^^^^^^me&iil 'veri?icatiW^^^^^^;ial 
gap pump ooaoept aad confiriaati'Ott'*'̂ Ĵa HaK pmap will requ4,r# G^^^^Kor 
•odifications to the C1U« *i.,'-.'-.<ii 

The possibility of utilizing a lo^'gMz£a£^poia,t ..la£,^«%^^<^^^^^-.»a 
as the S M P II primary coolant, ̂ ^«3?f f'Iry mttracti¥e» 'Priaaril^^the 
use of laK would elifflinate the aeed of speeial drain and fill capability! 
partieialarly with respect to the vehicle launcli iBstallation. It ie prob-
leaatieal as to whether frozta sodiaa within saall diaaeter piping can be 
staccesefttlly preheated by line heaters# In addition, most certainly the 
developmental aad emriroasental SHAP II test program ean be considerably 
simplified. 
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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 evaluated. i 

TABLE I 

Density 

Specific Heat 
Viscosity 
Electrical fffify 

Thermal Conductivity 

#/ft^ 

BTU/# 
#/hr-ft 
microhm-

cm 
-BTU/hr-
ft2-oj' 

(IIOO»F: 
(SO-F) 
(1100°F) 
(1100»F) 
(1000°F) 

(1100«F) 

Melting Point /^ ay 

Na NaK(56.l4) NaK(22.78^ 

50.5 
60.6 

.30 

.52 
29 

56 

208 

+̂8.0 
56.8 

.25 
Ak 

75 

16 

68 

+̂5.7 
5't.O 

.21 

.38 
77 

15 

10 

The use of NaK (56, kk) appears to be only a poor compromise. Accord­
ingly, only the use of NaK (22, 78) will be evaluated relative to Na. 

For a thermal power transfer equivalent to 50 kw, the following primary 
ooolant flow rates, pumping powers, estimated pump efficiencies and 
Hhaft power requirements have been established based on a system pres­
sure drop,of 3 psi. 

TABLE II 

Na 

Flow rate - #/sec 
Pumping power - watts 
Pump efficiency - peijcent 
Shaft power - watts 

NaK 

Flow rate 
Pumping power 
Pump e f f i c i e n c y 
Shaft power 

100-F 200'F 300°f 

! • 

1.58 
- 18 .^ 

k 
460 

2.32 
29.7 

•79. 
9.2 

*6 
153 

1.16 
14.9 
•1 

1490 

.53 
. 6 .1 

"'' 10 
• / 6 1 

.77 
9 .9 

•2)6 
396 

Thompson Ramo Wooldridge has estimated a 6% and 2 )^ primary pump ef­
f i c i e n c i e s when u t i l i z i n g respec t ive ly Na and Nak at flow rates approx­
imating ^^.75 # / s e o . As y e t , there i s no experim^ijitftik• vgglaCiAg^^n of 
the£ie numbers. 

TRW l e t t e r dated 30 April 1959 
^ 
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The effects of various primary coolant pumping power requirements have 
been graphed as a function of system boiling pressure on Figure 1.0. 
The following conditions were used. 

Alternator output power 3*6 kw (electrical) 
Alternator efficiency 80?̂  
Bearings power .600 kw 
Turbine efficiency 30% 
Mercury pump efficiency 23% 
Condensing temperature 600*»r 
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 250F. 

For the same system characteristics, cycle 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, con­
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 NaK as 
the SNAP II primary coolant justify the developmental delay caused by 
changing the pump design. Thermodynamically, the e|rcle 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 a slight increase of weight, 

827 04 
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tv. APPENDIX I - CYCLE POWER REQUIREMENTS SAMPLE CALCULATIONS 

Thermal Power P » P_/Hf 

9 » 10.8 @ 100 psia 

I a 13.4 200 psia 

=15.9% 400 psia 

for Turbine efficiency » 50% 1 
Superheat temperature a 1150"F 
Condensing Temperature a 600'>F 
Subcooled - 100«»F 
Enthalpy change ^143.8 BTU/# 

Turbine power output P_ = P + P + P + P-

P a 4.50 kw (80% efficiency 
alternator) 

P a ,60 kw (bearings) 

I 
P„ IJ' 2P X .948 X psi x .1 (25% efficiency pumf) | 
^ l43.8 100 

P a 0 - 5 kw (1% efficiency prim­
ary pump) 

Required thermal power - no losses returned to cycle 

P " ^A * ̂ B * ^H * Pp 

JJ 
Required thermal power - losses returned to cycle 

p' * .2 P^ . Pg > .75 Pg * .99 Pp - PA * ̂ B * ̂ H * ̂ P 

9 
100 psia boiling condition - primpary pump » 2 kw 

1 P a 4.50 • 0.60 + .002P + 2 1 
.108 

a 67.0 kw 

P' a 67.0 - 0.90 + 0.60 + (.75 X .002 * .67) + 1.98 

a 63.4 kw 

1 ^ ^ ^ H?7 05 
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