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SECTION I—CALCULATION OF REQUIRED TRANSDUCER 
 STANDOFF LENGTHS: E.T. STEWART



Pressure Transducer Stand-Off Tube Length Estimates, 12/8/04 
Eric Stewart, Eric.T.Stewart@nasa.gov , (256) 544-7099 

 
These plots are not the temperatures along the length of the tube.  They are the end 
temperatures for a given length.  In other words, to use the plots, for a given x-value (i.e., 
tube length) the value of the plot is the temperature at the end.  The straight line shows 
the target end temperature 453 K (180 C).  The intersection of this line with the curve 
gives the required tube length.  The center curve is the preferred plot with the upper and 
lower being an approximated error bound. 
 
The required tube length is not greatly sensitive to the lithium-circuit temps because even 
though the amount of heat to be rejected rises as the  lithium-circuit temp rises so does 
the ability to reject heat via radiation.  The error bounds spread (i.e., increase) as the 
lithium-circuit temp rises because of the averaging of the end temperature and the lithium 
circuit temp used for both the effective heat transfer coefficient and the lithium thermal 
conductivity.  I assumed that the tubes were radiating with an unobstructed view to 
chamber walls at 28 C.  I assumed the emissivity of steel tubing to be 0.2, which should 
be in the ball park and is dependent on surface finish/condition.  Raising emissivity 
would shorten the required tube while lowering would lengthen it. 
 
The x-axis is stand-off tube length in meters while the y-axis is the lithium circuit 
temperature in Kelvin. 
 

 
 
Figure 1:   Tube end temperature (K) versus tube length (m) for a lithium-circuit 

temperature of 300 C 
 



 
 

Figure 2:   Tube end temperature (K) versus tube length (m) for a lithium-circuit 
temperature of 400 C 

 

 
 

Figure 3:   Tube end temperature (K) versus tube length (m) for a lithium-circuit 
temperature of 500 C 

 

 
 
Figure 4:   Tube end temperature (K) versus tube length (m) for a lithium-circuit 

temperature of 600 C 
 



SECTION J—CART DRAWINGS: T.J. GODFROY



















SECTION K—HEAT EXCHANGER ANALYSIS: T.J. GODFROY



Appendix L:  NaK Heat Exchanger Analysis 
This analysis assesses the axial temperature profiles along the length of two heat exchanger options, one 
measuring 0.6 meters the other 1.2.  The inlet NaK-78 conditions and heat exchanger geometric cross-
section values used in the assessment in include: 
 

NaK flow rate 1 kg/s 
NaK inlet temp 923 K 
He pressure 200 psi 
   
   
Number of tubes 107  
OD of tubes 0.3125 in 
ID of tubes 0.2565 in 
Tube length 0.6096 m 
flow area per tube 3.3337E-05 m2 
Total flow area 0.0035671 m2 
HT perimeter 2.66819391 m 
Total HT area 1.62653101 m2 
ID of shell 5.295 in 

 
Figures 1 to 12 show results for He (mdot 0.1 kg/s, 0.2 kg/s), N2 (mdot 0.1 kg/s, 0.2 kg/s), and He-Ar 
(mdot 0.2 kg/s, 0.3 kg/s) with heat rejection rates of 30 and 60 kW. The NaK inlet temperature was 
assumed fixed at 650 oC (923K).  The He/Ar mixture is 80% helium by volume. See captions of each plot 
for specific conditions.   
 
 
 

 
Figure 1: Fluid Helium (flow rate 0.1 kg/sec), heat rejection 30 kW 



 
Figure 2: Fluid Helium (flow rate 0.1 kg/sec), heat rejection 60 kW 

 

 
Figure 3: Fluid Helium (flow rate 0.2 kg/sec), heat rejection 30 kW 



 
Figure 4: Fluid Helium (flow rate 0.2 kg/sec), heat rejection 60 kW 

 



Figure 5: Fluid Nitrogen (flow rate 0.1 kg/sec), heat rejection 30 kW 

 
Figure 6: Fluid Nitrogen (flow rate 0.1 kg/sec), heat rejection 60 kW 

 
Figure 7: Fluid Nitrogen (flow rate 0.2 kg/sec), heat rejection 30 kW 



 
Figure 8: Fluid Nitrogen (flow rate 0.2 kg/sec), heat rejection 60 kW 

 

 
Figure 9: Fluid Helium Argon (flow rate 0.2 kg/sec), heat rejection 30 kW 



 
Figure 10: Fluid Helium Argon (flow rate 0.2 kg/sec), heat rejection 60 kW 

 
Figure 11: Fluid Helium Argon (flow rate 0.3 kg/sec), heat rejection 30 kW 



 
Figure 12: Fluid Helium Argon (flow rate 0.3 kg/sec), heat rejection 60 kW 

 
 
 



SECTION L—ELECTROMAGNETIC PUMP EXHAUST CALCULATIONS: N.O. RHYS



Noah O.Rhys XD21
noah.o.rhys@msfc.nasa.gov

The following three pages comprise an estimate of the pressure drop along 
the exhaust tube exiting the EM pump housing.  This analysis assumes simple 
straight tubing, no elbows, no fittings.  Actual pressure drop is expected to 
exceed this estimate as components are added to the exhaust tube. 

Page 1: Gas Properties and Flow Rates (GN2, 30 psi, 60 C, 0.1 kg/s)
Page 2: Pressure Drop if 2" Tubing is used = 0.33 psi
Page 3: Pressure Drop if 1" Tubing is used = 10.42 psi

The calculations show that 2" tubing should be specified for fabrication of the 
exhaust tube.  

g 32.2
ft

sec2
Mwt 28

kg
mole

k 1.4 Rbar 8315
joule

.mole K
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Rbar
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=Rgas 296.96
joule
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ft3
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ρ
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sec

Q
mdot

ρ
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60 sec
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=mdot 0.22
lb
sec

=Q 1.69
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sec
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Component #1:  Exhaust Tubing (Diameter = 2 inches)

L 20 ft =P1 30 psi =Temp1 599.4 R

Dtube 2 in Atube .π
Dtube2

4

=Dtube 0.17 ft =Atube 0.0218 ft2

=Atube 3.14 in2

Vtube
Q

Atube
Re

..ρ Vtube Dtube
µ

ε 0.0003 ft

=Vtube 77.4
ft

sec
=Re 1.4 105 =

ε
Dtube

0.0018

Lookup f using Moody Chart, Re, ε/Dtube . . .

f 0.024

P2 P1 .
.ρ Vtube2

2
1 .f

L
Dtube

=P2 29.67 psi

Pdrop P1 P2

=Pdrop 0.33 psi



Component #1:  Exhaust Tubing (Diameter = 1 inches)

L 20 ft =P1 30 psi =Temp1 599.4 R

Dtube 1 in Atube .π
Dtube2

4

=Dtube 0.08 ft =Atube 0.0055 ft2

=Atube 0.79 in2

Vtube
Q

Atube
Re

..ρ Vtube Dtube
µ

ε 0.0003 ft

=Vtube 309.6
ft

sec
=Re 2.8 105 =

ε
Dtube

0.0036

Lookup f using Moody Chart, Re, ε/Dtube . . .

f 0.028

P2 P1 .
.ρ Vtube2

2
1 .f

L
Dtube

=P2 19.58 psi

Pdrop P1 P2

=Pdrop 10.42 psi



SECTION M—REMOTE OPERATED VALVE SPECULATIONS: T.J. GODFROY








