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TABLE 0. - GPU 3 ENGINE DEAD VOLUMES

[All volumes in em? gin, %]

Expangion space clearance volume:
Clearance around displafer. . . . . v v v 0 v v v 0 s s 0 a0 0o w s 3.34 (0.204)
Clearance shova digplarer . . . . . .. . .00 v n i vt v muswoa 7.41 (0.4B62)
Yolume from end of heater tubes into cylinder, . . . .. .. .00 o0 L74 (0.1068)
Total . . .. 12.49 (0.762)
Hester dead volame:
Insulsted portion of tobes leading to expansion space . . . . . + s+« 9.8 {0,591)
Heated portion of tubses . . . .« 0 & & @ 0 @ 6 4 6 0 6 0 v 0 - o2 2 a o 4T. 46 (2,836)
Insulated portion of tobes leading to BTEOT . . & = & + - + » + » 13.28 {@,811)
Additional volume in four fubes used for inftrumentstion . . . . . .. 2.74 {0.167)
V¥olume in header . . . . . . A BT ok ey T o Ll e ++ 4+« T-87 (0,468)
Total . . . . BO.B4 (4.93%)
Begenerator dead volume:
¥Yolume between regenerstors and beater tubes . . . . . . . . .. x . B.75 0.534)
Volume withinmatrix. . . . .« &0 00 0w 0w o e e R 5080 (3,088)
Volome between regenerators and cooler tabses . . L L . o 0. . . . . 8,16 (0,%76)
Total . 65,51 (3.99)
Conler dead volurme;
Volume incopler tubag . . . . . . . ... i v st v annmnnna 13,14 (0.802)
Compresalon—epace clearance volome;
Volume in connecting passages from cooler tubes to
COMPTrEEEion BPACE | . . . . & v v s s m v m e e s e 12.57 {0.787)
Clearance around power BIEIOB . . . . . 4 4 v v o @ v s s v e e oe 7.3 (D.449)
Clearence between displacer and power piSton . . . . . . 2 o v « « « 1.26 {0.077)
Total . 21,19 {1283
Tﬂmm‘lﬂm: ® & ¢ * # * & ¥ & ®F ¥ & T T @ # m * 3 W B P B B & H B 193-2 {11"1‘91
Minimum live volume fpower piston st TDC). . . 2 o 4 v 4 2 ¢ 4 =4 382 {2, 38}
Calculated minimum total working-space volume . . . . . . . . . . 232.4 (14.18)
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Figure 4, = 4elium engine performance as function of engine speed and mean
compressiin-space pressure for a heater-tube gas temperature of 650° C
{1200% F), Water inlet temperature, 1% C (56° F).
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Table 3. Performance of the Philips-Allison engine for satellite generator [Z)

Engine speed (rpm) 3000 2500
Mean pressure (atm) 100 100
Heater temperature (*C) G660 660
Cooler temperature (*C) 65 65
Thermal input (W) 16,970 15,000
Indicated output (W) 6230 5920
Piston leakage + friction losses (W) 700 700
Windage (W) 790 660
Other mechanical [riction (W) 610 510
Shaft power (W) 4140 4050
Shafl efficiency (%) 244 27
NN 4.1
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Figure 10. - Energy balances for two mean compression-space pressures,
Working fluid, helium; heater-tube gas temperature, 650° C (1200° Fi,
engine speed, 3000 rpm,
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250 500 1000
AINA C, (kJ /kgK) 1.003 1.029 1.141
1 atm plkg/m’) 1.412 0.706 0.353
M=28.9 px10°(kg —ms) 15.99 26.70 41.53
k x10° (kW /mK) 22.27 40.41 67.54
lalasiay | C,(kI/kgK) 14.05 1.029 14.98
1 atm plkg/m’) 0.098 0.706 0.0246
M=2 #x10°(kg —ms) 7.92 26.70 20.13
k x10° (kW /mK) 156.1 40.41 452.2
G C, (k3 /kgK) 5.19 5.19 5.19
1 atm plkg/m’) 0.195 0.097 0.048
M=4 px10°(kg —ms) 18.40 29.30 46.70
k x10° (kW /mK) 134.0 202.6 -
ANTLIAL C, (kJ /kgK) 0.791 1.014 1.234
lopenlas  Pkg/m) 2.145 1,073 0.536
1 atm 4 x10° (kg — ms) 12.60 23.67 39.51
M=28.9 k x10° (KW /mK) 12.90 32.74 67.52
lati C, (kI /kgK) 1.855 1.954 1.141
AUALLAN 1x10°(kg — ms) 9.42 17.3 0.353
M=18 k x10° (KW /mK) 18.80 35.7 41.53

66



Inefl C, An AMNAANFIUIUNITIB9NANINAUAIN (KI/KGK)

£ AR AMNULLULIEIATNN9N(kg/m )

u
k A8 ANAINTINAIN TR U941 N9 (KW/MK)

AB ANUTLATBIE1IN91(kg/ms)

67



