APPENDIX D

DESIGN PROGRAM



aciaanaaaa
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25

TURBINE DESIGY STUDY PROGRAM

THIS PROGRAM USES BOYACK RESULTYS AS INPYT AND CALCULATES TURBINE
PERFORMANCE, ‘
FROM BOYACK RESULTS, UO.NRE., EFFICIENCY, AND R! ARE ENTERED,
ALSO, THE HEAD (FEET OF WATER) IS ENTERED, )
THE PROGRAM Y]ELDS Q, OMEGA, POWER, NO, OF DISKS,ETC,

DIMENSION FLUID(5)

READ 2,FLUID

READ 3, FNU,RHN

IF(RHO) 1000, 1000, 5
READ lolUO'VO'RE'RIrETAoPT.T
READ 3,RO

cons 1,0

D=z,315

RMIN=1,

RMAX = 24,

"RQBAR = RO

HEAD=Q,

HEAD = HEAD + 20.
IF(HEAD=220.) ¢5,25,1
PTRAR HEAD / 2.31%
ALPHA ATANZ(UO'VO)“3§0./6.283185
PRINT 30

PRINT 40

PRINT 6C,FLUID

PRINT 65,FNU»RHD
PRINT 70,UC,V0»RE
PRINT 75,R1/,cTA,PT,T

CPRINT 12, ALPHA

26

120

130

TCONTINUE

PRINT 11.,D

PRINT 80, PTBAR, HEAD
PRINT 90

PRINT 95

IF (RO) 26,2%,27
CONTINUE

DR=1.

ROBAR RMIN - DR
ROBAR = RQBAR *+ D[R
IF(ROBAR.GE.2,) DR32,
IF (RCBAR =~ RMAX) 130, 13g9, 15

OMEG = PTBAR # 32,2 # 444, & 144, / (PTeRHWO®ROBARSROBAR)

OMFG = SGRT (QMEG) ’

OMEGA = OMEG # 60, / (#.,2831853072)

H RE & FMU / OMEG '

H = SQRT(H)

g = 6,28318530/2 « UD » ROBAR # ROBAR « OMEG « W & 60, / 1728,
TBAR = T = RHO @ ROBAR @ RNBAR #» ROBAR # ROBAR # OMEG e OMEG & MW
YBAR 3 TBAR / (32,221728,s144.) - ' .
RIBAR =2 R] = ROBAR



_ CON=.Q
24 ConzCON+1,
~ FL = ROBAR ¢ CON
200 FN = FL 7/ (D*H)
TOR = FN # TBAR
QQ = FN * @
POW = TOR = OMEG / 550; .
PRINT 110,%08AR,R1BAR, PL,H,FN,TOR,POW,00, GHEGA
IF(CON.EQ,2.,) GO 1O 28
1f (RQ) 28.,28,29
GO TO 24
28 CONTINUE
GO TO 120
29 CONTINUE
PRINT 41
PRINT 61
PRINT 96
P12:=6,2831853072
DPT=PTBAR/?20:
KONT=Q
PTOF3PTBAR+(DpTan,)
36 PTOF=PTOF~DPT
KONT=SKONT+1 .
OMEG s PTQF & 32.2 » {44, » 144, 7/ (PTeRHQeRCBAReRQ)
OMEG & SORT (QgMpG) o D o o _
A C 6,2831853974 « UG % RQRAR s RQOAAR & UMEG « W « 8T, / {72¥,
TBAY 3 T » RHQ + ROBAR & ROBAR & ROBAR # ROBAR » OMEG & OMEG # H
TRAR = TBAR / (32,221728,4144,) e S T
TOR = FN o TBak
POW = TOR & OMEZ / 550,
OMEGA = OMEG & 60, / (4.,2831853072)
EFFETEARQMEGeS0. /(CoPYOFaidd,y
QQ=FNaQ
PRINT 111, GJ »QMEGAPANTOR,EFF,PTQF
IF(KONT.EG.11) GO TO 1%
GO T0 36
1000 CALL EXIT
2 FQRHMAT(5A5)
3 FORMAT(2F15.0)
10 FORMAY(7F10,4)
11 FORMAT(5X, 4K [ =FB8,412Xs2HIN)
12 FORMAT(5X,15H NQZZLE ANGLE =F6.,2,5H DEG,)
I0 FORMAT (1H1)
40 FDRMAT(5X,35H MULTIPLE DISK TURRINE DESIGN STUDY,/,5X,24R BASED ON
1 BOYACK RESULTS,//)
60 FORMAT(S5X,5A%)
65 FORMAT(5X,22H KINVEMATIQ yISCOSITY 3F9.4,1X,8HINSO/SEC,/,5%Xs10H DEN
1SITY aF9.4:8H LB/FTCU/) | ' o
70 FORMAT(BX,5H YO =F6&.2:3X,8H VO zFs.2,3X,5H RE =F6.2)
78 FORMAT(5X,S5H R1 =F7.3) 83X, 8N ETA =F&,3/2X ¥HPT =F10,5,2X:3HT =F10.®
1./)
30 FORMAT(5X,B8H PTBAR =FB.2,1X,8HLBF/INSQ)3IX,8HHEAD aFB8.,0,1X12HFT ./}
90 FORMAT(7X,2HRC»5X, 2HRT,5X, 1ML 6Xs 1HH,5X» LHN25X) IHTOR, 6X, 2HHP IXs6h



1VoL FL#5X,3HRPM) , ) ] .
Y5 FORMAT(BX, 4H(IN) 13X, AHFIN) #3Xs 4R (IN) /73X, 4W(TN)» 7X) TR(FY<LBT,B8X, 10K
1(FTCU/MIN) /) _ .
110 FORMATISXF5.002X,F5,242XsF5.2: 2%, F5.4, 41X F5, 0+ 1X0F7 2 IX0F7.2+1%0
1F7,2.2%,F6.0)
41 FORMAT(//,5Xs21H QFF DESIGN OPERATION,/ )5X,17HWITH HEAD VARYING,/)

91 FORMAT(5X,6HVUL FLy5X, IHRPM) 6Xs 2HHR ,6X, JHTOR, SX, SHETA, 3Xs5H
S PTBARY A 10X  SRTUR 2R ORET

96 FORMAT(4X,10H(FTCU/MINY 417X  TH(FT={B)»/) o

111 FORMAT(SX,F7.3: 1%, F7,1,1X,F7.2,2X:F7.2:2X,F5,4,2X, F6.2)

END
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MULTIPLE DISK TURBINE DESIGN STUDy

BASED ON BOYACK RESULTS

L1Q WYDROGEN
KINEMATIC VISCOSITY
4,3600 LB/FTCU

DENSITY =

UD 3 "3002
Rl = J.3n0
NOZZLE ANGLE
b= 0,0150
PTRAR =

RO R1

(IN) (InN)

1.00 030
3400 0.90
5,00 1.50
7.00 2.10
9.00 2.70
11.100 3.30
13.010 3.9[}
15100 4750
17.00  5.10
19.00 5.79
21,00 6.30
23,00 6,90

v0 =

-
-

ETA =79,500

= 1.04 DLCG.

N

17.32 LBF/INSQ

L
CIND

1+09
3.00
8,00
7,00
9,00
1100
13.00
15400
17.00
19.00
21.00
23,00

H

(IND)

+ 0009
10015
0019
0023
0026
10029
v0031
0033
v0036
0038
0040

RE
PT =

HEAD

N

0.0002 INSQ/SEC

4,00
1,%25000 7T

40, FT

TOR H
(FT=l.H)

N.01
0,35
2425
6,51
15,42
2y).65
54,24
38, 38
135057
197,03
277,87
378,11

= 7.1520n00

r VoL fFL
(FTCU/MI )
107 0.313
.28 4,688
098 16,383
228 37,212
4,11 68,538
6.68 111,46y
100U 166:909
19.09 318,547
24.94 416,195
$1.7) 528,963
$9.42 657,664

246

QP M

125892,
4197,
2518,
1799,
1399,
1145I

969,
839,
741,
663,
600,
547,



MULTIPLE DISK TURBINE CESIGN STUDY
BASED ON BOYACK RESULTS

L13 HYDROGEN

KINEMATIC VISCOSITY
4,3600 LB/FTCU

DENSITY =
ug = n,02
Rl = D0.300

NOZZLE ANGLE =
p = 00,0150 1
PTBAR 3

RO R]

(1N) (SIS
1.00 7.30
3,00 04990
5,00 1.50
7.00 2+10
$.00 2.70

Vg =
ETA

1,04 DEG,

N

34,63 LBF/INSG

L

(IN)

1.00
300
5,00
7.00Q
9,10

11.190 3,30 11,00

13.00 3.90 1
15400 4,50 1
17.n0 5.10 1
19,00 5.70 1
21,00 8,30 2
23!00 609” 2

3400
5¢00
7¢n0
9.00
1.00
3,00

RE
PT =

HEAD

N

64,
185,
301.
414,
524.
632.
738.
842.
945,
#46,
#46,
245,

0.,0002 INSQ/SEC

4

8a.

TOR

(FT-1.8)

0,01
0.6Q
3,51
11,19
20,55
52,489
63,78
153,96
234,81
543,31
483,01
658,54

'OJ
525000

- L‘0152000

HF

.04
0-68
238
5.472
1g.00
16.30
24,4¢
S$4.61
46.84
01.2/
77.9%9
97,0&

VOL FL
(FTCUs/MI)

1.375
5,657
19.839
45,202
83,459
136,013
204.063
288,655
390,727
511.126
650,627
809.943

247

RPM

17808,

5936,
3562,
2544,
1979,
1619,
1370,
1187,
1048,

937,

848'

774,



MULTIPLE DISK TURBINE TESIGN STUDY
BASED ON BOYACK RESULTS 248

L1Q HYDROGEN
KINEMATIC VISCOSITY =3 0,0002 INSQ/SEC

DENSITY = 4,3600 |.p/FTCU
ug = 0.32 Vo = 1,10 RE = 4,0y
Rl = 0.300 ETA =79,500 PT = 1.525000 T = ".152000
MOZZLE ANGLE = 1,04 DEG.
D = 0,01%0 1w
PTRAR = 51.95 LBF/INSQ  HEAD = 120. FT
RO R1 L H N TOR NP VoL gL RPM
(1 CIN) CIM) CIN) (FTalb) (FTCU/MIY)
1,00 0.80  1.00 .0007 64, G.32 9407 0,417 21811,
3.00 0.90 $.00 .0711 186, 0,82 1413 $,397 7270,
5,00 1.50 5,30 ,J015 304. 4,80 3.99 22,164 4362,
7.:990 2.190 79’30 v0017 418. 15|33 9'09 5Op57b 3116,
2,00 2.70 9.0 .0020 531, 36,43 16.81 92,504 2423,
11,00 3+30 11.00 ,0022 641. 72,06 27.48 192,555 1983,
13,00 3,90 13.00 0024 749, 126,95 41.19 229.119 1678,

15,90 4,50 15.090 0025 855, 210,066 58.32 324.3579 1454,
17,10 5.10 17.00 .0n27 969. 323,45 79.01 439,449 1283,
19,00 5.7 19.00 .pu29 =64, 473,26 103.44 575,304 1148,
21.00 6.30 2100 L0030 #6867, 666,31 131.76 732,845 1039,
23.00 6.90 23,00 .,0031 »68, 919,08 164.14 912.997 948,



MULTIPLE DISK TURBINE DESIGN STUDY
BASED ON BOYACK RESULTS 249

LIQ WMYDRQUEN

KINEMATIC VISCOSITY = 0,0002 INSL/SEC

DENSITY = 4,3600 LB/FTCU

o =  9.02 ve = 1,10 RE = 4,00

k] = 0,300 ETA =79.500 PT = 1.52%uy30 T = ©.152000

NOZ2ZLE ANGLE = 1,74 DEG,
np s 02,0150 N

PTRAR = 69,26 LBF/INSQ  HEAD = 150, F7T
RO R1 L H N TOR P VeL FL RPM
(IN) (IN) (1IN (IN) (FT=LB) (FICUsMIN)

1,00 0.30 1.00 ,0006 @ 64. 0,62 0-11 0,449 25185,
3.00 ".90 3,00 .0011 187. 1.0¢ L1069 6,811 8395,
5,00 1.50 5.00 .0014 306, 5.99 5.75 23.965 5037,
7.00 2.10 7.00 .0016 421. 19,16 13.4%¢ 54,744 3598,
$.00 2,70 9.00 .0018 S535. 45,58 24,28 101'299 2798,
1110 3,30 11.00 .0020 646. 90,95 6.6 165,383 2290,
13.00  3.9n 13,00 .0022 756. 161,53 59.58 248.547 1937,
15,100 4,50 15,00 .Qp24 864, 264,.,4 B84.4; 352,103 1679,
17000 5,10 17.00 .0025 971, 475,43 114.47 477:273 1481,
19.1¢ 5:.70 1%.00 Q027 ®#76. £93,731 149.86 625,147 1326,

21.00C 6.30 21.00 .0028 =80, 536,45 191.00 796.713 1199,
23,00 6,90 23.00 .0029 =83, 1141,71 238.03 992.914 1095,



MULTIPLE DISK TurgInE DESIGN STUDy
BASED ON BOYACK RESULTS

LI13 HYDROGEN

KINEMATIC VISCOSITY =

DENSITY = 4,360C LB/FTCV
ug = 0.02 VO = 1,10
NOZZLE ANGLE = 1.04 DFG.
D= 00,0150 IN

PTRAR = B6.58 LBF/INSQ

RO R1 L a}

(1) (IN) (1N

1,00 .30 1.0C .0006
3400 U590 300 10010
5,10 1.50 5,00 .0013
7.00 2.10 7.00 00015
9.0y 2.70 9.0 0017
11.010 3,80 11,00 -0019
13,00 3.9¢ 13,00 +0021
150'30 ) 4.5( 15-00 00”22
17.19 5.10 17.00 0024
19.00  S5.70 19.00 .0025
21,90 6,30 21.0C .Qn26
23.10 6.90 23.60 .0028

(IN)

RE

PT =

MEAD

A
il

64.
188.
307,
424,
538.
654,
761.
871,
978.
#85,
*9n.
#65,

0,0002 INS2/SEC

4,00
1.525000

T = 4.152010

M P VOL Fi
(FTCY/MI )
o 14 0.476
217 7,227
7.63 25,455
17.44 58,188
32.28 107.737
52+.74 176,006
79.3. v64.635
112.39 375,074
192.4. 508,615
199.7L 666.4418
254.61 B49.659
317.42 59,254

250

RPM

28157,

9386,
5631,
4022.
3129,
2569,
2166,
1877,
1656,
1482.
1341,
1224,



MULTIPLE DISK Tyrgl & JESIGN STuDY

AASED N4 BOYACK REG.LTS 251
L1 SO0TUM

KINEZATIC VISCOSITr = 00,0008 18NS, /507

NENSITY = 51,2000 Lv/FTCU
L’O = 3,02 yo = 1,10 RE = CERFEAN

kKl = ", 300 ETA =7%,500 PT = 1.525000 T = .,1582006N

NOZ2ZLe ANGLE = 1,04 DEG.

n = T,0150 I

PTRAR = 17.32 LU /ZINSQ HEAD = au, FT

RO Rl L H Iy HERREY Wo VoL gL PR

(1 (1) (I (IN) (FT=L1) (FEICusML )

1.0 AR 1,00 ,07020 59. 1,02 nat D198 3675,
3.0 1L 90 I.00 ,0n3%5 162, 0,7 rel M, 348 L1225,
5,0 1.50 5,07 .0045 257. 1,14 LeBE 5.671 725,
7.0 2010 7,00 053 345, 17,50 1427 21,521 525,
9,1 2.71 S,r»o L0060 42k, i, 05 PRI 38,973 494,
11017 3,80 1Lleur 0067 5p8. Sk, 07 474 62,478 334,
13,00 3.90 1300 Wnn72 585, L1e .8 5.5 72.333 283,
15.100 4.5 1500 0778 6%9. 145,76 7075 129.692 245,
1709 5.1n 17.50 0083 73¢. SR IR 10.34 172,591 216,
19,07 5.70 1%.00  .0088 809, 368,455 13.3+ 223,375 193.
21.00 6,30 21.0¢ L0092 868, TR L4l 16.8/7 281,538 175.
23,90 6.90 23.00 .Qr9s 934, HA4, 06 24.82 347,312 160,



MULTIPLE JISK TURH] .F DESIGN STULY
BASED 3N BOYACK RESULTS 252

LIG SODIuUM
KINEMATIC VISCOSITY = 0.0004 InS./5r0
NENSITY = 51,2000 (B/FTCU

RE = 4,0

uo 0
0o PT = 1.3¢%i00 T = U,15%2070

R1

LU )

d.02 Vo = 1,1
F'.SUO ETA :70.5

0272l ANGLE 1.04 DEG.

n o= L,d150 1IN

PTRAR = $4,63 LEeF/sINsQ HEAD = mi, FT

RN R1 L H ' TOR WP VoL fL RO

(1) (L) (I (IND (FT=LE) (FTCU/ZMIN)

1,00 r,30 1.0 L.oa17 &0, G 3 nepd TL.24, 5167,
3,70 0,90 3.0 .QuU29 167, Lye7 N4 1,487 1742,
5,110 1.50 5.70 0138 266, 7,03 1447 11,939 10373,
700 2.10 7000 , 045 36, 22yt Je2n 25,703 742,
9, " 2.70 9,00 0751 449, 22, 4 5.8z 48,5619 577.
11,0 3080 11095 .Q056 534, T, 9.3¢6 78.11% 472,
13,00 .90 13.93 0261 616, lua 47 13.89 115.864 400,
1500 4.57 15+, 0265 696, 294,78 19.44 162,224 246,
17,90 S.10 17.3%0 .0370 774, 148, 4 2&.0% 217,558 $96,
19,00 5. /6 19,90 .Qn74 8%n. 49,08 3.8+ 232,183 274,
21,03 .30 21.99  .0a77 924, 710,04 4.7 356,391% 247,
23.77 5.90 23.00 .Q0JI81 996. 1227 .13 52.77 449,423 226,



MULTIPLE
BASE)

L17 SODIUM

CISK TURRBT ¢

[

OIN HOYACK RESCLTS

KINEMATIC VISCCSIT~

RENSITY = 51,2000 [ 4/FTCU
uo = .02 Vg o= 1,10
Rl = 3.0 ETA -7%.,500
MOZ7ZLE ANGLE =1, 4 JFRG.
poF 5.J01%0 M
PTHAR = 51.95% LEF/INSQ
FO P L H
(1) (IN) (1M (IMN)
1,00 Hedn 1.0 .NI15
I.0C T2 Sl w0026
5.0C 1.90 S0 N34
7,00 2.19 7.00 W004n
9,00 2./ 990 0746
11.0°0 $e80 110l 51
13,90 390 13.045  .0u55
15,00 4.50  15.pf .09
17 .04 S.10  17.090  .9063
19.00 5.70 19.1¢ 0067
21,17 .33 21.40 ,0070
23,10 6,943 23.0C L0073

JESIGN

STui v

z 0.,0004 [MS, 800

HE:AU = L(’fv‘-
n 1ok
(FT= L)
61 . Hhat 4
17¢. 1,7%
272' \‘\:. \‘,‘(..“
368, 21,76
460, 73,00
548- _‘441\:;
24, R R

717, ALY

/798, chane
B874. 9,15
955- Jél”mt e
#31. 172104

S.122000

VL
(FTLU/MIY

FL

2,269
X,521
15,474
Ir.221
55.0872
RB.774
141,895
164,944
48,85
1e2,924%
Lu7,.747
S(4.453

253

ISR

Ul N O e N

RPM

NO D NN O
N C o

« =

H
O
]

.

N o
NN
RN

235,
3593,

ne
~
~



MULTIPLE DISK TURZINI NESIGN STU v

HASED QN BOYACK RESJLTS

L1 SOLINUM

KINE4ATIC VISCOS!
DENSTTY = 51,230

JgQ = '1092

Rl = 1,340
NOZZoE ANGLE
n o= .,193
PTHAR

RN A1
(1) I

1,17 7,30
g,an 1.90
5,00 1.9n0
7:0“} 2'l0
9,nn 2.70
11409 RIIY)
13,00 3,90
15,00 4.5y
17,0 5.10
19.1]0 5, /1)
21.10 6,30
23,00 6,90

: 690

3/ FTCU

vo = 1,10 RE =
cFTA =77,%00 PT =

1.74 JEG,

i

1
26 LBF/14SQ  HEAD

L H N

(1) (IN)
1'00 .‘J?j.'A’ 61-
$.71  .9queS  L72.
5.00  .0oNn32 275,
7,00 L1038 3735,

-

9,00 nN343 467,
11,00 .ned47 558,
1311 0951 644,

1500 23553 732,
17.07 59 815,
19.00 3162 397,

21.00  .on6d> 976,
23.00  .ng6e8 =55,

TY 20,0004 155750
J

1.52h00

-

—~ -
T

- LY
]

P

~

[
-

FoRTSRe LN Ve NiE¢ SEAGIN SRV O IRV J «b IS

>

T

. [P
E- U MR VR VR e IR B
ZON XN -

Pad

._,,
-

-~ N

Ten
-

P
~

LN

N

—
‘i~

VIOL oL
(FTudsMI )

1,291

4,251
14.667
52,993
60,165
97,078
144,42,
zue. 711
272.4¢5
354,124
448,032
554,674

R [CR

7549,
2454,
1470,
1053,

£17,
£683,
565,
494,
4372,
337,
3913,
323,



MULTIPLE DISK TURRINE FESLSN STUDY
BASED ON BOYACK RESULTSA 2556

LIY SO0DIuM
KINEMATIC VISCOSITY = 0,3004 INSGL/S0L
DENSITY = 51,2007 _Ly/FTCy

uo = L2 VO = 1.1 RE = 4.0
7l = 0.3un ETA =79,%00 PT = 1.5%2u5700 T = 0,152090
NOZZLE ANGLE = 1,14 IFG.
no= 9,010 0N
PTRAR = Ag.ha LEM/155Q HEAD = 2. FT
RA eh L H K T3 HH VoL Tl RP M
1o (1) (1h (1M (FT=13) (FTCU/ML
L1477 2,30 1.00 o013 61, Gt ey 9.5 85¢17,
3.n0 0 J.90 3.ua 0 .23 173, 2.61 Ledn 4,537 2739,
5.0n0 1.50 5,00 L3N 278, 14,99 4.6Y 15.657 1643,
7.0 2+110 7.00 236 377, 47,04 L BE 35.258% 1174,
9.n°7 e.7n 9.0 L1040 473, Ll 16.3 4,359 913,
11,09 $.3n 11.0¢C L0450 565, AR S04/ 1734.0158 747,
13,11 3,9 13.00 L0488 655, A 7 46,40 194,544 h32.
1%.0n 4.9 15.00 .0ub52 743, Do b. 2 DRt 247057 544,
17190 5,10 1736 0055 82A. 502 nle6/ P92 85 433,
19.9 5.70 19,04  L.2759 911, idma,0 0 1i4.00 Kb 4372,
21.00 8. 30  21.un L0622 995, R AR 144.35 441 .69/ 1,
230t 6.79 23145 1N64 %73, EaDCE IR 1/8.79 596,630 357,



MULTIPLE DISK TURBINF " E351GN STUQY

BASED OGN bBOYACK RESULTS 256
GLYCERIN

KINEMATIC VISCOSITY = 040323 INSU/SEC
DENSITY = 79,3000 LK/ TCU

Daie vo = 1,50 RE = 4,04
30N ETA =79,%000 PT = 1,5¢5700 7 = 7,

Uo
R1

>
Lp
nNe
<
D
(ap]

NOZZoE ANGLE = 1.04 DG
n = J2,315C [N

PTRAR = 17.32 LEF/1:R0 AEAD = Gy, FT
RO k1 L H N TR po VoL FL R
(1N N SED) SR (FTel k) (FICUsv1)
1.030 G.30 1.00 eNe4 28, .08 g2 VA 923,
3,00 .90 3.N0 L0354 60, 2.73 el 3,929 984,
5,010 1.90 5,00 .0457 Bz, PRSIRARY 1.57 25,3395 591,
7.00  2.10 7.0¢  .0b41 0 101 3,02 $.1v 0 B91.754 422,
9,00 2.7n .90 .3513 118, 54,04 5. 2¢ 7,304 320,
11.0n2 S.30 11.00 .ni/b60 133, 156,75 B2l 1383.67; 268,
13.09 3.90  13.00 .0/737 0 147, AR DL 11.3% 149,449 227,
15,10 4,50 15.00 0792 159. 406,20 1%5.30  ehS.¢04 197,
17,00 5,10 17.a90  ,9n43 171, 599,56 16.d4 3Il0,994 174,
16,00 5,75 1%9.00 071 183. 344, .6 24.9% 416,566y 155,
21,08 6,80 21.00 037 193, 1148,.3 3p.74 512,892 141,
23.00 6.90 23.00 .0¥85 203, 1517.72 $7.17 618,549 128,



MULTIPLE DISK TURBINE ESTufN STUDY
BASED 2N BOYACK RESULTS

GLYCERIN

KINEMATIC VISCOSITY =  0,)323 INgN/siC

DENSITY = 79,3000 (B8/FTCU

Upo = 19.9¢2 VO = 1,10 RE = 4.00

R = 0.300 ETA =79,330 FT = 1,%2%10.0
NOZZLE ANGLE = 1,74 NG,

D = 1,150 In

PTRAR = 34,63 Lisr/1ysu FEAD =

RO R L i N TuR
1) Crom Creg) CIN) (FY =i tz)

1499 N 10 eN17E 31 0,5
3,90 J. Y0 3000 .0vos 67. 9,16
5,00 191 5.00 .pt04 94, 25,146
7.00 2.11 7,00 g.=5 116, 74,9
9,00 2.70 %.03 .n-16 135, VIS
1100 J.80  11.90 .00 7¢ 0 153, RIS
13,90 3.9¢ 13.00 Wni7 169, SR AN
15,00 4.%7 15,00 P66 134, LV
17,00 510 17,00 0709 198, 1166,.068
19.00 5.7 19,499 N7+ 211. 1648,
21.07 5.5 21000 W0le8 224, 207,05
23-')‘) ALY 2303;5 -(]"24 236, 20610 5

257
T = 01520“)\)

o voL L 3P
(FTCY2 1

:\I‘ 'l() l,. 1\»1(;‘ 4

103/ 11,419 1
4.11 S4., 51
.43 79,3803
435 119,722
21e91 1m2,7768
S1.17 0 299,615
1200 350,355
24.55 455,049
.79 873,891
Ly Do 7u6.?ﬁ24
1i2.30 893,94

4

132,
n35.
577,
454,
380,



MULTIPLE DISK TURBINE _£SINGN STULDY
BASED ON HOYACK HESULTS 258

GLYCERIN
KINEMATIC v]SCOgITY = 6.0328 Ih3n/SEC
DENSITY = 79,3000 LR/FTCU

yo = 1.,u¢ Vg = 1,10 RE = 4.00

RI = ".300 ETA =79,500 PT = 1.%25%(00 T = 7,122210

NOZZLE ANGLE = 1.0¢ DFG.

n s L,01%0 IN

PTRAR = 51.95 LBF/INSG HEAD = 120. F7

RN Rl L h N TOR i VOl rL PP

(IN) (1) (1r) CIN) (FT=-1.B) (FTCUsMID)

1,00 .90 1.006 L0155 33, .22 Le2t 1,186 5114,
3,00 .99 3.00 .0769 72, 7,48 2438 13,523 1745,
5,00 1450 5.00 43247 101, 37,67 734 40,799 1623,
7,006 2.10 7,00 .3411 125, 138,42 15.00 13,684 1.
9.19 2.7 9,90 .0AEE 146, 557,05 2574 143,187 5458,
11410 3,30 11+00C 91D 165, 444,06 c9e3/ 216,927 465,
13,00 3,97 13.90 .C006n 183, 747,09 26.0u 311,437 393,
15,00 4.50 15,20 .grL2 20Q0. 1i5%H.00 /5.67 473,641 541,
17.00 5,10 17430 0640 21%. 17i7.%7 ALK 547,172 31,
19.00 5.70 19,90 w077 230, 2422.7% 14418 690,541 2R,
21.07 6.5 21.20 0710 244. 33001 193.08 €51,153 244,
23,00 .50 23,00 .Cc745 257, 4369,16 135400 #28,967 w22,



MULTIPLE DISK TUREBIME

BASED ON HOYACK RESULTS

GLYCERIN
KINEMATIC VISCASITY
DENSITY = 79,2000 Li3/FTCU
Lo = ) NE vg = 1,13
Ry = 360 ETA =79,50)
MOZZLR O ANLLE = 1,34 DG
n s SR B TR Y
PYRAK = hG .26 LBF/1N70
RO A L j2
{(1N) (1) (IN) (IN)
4,00 .30 1.00 .0145
3.00 He90 3.00 J0eS
5.01 1.50 5.00 .0X23
7.00 210 7400 nSu2
9,00 2.70 g.00 faxa
1100 8430 11400  «gA7Y
13.0r0 Jo95 13,00 0521
15.10¢ 4.50 15%.ny L0564
17.0¢C 5.10 17.00  .0h55
19.90 5.70 19.00 J(edn
2170 6.30 21.00 .0K€E2
23,070 6,90 23.00 0093

SESTGN

STULY

= Dapd2d INSU/Sern

131.
154,
175.
194,
211
208,
z44,
259,
273,

T = v,3520

i vOL L
(FIC /M)
e 3z 1.324
5'6‘ 15-18(‘)
REE 46,074
2.7 94,657
pe 98 167,359
DI HY 34%_685
4.8%  Z54.096
114.7v 4/8 313
49032 625,003
LA 6L Tuh 774
280057 970,254
71 ed7 w73 ,475

259

R

h905,
1988,
1181,
w44,
ns6,
537,
454,
94,
347,
il
281,

287,



MULTIPLE DISK TUREINE
RASED 0O BOYACK RESULTS.

GLYCERIN
KINEMATIC VISCOSITY =
DENSITY = 79,3000 LB/FT1CU
up = 2,02 Ve = 1,190
Ry = n,3C0 ETA 279,500
NOZ7ZLE AMGLE = 1,74 ThG.
L = T L0150 N
PTRAR = Bo.58 LIF/ZINSQ
RN n L H
(1N) C1x) O W (N
1.00 2.0 1,00 0137
3,00 N9 J.0u 00257
5,093 1.5 5,00 Qu06
7.10 2,10 7.0¢0 «DI62
$,00 2.70 9.0¢ 0510
13.00 3-90 13400 '00‘93
15190 4.59 15.0¢ 0029
1-/’000 SvJ.O 17.i')0 QUCTI()”'
19,00 5.79 19.30  .0796
21.090 6,30 21.90 Q026
23.400 6.90 23.00 .0%55

NESTG

RE
PT =

HEAD

N

~ AN
o O

11
137,
161,
182.
202,
221.
238,
255.
270,
286.

[en]

.

STUDY

1. G328 INSN/SEC

Mo
LA fut
.}
()

2,

Tk

(‘-T—L‘))

n,44
11.1739
60,30

174,35
33,15
719,27
l;lll 30
1291,.:9
2730,4
3%an,’
53573,

7
6

¢ 8
7120,53

bt

LA
4.9
ls.1h
<3
EREEM
g1
117418
12850
206432
2bn.7¢
371.67
Irg,.1s

[

i

~ !

L .1520n00

VoL gL
(CTousML

1.438
16.621
50.572

104.,48¢
178.918
274,285
X9n,87%
528,929
608,595
870,047
«73,334
¢98;730

260

AP

6B 2,
2201,
13280,
4%,
734,
€590,
61}8.
441,
3&8,
347,
314,
287,



MULTIPLE DISK TURBINE DESIGN STUDY
RASED ON BOYACK RESULTS 261

L1Q HYDROGEN

KINEMATIC VvISCOSITY = 0,0002 INSQ/SEL
DENSITY = 4,3600 LB/FTCU
Vo = 0.02 VO = 1,10 RE = 4,00 ,
Rl = 0,300 ETA =79,500 PT = 1.,9250006 T = L 152010
MOZZLE ANGLE = 1,n4 DEG.
D = 0,.0150 N
FTRAR = 86.58 LBEF/INSQ HEAD = 200, FT
RO R1 L H N TOR g oL Pl KP M
CIN) CIN) C(IN) CIND (FT-LF) (FTCU/MIN)
2.00 J.60 2.00 .0008 126, 0.d0 DRE-RY 2.65 11079,

OFF DESINGN QPERATIOM
WITH HEAD VARYING

VoL FL RPM P TOR ETs FIpAt

(FTCU/MIN) (FT-LE)
2.906 15422.4 1.0% £.36  ,7937 105,90
2,845 15097.7 .98 0.34 79382 29,57
2.782 14765,9 (.92 £.33 7332 C5,24
2,719 14426.4 r.8¢ .21 .79372 50,71
2,653 14078.7 n.80 .30 .793¢ 46,98
2,586 13722.2 0.74 n.28 .73 82,75
2,446 12979.9 n.62 0.25 .793?2 73,59
2,373 12592.4 .57 p.24 7932 £9, 26k
2.298 121%2.5 £,52 0.22 7932 K4 ,94

2.220 11779.1 047 C.21 L7932 by



MULTIPLE DISK TUREBINE

BASED ON BNOYACK RESULTS

L1Q SCDIuM

KINEMATIC VISCOSITY =

DENSITY
uo = 0.
RI = 0!

= 51,2000 LB/sFTCU

02
300

NO2ZLE ANGLE =
D= 00,0150 ]
86,56 LBF/INSO

Vo =
ETA

1,
N
L
C(IN)

4.00

1.10
279,500

14 DEG.

Al

CIN)

0n27

GN OPERATION

PTRAR =
RO Rl
CIN) {IN)
4,00 1.20
OFF DESI
WiTH HWEAD VARYING
VOL FL RPM
(FTCU/MIN)
9.9%94 22503
9.784 2202.9
9.569 215%4.5
9,349 2104.9
9.123 2054.2
8,892 2002.2
8,655 1648.8
8,411 1893.9
8,160 18B37.3
7.901 1779.Q
7,633 1718.7

WP

3.59
24,37
3,15
2,94
2.73
2.53
2,32
2,14
1.96
1,78
1,690

RE =
PT =

HEAD

N

226,

TOR
(FT-L8)

PESIGN STUDY

0.0004 INSQ/SEC

4,00

1.525006

= 200,

TQOR
(FT=-Li1)

6.¥9

ETa

L7532
, 7932
27932
7932
L7932
7932
7932
7932
7932
7932
793¢

[

T =

FT

WP

2.7

PTEAR

13,90
99,57
5,24
Q("I'QJ.
BE D8
87 ,2%
77,92
73,59
£9,26
64,94
6‘]001

¢.1%2000

VoL FL
(FTCU/MIND

.12

262

RPM

2054,



MULTIPLE DISK TURBINE DESIGN STUby
BASED ON BOYACK RESULTS

GLYCERIN
KINEMATIC VISCOSITY = 0,0323 INSGQ/SEC
DENSITY = 79,3000 LB/FTCU

.02 vo = 1,10 RE = 4,00
n.300 ETA 279,500 PT = 1.529000

uo
R1

NOZZLE ANGLE = 1.04 DEG.
p = 00,0150 I[N

PTBAR = 86.%58 LBF/INSQ HEAD = eri.
RO R L H N TOR
(IN) (1IN (IN) (IN) (F1-L00)

10.00 3.00 1n0.006 .0432 172. 53J.4&

OFF DESIGN QPERATIQN
WlITH HEAD VARYING

VoL FL RPM WP TCR ETa
(FTCU/MIN) (FT-08B)

FT

p-F

nT7.011

PTRAR

245,344 723.3 88,22 640,66 ,7932 109.9%

240,175 708.9 82,77 613,96 ,7932
234,896  692.5 77,43 587,27 7937
229.495 676.5 72,21 560.57 ,7937
223,964 66D.2 67.11 533,88 L7930
218,294 643,5 62,14 567,19 ,7937
212,471 626.,4 57,39 480,49 ,7932
206,485 608.7 52.59 453,80 ,7932
200,320 590.5 48,02 427,10 ,7932
193,959 571.8 43,59 400.41 .7932
187.382 552.4 39,31 373,72  .7932

26,57
$5,24
7J.91
2, DR
67 .c5%
77.,9>°
75,99
A9, 26
A1,94
A, 01

G,132000

oL FL
(FTLU/MIND

223.94

263

RPi

hé6n .,
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