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INTRODUCTION

Mines are one of the most severe and fastest growing threats to
U.S. security. A program was initiated by the Navy to develop the
mission requirements, system characteristics, and technology ncesssary
for a remotely controlled or preprogrammed, self-propelled, submerged,
mine countermeasures (MCM) vehicle. The exact vehicle mission has not
yet been established. Thus, performance and mission parameters such as
speed, endurance, vehicle configuration, payload, sensor, and neutrali-
zation capability are undefined. To define a reasonable range of mis-
sion requirements, the relative effect of many such parameters must be
examined through a trade-off analysis. The analysis becomes iterative,
because the resulting range of mission requirements are used as input
to the trade-off analysis for additional refinement of system parameters.

Because of the large number of factors involved, computerized p. r-
formance of the trade-off analysis is most effective. A FORTRAN com-
puter program Trade-off Analysis of Propulsion Systems for Submersibles
(TAPSS), was developed to examine a wide variety of vehicle propulsion
systems. TAPSS supersedes an earlier program written in BASIC, which
was documented in an NCSL unpublished document ‘) . Although the two pro-
grams use a similar approach in performing the trade-off analysis, TAPSS
has expanded capabilities, including (1) use of FORTRAN, a more univer-
sal and powerful language, (2) an accurate drag calculation to account
for laminar and transition flow (in addition to turbulent), and surface
roughness and protuberances, (3) cruise and dash mission speed input,

(4) accurate, nonlinear relationships relating volume to performance and
payload type, (5) complete versatility in combining types of erzines and
fuel systems, (6) a component weight calculation to check and correct for
neutral buoyancy, and (7) an accurate hull structure algorithm which
accounts for the strength and elastic stability of both the shell and
rib stiffeners.

(1)Naval Coastal Systems Laboratory Technical Note TN396, Computer-Aided
Trade-off Analysis of Submerged Minehunting Vehicle Systems, by R. S.
Peterson, April 1977.
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PROGRAM DESCRIPTION

TAPSS calculates vehicle power, size, and dollar cost as a function
of mission (total endurance, dash speed, cruise speed, and percent
cruise time), engine type, fuel system type, component densities, vehicle
geometry, and numerous functions relating to cost, performance, and
volume. The calculation scheme is iterative. The program assumes an
initial estimate for vehicle size and calculates the corresponding drag
coefficients and power required to propel the vehicle at the specified
speeds. The program then calculates engine volume and fuel volume
needed to meet the endurance requirement. The vehicle is scaled up or
down to accommodate the resulting change in volume from the original
assumed value. New drag coefficients are calculated, and the process
is repeated until the volume change becomes small. When the calcula-
tion converges, the resulting power, size, and cost are printed out.

The basic layout for the MCM vehicle is presented in Figure 1.
The position and sizes shown for the various subsystems are arbitrary
% and intended only to illustrate the volume build-up scheme.

i INPUT AND OUTPUT

The following input is required for TAPSS:

1. A set of 40 volume functions.

f 2. A set of opticns to identify engine type, physical state and

type of fuel, oxidizer state, type of battery, and technology time
frame.

3. Miscellaneous information, including propeller efficiency,
fuel/oxidizer mass ratios for hydrocarbon and hydrogen, instrumentation
power requirements and seawater temperature.

4., Wing information: a number of equally sized control surfaces
and, for each, a thickness to chord, chord to body length, and span to
chord ratio.

5. Axisymmetric body information: prismatic coefficient, length
to diameter ratio, nondimensional wetted area, and hull volume packing
efficiency.

6. Volume information: a total internal volume estimate to ini-
tiate the calculation; fixed payload volumes for navigation, sensor,
and mine neutralization instrumentation and equipment; and a control
instrumentation sizing factor.

(Text Continued on Page 4)
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7. Roughness and protuberance information: height, drag coeffi-
cient, and fraction of total area covered for protuberances; average
grain size in mils for roughness.

8. Weight calculation information: a set of factors relating com-
ponent weight to size or performance.

9. A set of densities and cost factors associated with subsystem
size and performance.

10. Hull weight calculation information: depth, material modulus
of elasticity and yield strength, and safety factor.

11. A series of missions, each including a total endurance, cruise
speed, dash speed, and percent of total endurance the vehicle is cruising.

These data are read by TAPSS from a data file called TAPSS/DATA (Appen-
dix A).

The 40 sizing functions (presented in Program Listing, Appendix B)
were derived from a search of literature in both the private and govern-
ment sectors.

The computer program calculates and prints out resulting cruise
power, dash power, engine and fuel system volumes, ballast or buoyancy,
vehicle diameter and displaced weight, and approximate system unit con-
struction cost. A sample output is shown in Appendix C.

CALCULATION SCHEME

The program listing and sizing algorithm are provided in Appendices
B and D. ;

In determining vehicle volume, the program first uses the appropri-
ate volume functions to calculate the volume occupied by each subsystem
component (based on the component's maximum outer dimensions). Next,
the volume is increased using the corresponding packing factor function
to give the vehicle volume occupied by each installed component. The
installed volumes are then summed and the result increased by dividing
by the hull volume efficiency to include the volume required by the hull
and other structures.

Once the total displaced volume of the vehicle is determined,
vehicle shape information is used to calculate vehicle diameter and sur-
face area. Depth and material properties are used to calculate hull
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thickness, weight, and spacing of stiffeners‘®’. Next, mission speeds
are used to establish the drag and horsepower values and, consequently,
engine size. Horsepower and endurance are used in determining fuel sys-
tem size. The resulting engine and fuel volumes are added to the
original estimate, yielding a modified vehicle diameter. The drag calcu-
lation, and engine and fuel system sizing are repeated, and the iteration
is continued until it converges.

There are several important assumptions involved in the sizing cal-
culation. A volume-limited vehicle is initially assumed; that is, the
size of the vehicle is determined by individual component volumes, not
component weights. When the calculation converges on a final volume,
the difference between the vehicle weight in air and the vehicle dis-
placed weight is determined. Neutral buoyancy is achieved by adding the
necessary ballast (which is not allowed to affect the volume) or the
necessary air volume (which is not allowed to affect the weight). 1In the
latter case, the vehicle sizing calculation must be reentered. The calcu-
lation quickly converges upon a vehicle meeting both volume and neutral
buoyancy criteria.

DRAG CALCULATION

The drag of an underwater vehicle is a function of many variables,
including velocity, temperature (viscosity), surface area, surface con-
dition, protuberances, control surfaces, body fineness, and the type of
flow (laminar, transition or turbulent). If the flow is fully turbulent
and the body smooth, the drag coefficient may be calculated easily with
a high degree of accuracy. At low speeds, however, there is a possi-
bility of laminar or transition flow, particularly on the wings. In addi-
tion, roughness and protuberances are always present. Although not easily
calculated, the contribution of such effects can be appreciable and should
not be ignored in propulsion system-sizing calculations.

Table 1 illustrates the TAPSS drag calculation method. Four Reynolds
numbers, corresponding to the dash and cruise speed for the wing and body,
are calculated. Drag due to lift is neglected. Each of the four cases
is directed into laminar, transition, or turbulent flow drag calculations.
If laminar, the theoretical Blasius solution(3) for smooth skin friction

(a)Faires, V. M., Design of Machine Elements, The MacMillan Co., 1971,
p. 523.

(3)Hoerner, S. F., Fluid Dynamic Drag, published by the author, 1965,
pp. 2-4 and 5-3.

(Text Continued on Page 7)
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is used. If the flow is turbulent or in the transition region, a nod.
fication of the empirical Schoenherr relation®) is used to calculats
smooth skin friction.

The contribution of roughness to the skin friction is established
as a function of relative grain size (k/%) where k is a representative
sand grain diameter and ¢ is the body length or wing chord. A table
relatin§ relative grain size to typical surfaces is provided by
Hoerner'®). Hoerner constructed a set of experimental data showing tiw
contribution of roughness to the modified Schoenherr smooth skin fri
as a function of Reynolds number and relative grain size (Hoerner,

p. 5-1) (3) An analytical expression was derived to reproduce the cupe:
mental data for use in TAPSS.

To establish the contribution of protuberances (such as rivets
smooth skin friction, a technique presented by Hoerner (p. 5-7)'" was
modified. The resulting expression gives the contribution due to pro-
tuberances as a function of Reynolds number, specific drag coefficient
relative height of the protuberance, and fraction of total area cover
by the protuberances. In each case, the total skin friction is calcu-
lated as the sum of its individual components. The combined skin fri
tion value is used in the body/turbulent total drag calculation and ir
the wing/turbulent and wing/laminar calculation. For the body/transit
and wing/transition total drag calculation, two factors are calculated
which represent the ratio of total skin friction to the smooth skin fri
tion (RPCB and RPCW, Roughness and Protuberance Contribution for Body
and for Wing, respectively).

The total drag coefficient, based on wetted area, must account for
shape form drag and thus is a function of the length to diameter ratic
As body flow is not likely to be laminar, this case is neglected. A
rough curve fit to data given in Hoerner (p. 6-16) (3) was developed t«
calculate body total drag in transition. Since these data give the
total drag coefficient for a smooth surface, it is necessary to multipl:
the drag by the factor (RPCB) determined in the skin friction calcula-
tion. For the body/turbulent case, Hoerner gives an e uation relating
the total drag to the skin friction (Hoerner, p. 6-17)'% The skin
friction used in this expression is the sum of the individual contribu-
tions described previously.

T

(3)ipid.

: ‘4)Schlicting, F., Boundary Layer Theory, McGraw-Hill Book Company,
% 1968, p. 602.
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The total drag coefficient for the wing is determined for any of
the three types of flow. In cold water, a small wing at low speed
would likely encounter laminar flow. In this case, Hoerner supplies
an equation for the total drag as a function of skin friction (Hoernmer,
p. 6-5)¢%) . The skin friction value reflects the contribution of
roughness and protuberances. Hoerner provides a similar expression for
wing turbulent flow (Hoerner, p. 6-6)¢3) which is used in a like manner.
For the transition case, however, Hoerner presents only experimental
data giving the total drag coefficient for smooth wings as a function
of thickness to chord (Hoerner, p. 6-2) 3 An analytical expression
was derived which fits these data. The resulting drag is multiplied
by the factor RPCW, determined in the skin friction calculation.

The entire drag calculation is performed for both the cruise and
the dash speeds. In each case the total drag coefficients calculated
for the wing and body are multiplied by their respective wetted areas,
summed, and multiplied by % pVZ2 to yield the resulting drag force.

SUMMARY AND RECOMMENDATIONS

TAPSS, a FORTRAN computer program, was developed to calculate the
power, size, aud approximate cost of small, dry submersibles as a func-
tion of speed, endurance, and a group of input parameters and functions.
This program enables the user to examine a wide range of vehicle configu-
rations and missions.

The user should be aware of the simplifying assumptions used in
the analysis. The three most important assumptions in the sizing
algorithm involve the drag calculation accuracy, shape limitations, and
volume function accuracy. In the case of the drag algorithm, it is im-
possible to predict precisely the transition from laminar to turbulent
flow, and the drag contribution of protuberances and roughness. In the
case of shapes, situations could exist where the specified component
would not fit into the vehicle, even though the various volumes sum cor-
rectly. For instance, suppose the program determines that, for a given
mission and set of input parameters, a 2-foot diameter vehicle requires
3 cubic feet of electric motor. This would pose a problem if the re-
quired off-the-shelf motor has a diameter approaching 2 feet. Finally,
the accuracy of the results is limited by the accuracy of the volume
functions. These functions should be updated with improving technology
and additional information.

(3) {bid.
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The vehicle size predicted by TAPSS is only an estimate. The ab-
solute size should therefore be used only in the preliminary design
stage.

TAPSS should be used principally for two functions. First, the
program can assist in defining a reasonable set of mission requirements,
given cost, and technology limitations. Second, once the mission is
narrowed, the program can expeditiously minimize cost and size or maxi-
mize performance by manipulating vehicle geometry, payload, and propul-
sion system parameters. Analysis of the resulting matrix of vehicles
will lead to a preliminary, optimum configuration. TAPSS exhibits much
greater accuracy in performing the latter function, because the relative
effect of changes in subsystem parameters can be more reliably assessed
than the absolute size corresponding to one set of subsystem parameters.

(Reverse Page 10 Blank)
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INPUT VARIABLE
FILE | RECORD
NAME | VALUE | FORMAT DESCRIPTION REMARKS
TAPSS 0 TITLE As Input 1874 -character alphanumeric problem
DATA ident1f ier £ e
1 TENG 1 110 DL motor and fuel cell Records 1 and 2 specify a set of
2 110 OC motor and battery eight program options which identi-
3 110 Interndl combustion engine, closed cycld fy enqgine type, fuel physical
4 110 Closed Brayton cycle engine _ state and type, diluent, combustor
1FUEL 1 110 Hydrocarbon type, oxidizer state, battery type,
2 110 Hydrogen, 3000 psi gaseous and technology time frame.
3 110 Hydrogen, liguid
4 110 Hydrogen, metal matrix
IDILY 1 110 Air diluted hydrocavbon When an entry is not applicable,
& 110 Helium diluted hydrunarbon g its value 1s arbitrary.
[COMB 1 1o LISF6 (Tithium sulfurhexafluoride)
combustor
2 110 Carbon block combustor
10XID 1 110 Oxygen, 3000 psi gaseous
A 2 110 Oxygen, Tiquid
2 IBATT 1 110 Lithium morJ_ann nattevy
2 110 Silver zinc battery
1TIME 1 110 1980 Vtechnology
2 |- nho 1985 technology - )
3 110 1990 technoloy i
TEXT 1 110 Standard program output i
2 110 fxtended output for values of inter-
mediate answers -
3 As Input | FII ‘vquHn efficiency _
As Input FIC fuel to oxidizer weight ratio for
hydrocarbon
RHD As Input | F10 Fuel to oxidizer weight ratio for
y hydrogen Ao i
PINST As lnput | F10 Power tor 1nstrumentation and overhead;
n kw = 4
TEMPF As Input } F10 Seawater Lvn‘pemture B E R This value impacts ve did_r_agif
3 NEND As Tnput | 110 Number of endurance values The total number of missions ex-
NSPD As Input 110 Number of speed profiles for “each amined will be NEND X NSPD.
v endurance R ol o
5 END As Tnput [ FT0 NEND values for total mission endur-
ance;
6 CRUZ As Tnput | F10 ~ | NSPD values for cruise speed for each
3 " Fa bk __]mission; in knots
7 | 0ASH As Tnput | F10 NSPD values for dash speed for each
mission; in knots
8 PCC Rs Tnput | F10 ~ | NSPD values for percent of total endur-
L . ance vehicle is cruising | [ Lo = et W] N
q NWING As Tnput | 110 Number of identical control surfaces, gure 1. When chord or span
K | dncluding forward | vary, use average value.
WTOC As” Tnpul Wing thickness to
WCBL As Tnput Wing chord
As Input Wing span | N
10 A< Input Body prismatic coefficient "PRCF = hull displaced volume/T% -
(BD) (BL)] where BD = maximum ve-
hicle diameter and BL = vehicle
TSR | ey _____]length. (See ,qu:s 1)
[ BLOD As Tnput ] F10 [ Body Tength to diameter ratio |
VEFF As Input] F10 Hull volume efficiency HVEFF =
SNy | gal TRy 0 Vs st it Rl s egavgl_u_mes)/i(ju_llims laggd volume)!
BNWET As Input Fl0 Body nondimensional wetted area BNWET = (wetted area /{vehicle
e Tiey ERAEETEY PRRNE| SNNERA . |diameter) L
11 VINIT As Input] F10 Initial estimate of total installed A reasonable estimate will in-
S e A~ component volume; in cubic feet | crease speed of convergence. |
VNAV As Input F10 Volume of navigation equipment; in
flecerss are : Gl S R S T
VSEN As Input F10 Volume of sensor equip'ment; in cubic
VNUT As Tnput | F10
Veo As Input|{ F10
12 HTPRT As Inp_.dt 'ﬂ‘f)» __| Height of protuberances; in feet [
COPRT As Tnput| F10 Individual drag coefficient of pro- See Hoerner, Fluid D}namc amic_Drag,
7 ok o Ptuberance. - 19655 P Bl G A gt ). |
FPRT As Iaput{ F10 Fraction of total wetted area covered
=T LRl (ST by protuberances_ oL
GSIZM As Tnput [ F10 Average sand grain size; in mils ?ee Hoerner, Fluid Dynamic Drag,
965, 5-3
3 As Tnput Density ¢ w[nter salues for Record 13 in 1b/ |
As Input Density o cu ft
As Input Density of
As [ Denc ‘uy of
As Tnput] F10 FEORS e, [ JE Density is based on maximum linear
As Input] F10 Density of carbon block comhustorw dimensions and not displaced volume
Cant'd)




e

T

NCSC TM-232-78

THIS PAGE IS B

INPUT VARIABLE

FILE | RECORD
NAME | VALUE | FORMAT DESCRIPTION REMARKS
TAPASS/ 14 DCON As lnput | F10 Density of control instrumentation and |Enter values for Records 14 and 15
DATA b ) el equipment in 1b/cu ft
(Cont'd) DNAV As Input | F10 Density of navigation instrumentation
15 i e jand_equipment
DNUT As Input | F10 [Density of instrumentation and equip- | Density 1s based on maximum |inear
e | T Iment for neutralizers dimensions and not displaced volume
OSEN As Input | F10 Denslty of instrumentation and equip-
el k" S| s |ment_for sensors
DHMF As Input ity of hydrogen metal matrix storagd
[As Tnput | of hydrogen liquid sto:
A *As“lngut Iygrogen, it
| As Input
As Input .
| As_Input .
As_Input er imc__ila_tter‘yv !
ol AN R o ¥ As Input ium_inorganic battery ) 00000
16 [As Input avigation equipment AT1 costs, except CHP, are in
As Input ] F10 | o§_glf_ sensor equipment | thousands of dollars.
['As Tnput F10 [Cost of neutralization
vk lequipment
cco [As Tnput | F10 Cost per foot vehicle diameter for con-
| RN _J trol equipment =
| As Input ] [ Cos
AR SR Ayt
7 Cost per shp for IC engine
Cost per shp-hr of silver zinc
it t per shp fo
___}As Input] [ Cost per shp for DE_ﬂOQI —
CHCF As Tnput [ Cost per cu ft of hydrocarbon fuel
storage
— F g Feros —fas Tnput B Cost gEr cu ft of hydrogen gas
storage system
[CHOL [ As Tnput | "‘C'o’sta%er cu ft of hydrogen Tiquid
) ]storage system |
DM As Tnput] FI10 Cost per cu ft of hydrogen metal
s . _|matrix storage system =
[ COX As Input F Cost per cu ft of oxygen gas storage
N N PSYySten LT Al
COXL As Input| F10 Cost per cu ft of oxygen liquid
ﬁﬁﬁﬁﬁﬁ | storage system | Swe, g
[As Tnput | F10 | Cost per 16 of hull material __| Enter value in dollars. i
T 79 As Input hi tir Ri
As_Input
As Input
As Input]_ SRR PR T e S T = .
As Tnput] SF accounts for depths in excess

of operating depth, hull penetra-
tions, and hull aberrations.

(Reverse Page A-4 Blank)
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TODDC

TAPSS/MARG
RECORL =10 WCRDS, ELOCK =330 WOKDS,

CFEATEDY 03/22/78 LISTECH 1755 0S/10/7R
THE FILE CCOMTAINS 787 RECORDS,

SSEQXEQ RESELY LIST LISTCCL

FILE
FILE

OO OO OO OO MO OO

OO OO0 OO0

(2]

ISTAPSS/PRINTER,UNIT=PRINTER,LOCK,RECORL®1S
A= TAPSS/DATA,UNITERISK,SAVFE10,6l OCKING=3,RECUKD=10

DIMENSTON SKPL(20220)»SHPC(20»20)2END(20)»DASH(20),CRUZ(20)»

«PCC(20)»TITLEC18)

TAFSS==ThADE=CFF ANALYSIS OF PHOPULSION SYSTEMS FUR SUBMERSIBLES
F S FETERSON == MARCH 6, 1978

PRUGRAM MTILL COMFUTF SHAFT HURSFPOWFR, DIAMETFhy, COMPONENT VULUMESS
BALLAST LR RUCYANCY, AIFR WEIGHT, AND APPROXIMATE DOLLAR COST OFf

A SFRIES CF SMALL» FRY SURMEKSTRLES AS A FUNCTIOM OF PRPPULSION
SYSTEM CHARACTERISTICSs, VEHICIF GEOMETRY ANC SKTN CONPITIONS
PAYLLAD VCLUME» 40 CUMPONENT VOl UME FUNCTTILNS, 18 COMPOMNENT
DFNSITIESs 15 CCMPONENT COST FACTORSs, AND A SEKRIES OF MISSICN
PRUFILES CCRUISF» DASF» PERCENT CRUTSE, AND TOTAL ENDUKANCE).

CUMMCN RWO,RWC,RRC,RBC,COND,CUNC»CNBL,CLRC,CFWD»CFWC,CFED,CHBC,
SRFCWO»RPCWC,RFCBN,RPCRCHRIRLIKCHA,CFRAS,CRRUF»CFPRT,CF,
STEXT»1REY»DASk,CRUZSWCKDs VISCHRLIGSIZMoKUE,

SFFRT)RTPRTSCOPRTEC)WTOC,WARASWNFT, y

VOLUME FUNCTIONS

ALL VLLUMES IN CL FT, WTF=eT OF FUELs» LE, SKHPDs SHP,DASH,

CLOSEL CYCLE BRAYTCN ENGINE AND DPRIVE THAIN == 1980

VER1(1»J)Z0,13#SKFC(TrJ)+1,.5

CLOSEL CYCLE ERAYTCN ENGINF AND DRIVF ThHAIN == 1985, 199¢C

VBR2(1»J)E,08*SHPL(Is»J) 415

CLOSEL CYCLE INTFRNAL COMBUSTION ENGINF AND DKIVE TRAIN

VICCI»J)m0,05#SHPL(TIsJ) 1.5

DC ELECTRIC MLTOR» CONTROLIER» AND DRIVE
VEM(TI»J)IBO0,10*SHPLCI»J)+1.5

HYDROGEN LIQUID ANL CONTAINMENT
VHL(WTF)=6,040,34hTF

HYDROGEN GAS (3»0CC PSI) ANM CONTAINMENT
VEGI(WTIF)=3,040,90¢NTF

HYDRCGEN METAL MATRIX STORAGF SYSTEM

TRAIN

co0ocoo00C
000C001C
000C002¢
000C003C
000C0040
000C005¢
000CC06C
ooocooT7C
000C006C
o0ocCo09tL
000C010C
000CC11C
c00c012C
€00C013¢
000C0164(
000C015¢C
o00C016C
000C017C
o00CC180C
000C019¢C
000C020C
000C021C
o0o0cCQe2¢
000C023¢C
000C024C
000Ca25¢C
000C026C
000C027C
oooco28¢
o0o0cCn2¢9C
000C030C
000C031(C
000C032¢C
0000033¢C
c00C03aL
000C0350C
000C036C
000C037L
000C0380
000C039C
000C0a0C
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VHM(WTF)=3,04,15¢hTF
HYDROCARRON AND CCNTAINMENT
VHC(WTF)=3,04,023%hTF
CARBCN DIOXIPE SChUBRER
VSCRB(WTF)=],040,14NWTF
BATTEKY, LITHIUM INORGANIC
VETLI(SHPKR)=(0,055¢SHPHKR
BATTERY, SILVER 2INC
VBTSZ(SHPKR)=(,22*SHPHR
FUEL CELL SYSTEM, 1980
VEC1(l»u)=,33¢SHPC(I»J)
FUEL C(FLL SYSTEM, 198S
VEC2C1,J)=,17*SHPL(I,J)
FUEL CELL SYSTEM, 1990
VEC3C1sJ)=,08eSHPL(1,J)
OXYGEN FUNCYTICMS==SEF SUBROUTINE OXIDZR

PACKING FACTOR FUNCTICNS
PF=(vlL RASED CN MAX DIMENSICNS)/(VOL CONSUMED IN VEKWICLE)

INDEPENDENT VARIAELES SIGNTIFY THF vOL OF THE RESPECTIVE CUMPONENT

BRAYTUN ENGINE
PFBRCVRRE)®(0,94(1,0EXP(=¢3%(VRRF+3,5)))
INTERMAL COMRUSTICN ENGINE
PEICCVICE)=0,9*(1,0=EXP(=e3*(VICF+3,5)))
DC ELECTRIC mMOTOR
PFEMC(VEME)=Q,9#( 1o C=EXP(=¢3*(VEME+3,5)))
LISF6 COMBUSTCR

PFLICVLIC)=0,9

CARBCM BLLUCK CCMRLSTOR

PFECB(VCBCI=0,9

MYDROGEN LIQUIC

PEHLCVELF)=,9

MYDRCGEN GAS

PFHGC(VEGF)=,9

MYDRCGFN METAL MATRIX

PFHM(hKEMF)I=0,9

HYDRCCLARREN

PFHC(VKCF)=,9

BATTERY

PFEBT(VRTS)= 0

FUEL CELL

PEFCCVFSCI=0,9

OXYGEN PACKING FACTOR FUNCTINNSS SEE SUERCUTINE OXIDZR

Fuel CONSUMPTION FUNCTINNS

RCO=RATIN OF CRUISE TO DASK SHP

000C0a3C
000C0a2¢
0000043(C
000C0aal
000C04S(
000C046C
c0o0cC0arC
000C048L
000CCa9(
000CCS0LC
000C051¢C
000C052C
c00L053C
000C0S4c
0000L055¢
oco0oCnSéc
c00COS7L
00000SKC
000C0S9(C
o00C0e6CC
000CCe1(
000(C "
0000620
c00CCo4cC
c00C0650C
000C066C
coocCrert
coocoeBC
c00C069C
0e0COT0(
coo0ro71C
coocnr2c
000007 3C
coccorac
000C075C
000C0T76C
ooocor7c
oooclo7el
000C0T79C
000C080C
co00c081¢
oooco8zC
0000L0B3(C
coocngac
000C085¢(
cooLosecr
000C0BTC
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Wtk IGHT (PER Fhao TC E*-) C(F
WHICH(T2J)Z 7S ekl (Y.,
FRACTICN (TC ENGs 2 T=ULSEY D4
FICH(RhCD)=Y (*kCr

[ESH K2 CONSUMETINN

DASK F(FSUMPTION

WEIGFT (PEF khy TC EFMLY 7F FASK HC CONSUMFTION
WHICKLCTod)=C 778SE70CT J)
FRACTIFN (17 ENGs ‘(o CRULSE) Db CASK CUNSUMPTION

FICHC(RCN)=1.C*RCL

wEIGRT TF F2 #CR 1GRC FURL CFLI
WHEC1(SHFPHR) 1 1*SkFKkK

WE JGRIT F kg : "R 1G8S FUFL FLt
WHFC2(SHPFRR)=( 4,1 3*SKFKK

We JGKT F k2 “n 1660 FUEL
WHECI(S=PRE)=(,17*SKPKF

(8%

VOL!IME (PEE “k, RRAYTIN) UF PASK LISF6 (FASUMF,TCA
VELTICLsU)=. N0 SKEL(T0U)

vipLuwmt (FEtR FFRy ERAYTON) [F UDASHE CARKTN BHLULC® CUNSUVFRT]
VECREI»J)=e0c #SHFL (T, .))

FRACTICN (LISHE CUMBLSTOK» CRUISE) OF NASH (OMSUMPYLR
FLICRLP)=1,0*kCD

FRACTICN (CE CCMELSTOR, chiTSE) PF pASH CLNSI MPTLOUN

FCHR(RLPM)=1,0ekCD
TIME CALCLLATION

MUYETINME(S)
XTIMF=TIMEC(] "
NFRS=XTIME
THFRSEXTIME =Nk - S
VINSTHRS#6C,0

7160C0,0

FORMAT STATFMENTS

FUKMAT (BF 10,

FORMAT("NL +YLKOCARBCN FCK FILEL CELL"™)

FURMAT (SXsI2,10F8 ,1oF 7 410F0 1si bk, q,FE. )

FURMAT(10F8,1)

FURMAT (10F1C41)

F(ARM‘Y(]H],/,?X:BLF MEHN Frubin Ck StT (S PL FPFF CT »
$6CH SK wP Sk KP EANG VCL FUEL Vul Ox vPhL RAILLAST BICY ALK kYo
$14W VFK LIA (CST)

FORMAY (42 NC KRS kNPT e KA(TS  C-LISE  »
$60K ChLISE DASHK L FY CI EN 6 by {8 U ET LES
$14H Fr $K »/)

FURMAT (" ORAGLSORACD» SHPCoSHFUSRCU»SkrthsS Nk, SKPRRMK™)
FlrmAT

(* VENCToVFUEL 1 oVOXTT T eUNFa Wh{wpCLSToLPW],VINCR™)

(COCCBEC
ceoceceyl
(cceeonc
("CLrGLL
ceoLe9ac
oeeee9ac
ecoCer9uc
cCeer9s(
(00(C9ec
ceoLrgr(
c00CCoe(
pcocnget
ccoC100C
(COL101(C
c00C10rC
co0C (3
c00L1(a(
ceoL1OS(
cocL10et
¢ceoc107¢
ccoc10eL
c00010%¢(
c00C110(
(00C111¢(
cocL1ye(
000C11 3¢
co0L11acC
000C115¢
co00C11e(
cooc117L
pC0C 116l
000C119¢L
eccoct2ere
cooL121¢
ceoc122¢
c00C123C
(CcCcCy124t
o00C128¢
000L t2¢(
CeCC12/¢
cCO0u12¢(
000126
eeNLT130C
c0C 131C
coc132¢(
et 3330
ceCr 1 3ut
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49 FURMAT(110,3F1C42) 000C135¢C
LY FURMAT(®™ VINChsVWCFsVHULLSED »BLaWCHD» WSPAO WTHR™) (00C136(
4= FORMAT(//21Xs 1THENC,PCCoCRUZJUASH) 000C137¢(
ap FURMAT (5110) 000(138(
40 FORMAT (10F10.3) 000C139C
5S¢ FURMAT (1844) 000C140(
59 FURMAT (™ WNEW»VBULCY,WENGoWFUFLoWOXIDsWCCAs WNAV,WSENSWAUT™) c00L1a1(
98 FOURMAT(/,34X,"awaTAPSS/MARE #®w (", A6,")eee", 12, HI,]2,"ssa") 000C142C
391 FURMAY(////7/941Xs21HSPFEDS ANU ENDURANCES) 000C143cC
392 FURMAT(/»1RX»36HNISSTON FND» KRS CRUTSE» KNOTS» c00C14al
$31H DASH, KNQTS PERCENT CKUISE,/) 0000145¢C

30) FURMAY (BX»11453F14,15118) c00L 146
394 FURMATY(1H15///2245» 80KTRAUE=NEF ANALYSTS (F PRUPULSINN SYSTEMS, c00C 147 (
$17H FUF SUBMFKRSIBLES) c00C 14kl

aci FURMAT(/,22X,1RAQ) conC1a9L
4e2 FORMAY (1H15/7//7/91CXs29HPKOPI'LSIAN SYSTEM INFURMATTION,/) c00C150C
403 FORMAT(/»15X» 14HFLECTKIC MOTOK) c00L151C
) FURMAT (15X»2RRELECTRIC MOT(R ANU FUEL CEIL) ceoL152¢
40ns FURMAY (15X»22KCLIPSED CYCLE 1€ ENGINE) 0C0L153cC
4ace FURMAT (15X 27FCLCSED CYCLE FRAYTNN ENGTINF) c00C154(
an7 FURMAT (15X, 1RRRYPRCCARKRUN FLELED) c000155¢
408 FUCRMAT (15X 30FKYCKCGFN GAS FlL'ELEN==3,000 FSI) coocisec
4ac9 FURMAT (15X 22FFYPRCGEN LIQUTP FUFLED) 00C157¢C
410 FCRMAT (15X, 28FRYDKCGEN METAIL MATRIX FUFLFL) ¢0CCL15EC
411 FLRMAT (1SX»11Fa1R CILUTED) cC0L15%(
412 FURMAT (1SX»14FKELILM DILUTER) ceoC1e6L(C
413 FURMAT (1SXs1aFGASECUS CXYGFN) 000C161C
494 FURMAT (18X, 13FLIGLID UXYGEN) coocL162¢
415 FURMAT (15X 1SHLITHTUM RATTERY) 000C163¢C
416 FURMATC1SXs 19FSILVFR ZINC RATIEKY) c00C 1640
417 FOURMAT ¢15X,3SFLISFE COMBUSTOR) 0C0C165¢(
418 FORMAT(15X»22FCARECN ELOCK CNMRUSTOR) 000C166(
419 FLRMAT(1SX» 1&FTINE FRAME==1GR() c00C167¢C
420 FURMAT(1SXs1£FTINE FRAVE==109R5) n00L16¢6¢
a1 FURMAT(15X»1&FTIVME FRAME==1000) 00C169¢C
422 FURMAT(/»1CX»22HWING AND HUIL GEOMETRY) c00C170C
423 FURMAT CI1SXpQKNC oo 12, 3X0AKT/CS5F N ,2,3Xs5KC/ELEFG.253X,0RS/CE)p ce0L171¢
$FL,2) c00C172¢

ar4 FURMAT (1SXs 11 HPRISV CUEF=sFE,4s3X0 KL /D0 FS5e223X,12HKV FACK EFESs c00L173C
$FL,2,3Xs12KND WET AREAZ,F6,3) 0CC174(

425 FORMAT (/»10X» 18HVLLUME INFCRMATINN) cooC175¢
476 FURMAT (1SXs6FVINTTZ5FS5,103Xs S HVNAVE,FS,1»3XsS5HVSENZSFS,123X» 000C176C
8SHEVNUT=»FS5,1,3Xs12FVOL CON/DTAR,FA,1) ocoC177¢

427 FURMAT(/»10Xs 21 HRLL GKNESS TNRFURMATICON) ccoCy7eL
428 FURMAT (1SX,26KFT, CDy AND FFACT FOR PKOT,3F6,3,5X» nC0C179¢C
$17HGRATN SIZF» MILS=,F5,2) 000C180C

429 FUCRMAY(/»10X»21HPENSTTY OF CPMPOUNENTS) occoLI8iC
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430 FURMAT (15X, 4SHPBRE»DICF»OLMFLUFCSaNLICSLCECINCON,DNAV,DALT S 000C182¢C
$QBHDSEN s NEMF , LFLF2CHGF »DRCLF »PUXGS»DOXLS»DBTSZsDBTLT) 0000L183L
a3y FURMAT (15X, 18FS,() 000C184C
432 FURMAT(/,10X,2SHVMISCFLL ANEOUS INFORMATILN) 000C185(
423 FURMAT (15X, 1CHPROF EFF=E 2Fa.2s3X, 9HINST WTS=,b4,153X, 000C186C
$11HSK TEMP F= ,F3.C,3X,19NF /N RATIO= HC, K21 »F8,3,1X,F0.3) cooct1a7¢
434 FURMAT(/»10Xs 18HCLST UF CUMPONENTS) 000C186(
435 FURMAT (15X, 45FCNAV,CSEN,CNUT, CCPoCBRESCPRF,CICE,CSZR,CL IB» 000C1890L
$44K CHCy» CEMyCHCFCHNG,CHUL S CHDOM,COXGLCLXL, CHP) 000C190C
436 FLRMAT (15X, 1RFS,1) 000C191C :
aay FCRMAT(1W ) 000C192¢
438 FLRMATC/»1CX»24HVEFICLE HULI INFNRMATINN) ¢00€6193¢ J
439 FOCRMAT(15Xs 1CHREPTHs FT3,FA.M23Xs21HYCUNGS ELAS MUN, FSIZ, 000C194C
$F106023X,23KVATL YIELD STRESS, PSI=,F7.0) c00L195¢
440 FLRMAT (15X»1BFVATL DENSITY» PCFE,F5,003X»1aKSAFETY FACTCR=sFa.1) (00C196C
4oy FLRMAT(®™ FULT,RIBSFoWHULLSMTILNRIB™) 0000197¢C
402 FLRMAT (™ CENC,CFLEL,CUXID2CONN,CHULL"™) 000C198C
463 FLRMAT(™ AN LFPATE OF THE KINYANCY IS REQUIKFL™) 0000 199¢
C 000C200C
C INFUT DAYA FROM TAPSS/DATA 000L201¢
€ 000C202¢
READC4»SAI(TITLECI)»T=1,18) 0000203¢
READ(C4,4RITENG, IFLEL,ICILU» TCUMB, 10XTD 00002040
READ(C4,4R)IBATT,TTIMETEXT 000C205¢
READC4,49)EPRLPSRFC,RHD,PINSTH TEMFF 000C206(
READCU»4aRINEND S NSHT 000C207¢
READCG,a9)CENLCI)»T=1,NEND) 0n00C208et
READ(4»409)(CRL2(T)sI=1,NSFD) 000C209¢(
READ(L,89)(DASKH(T)sI=1,NSPM) 000C210C
READ(4»49)(PCCCLYsT=1sASPL) c00C211C
READ(Us41)NWING»WTCCHWCBL A WSHC c00C212(
READC4,4Q9)PRCE»BLLC»HVEFFoRAWET 000C213¢C
READ(4549)VINITHVNAV, VSENS VAT, VCD 000C214(
READCU»49)HTPRT,CLPRT»)FPRTSGSIZM 0000215C
READ(4,09)DNBRE,DICF,DFME,LFFSHDLIC,DCRE 000L21e(
READC4,49)0CCN,ONAV,DNUT,DSFN)DHMF ,DHLF c00L217¢
READC4, 49 ) HGF »DFCF sDOXGSsNOXLS,NETSZ,NETLT c00CL21EL
READC4,49)CNAV,CSEN,CNUT,CCP» CRKE » CBRF coo0c219¢
READCL,49)CICE,CSZF»CLIBSCFCHLEMCHCF 0000220(
READC4,89)CHDG,CHEL »CHNM,CUXGSCUXL,CHP 000C221¢C
READC4»49)DEPF »EPST»SPSI»UPCF»SF ocoL222(
4 c00L223¢(
C OUTPUT TAPUT INFLRKMATION 000C224(
(> 0000 225¢C
WHITE(3,398) 000C226(
C THE TIMF AND TITLF c00cL227¢L
WHITEC1,9#) MUYsNFRSHMIN 000C226(
B-6
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WRITEC328U1) viarnryg o 1510 1R) c00(229(
C THE VELOCLITY AND ENDLRANCE 000L230¢C
WHITE(3,391) 000C(231¢
WRITE(3,392) 000C232C
MSHNS( c00C233¢L
DU 601 131,NFAD 000L234(
DO 602 Jm1,NSFD 0000235(
MSHNEFSHN+1 000C236¢
WRITE(35393) MSHA» ENDCI)2CRUL(JI»DASK(JIPCC(Y) 000C237¢C
602 CUNTIMUE c00C238¢
g 60t CUNTIMUE 000C239¢L
4 C THEL INPUT OPTIONS AAL CONSTANTS 0000L240¢(
WRITE(3,402) c00C241(
GL TC (552+,553s5545555)» lIEMC c00C242C
5%2 WRITE €3,404) 0000L243¢C
1bILUEC c00C244(
GL TO 556 000C245¢C
i 5%3 WRITE (3,5403) 000L246C g
| IF (IBATT LEQ, 1) WRITE(3,81%2 000C24a7¢
| 1F CIBATT LEQ. 2) WRITF(3,41K) 0002460
| GL TC s57 c00C249¢
| 5eyq WRITE(3,405) 000C250C
| 60 TO s564 c00(251C
5&s Wh1TE(3,806) 000(252¢(
f IF CILCVR LEQ. 1) WRITE(3»417) 000C253(¢
I1F (ILCMB LEQs 2) WRITE(3»41R) c00L254¢
| GU TC =57 000(255¢
| 5%6 I1F CIFLEL +EGe 1) WRITE(3»407) ocoL2s6c
IF CIFUEL +EGs 2) WRITE(3»40R) c00C257(
IF (IPUEL <EQe 3) BRITE(3su4no) r00L25kL
| 1F CIFLEL oEQs 4) WRITF(3»810) c00CrsytL
| IF CILTLU LEQ@s 1) WRITF(3,811) c00C260(
IF CILTLU 4EQs 2) WRITF(3,412) 000C261(
IF CILXID JEQe 1) WRITF(3,413) 000C262(
IF CIUXIN ,EQs 2) WRITFE(3s414) 000(263¢L
57 TFCITIVE JFQ, 1) MRITE(3,499) ro0C264C
IFCITIVE oEQG, 2) WRITE(3,420) 00(265C
IFCITIVE +EQs 3) WRITEC3,421) c00C266(
WhITE(3,022) c00C267¢(
WRITE(25423) NWINGs WTCCoWCFI »WSHWC 000L26b(
WhITE(3,824) FRCF,FLCO,HVEFF ,BNKFT c00L269¢
WHITE(3,025) c0CC270C
WhITE(3,826) VINTT,VUNAV,VSEN,VAUT,VCD cooL271¢
WRITE(2»027) (ocL27ec
WHITEC2,028) FTPRIZCRERT FEETHOST /N ceoe273t
WhITF(242726G) (00274l
VR ITF (02 30) (eCe278¢
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OO0

OO0

nwooooo

<0

c

WHITEC3,831) LRRESIPICE,DFMEPFCS,DLIC,PCRC,DCUN,DNAV,DNLT,
SDSENSLEMF2DHLF »DFGF »DHCF o DOXGBS» UOXLS»URTSZHLBTLIT
WRITE(3,832)

WHITE(3,833)FFRUP,PINST,TEMPF»RHCHRHD

WhITE(3,834)

WHITE(3,435)

WhITE(35836)CNAV,CSENSCNUT»CCUSCRRELCBRESCI(F2CSZBHSCLIBSY
$CFCoCtVMsCHCFCHDG2CHNL » CHUM» CUXG,COXL »CHP

WHITE(3,438)

WHRITE(3,439)CLPF,EPSTI»SPSI

WKITE(3,440)DFCF,SF

PRELIMINARY CALCLLATICNS

VISC3Z ,6F=9#(TEMPE=100,)#%2,47 ,5F=6
PFS1264,2/184,0%NEFF

WHITE(3,29)

WRITE(3,30)

MSHN=(

ITERATE EANDUKANCE

DL 210 I=1,NFNC

ITERATE SPEED CCMEINATION

DC 205 J=1,NSFD

VNEWEVINIT
MSHNZMSHNSY
VINCR=C,.0
vkuoY=se,.0

UPUATE PKRCPILSICN ANL PAYLOAL VPLUMF

CALCULATE BODY GECMFTRY

VROHSEVIWNK

VhOHsVAEWSVBULY

IFCVINCR oLT, CoC) VWUHEYWOFS(VNEWSVRUNY=VWOKS)/ 2,0
VEULLEVWOK/KVEFF
BU=Ca#VHULL/PKCF/RLOD/3,1415Y)%w,333
BWETSBNWET#BN##2,

BL=BD+RLND

CALCULATE KULL THICKMNESS AND WETGHT, FAIKFS» P, 525

B-8

000L276(
000C277C
000C276¢L
000CL279¢L
0000280C
000C281(
c00L282(C
0000283(
c00C284cC
000(285¢C
cocc28eC
c00c287C
000(288C
000289
000C290(
0000291¢(
0000292(C
000L293¢
000C294¢
00(295(C
000C296C
0000297¢C
000C296(
c00L29%(
000C300¢
0000301(
co00C302¢C
0n00C3030L
c00C30at
000C305¢
0000 306(C
0000307¢
c00C308C
000C30%¢C
000C310C
¢00CL311(C
co00cL312¢
00003130
000C314¢
000C315C
000L336C
0000317¢C
cooc3gec
000L319C
000C320¢
000L321¢
c00C322¢
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9 SATISFIES ROTH STKENGTHK AND TNSTABILITY CHITERKIA, RY INCLUDING eCOCI2 3¢
C A NUMEER UF FIBS, EACKH WITH A SECTIONAL MUMEMT OF INFRTIA, SVIg coOC 324
(4 EXPRESSEN IN INCHES#ed c00C 12514
HULTaSFePPSIebN/2,0/5PSI co0L3Ze.
RIBSPEBD#(2,6C+EPST#(HULT/FN)%a2,5/PPST/SF40,45¢(KULT/B0)*%0,5) POOLI2Y(
SMII=(,035¢BD**3, (*RIBSPaSFePPSI/EPST#12,0%%a,0 ool zel
NKIBzkl /RIRSP 000 IZSL
WHULLERWET*RULTY*CFCF o030
C CALCULATE WING C(CCNTHCL SURFACE) GEDPFMETRY coCL I
WCHD=RCRL*RL (00C235¢
WSPNERSWC*WCHL ceoL 33 3¢
WIHK=WRTOC*WCKL coCL 334l
WARAZhSPN*WCKHL (00L 33%¢
WRET=Z  «WARA (00( 3381
C @*EXTENDww c0CL33NL
IF CIEXT +EQ, 1) GC TO 551 co0C 3t
WRITE(3,45) 0COL *3sL
WHITEC(3»28)ENLEI)PPCCCU)»CRUZ(JIPDASK(J) ceeL e
WKITE (3,44) cooCday(
WhITEL(3222) VINCRs VWOK,VHUL) sRDsBLoWCHL s WSHFNS WT KK (00L& 1
WHITE(3,0841) 00CL 36 3¢
WRITE(3522)HULTSRIRSFyWHULL»SMTI1,NRTR (0CL Y84
C #*EXTEND#® c00Cdasc
561 CUNTIANLE cCOL el
C cocLiart
c c00CYabl
C CALCULATE DRAG CLEFFICIFNTS FOF WING AND RLPY, FUR BOTH cCcoC eyt
(4 CRUISE AND DASK SFEEDS cCOoCISLC
C co0C IS
CALL LRAG 000C352¢(
(% 00035
C PRUPULSTILN SYSTEM SIZING CALCULBITUN 000356l
C ¢00CI5%¢L
C DRAG AND POWER REGUIRKFMFANTS ceoC35ec

ORAGCE! 49905/2,*(CRUZ(JI*1£RE)##2  w(CDRCHWHET*NNING+CDECENET) ce0CIST(
DKAGD=1,9905/2 ¢ *(LASH(J)#1 sbRB)I# 42 (w (COWP«WhFT1#NWING+CDBL*ENET) cooC?Sec

c INSTRUMENTATILN PULWER CALLULATICN 00 15%(
TFCIENG +EQe 1 ofh, IENG oF€, ?) GO TL 271 c00Leuc
IFCIENG LEQ, 3 oCh, TENG +ER, &) GO TC 272 o000t 61¢

271 SFPOKEQ,0 000C 2e2(
SHPHRLK=N.O 000C 36 3¢
6U YC 273 cocLleac

2r2 SHPOHE2 (A% (PINST#1,341) c00¢ 365¢
SHPHRUK=SKPOR*ENC(T) c00C36el

273 SHPC(1sJ)SDRAGCHChLZ(JI*14ARR/550,0/EPRLP+SKPUH co0L367¢
SHPD( 15 J)SDRAGD*LASH(JI*]1 ¢ ARA/S550,0/FPRLF4SKPUH 000C skl
RCD=SHPC (15 J)/SHPL(I,J) 000C 6%t
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNLSHED TODDC _——

SEPHREFNN(TI)I®(SHPCCToJ)SPCCCU)/10C4+SHPLET,UI*(14=PCC(J)71004))
$+SHPRACK
C *EXTEND w
IE CIEXT EQ, 1) GC YU 38Y
wWhITEC2,135)
WRITE (302R) LRAGCSDFAGUSSFPCO(T2J)sSHENCT2J)rhCDsSKPHER,SRPUKS
»SHPHRL K
C wrp XTEADww
3r9 GL TC C(11Cs11C»12C»13C)s1ENC
C HRAYTUN ENGINE VLLUME CALCULATICN
130 GL TC (131,132,132), IT]ME
131 VERE=VERT (T2 d)
6t TE 133
132 VERE=VFRO(]5JU)
133 WENG=LFRF*VERE
CENG=(RRF*SHPLC(I,u)
VENGTISVRRAE /PFER(VERE)
GL TC 140
C IC ENGINE VvLLWMF CALCULLATION
120 VICE=VICC(l»J)
WENG=LICF*VICE
CENG=CLTCF*SKPL(I,u)
VENGI=VICE/PFIC(VICE)
6L TC 140
C EILECYKIC MCTLR vLLUME CALCULATIPN
110 VEMEZVEN(I»J)
WENGSLENMF*VENME
CENG=LFMeSKPP(Tsy)
VENGTI=EVEME/PFENM(VEVE)
C FURL SYSTFM¥ CALCLLATICA
1640 6L TC (141,142,103,140), LFMC
C BRAYTICON FLEL SYSTEM
1a4 vixicl=¢,0
wWLxin=e,n
CLxirzc,n
GL TC c145»14€)» 1COMB
C  LIIRIUY (PMARLSTCHR
i 189 VLICSENDCI)@VELICTI»d)*C(1e=POL(UI/100,)¢
- «FLICRCP)«FPCC(UI/Z1CC)
WELUEL=PLICeVLIC
CHUEL=CBRF«SKFEN(Try)
VEUELI=VLIC/PFCLLICVLEIC)
GL TC 260
C CARRLN BLTCK COMELSTLFR
106 VCHC=ERDCI)*#VFCBCI,,J)*((1e=PCCCUI/Z100,)¢
1 #FCH(RLM)#PCC(U)/Z1CC,)
Wk UEL=rCRC*VCEC

| B-10

e00C3T0C
c00C371¢(
c00C372¢
c0CC373C
00C374C
cCCL375¢
c00C376¢
ceoC3ric
c00C378L
CaC379(C
cCOLIBC(
cCOL2EN(
ceoc3eyl
f0CC3B3(
(COC3B4C
c00C85(
L0CC3ge(
c00LAET(
cCOLIAREL
(ecC3Byl
c00CC39CC
cocC291(
cC0C G2 (
co0ce3osL
(0CLAGat
(00L39%¢
c00(39e(
eCCC3IGT7L
c0CcC3gel
cCCC394%¢(
encCaoCr
(00Can1(
n00Cale(
(06Lan3c
c00CBa0uL
cCocagpsc
coocaged
ceocaqrc
c00Ca0&(
c00Ca09cC
ceceayuc
c00La1¢(
ceocayac
cCOLEY3(
cCoCayul
co00CaySe
ccocagec
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THIS PAGE IS BEST QUALITY PRACTICABLE
FROM COrY FURNISHED TODDC ___-

CFUELECHRE«SKED(T2J) c00Cay7¢ |
VEUEL1=VCEC/PECB(VCRC) coocalet |
6L TC 200 00La1yt |
C IC FUEL AND OXIDIZER VOLUME CAICULATION 0000a20( |
123 6C TC (251»,252)» ICIIU conCazyc {
251  DILFAC=1,0 000Ca22¢ %
GL 10 215 (00Ca23cC |
2%2  DILFAC=0,.8 c00Ca2aL |
215 GL TC (151»,1%2,153»154)» [FUFL (00Ca25( |
C IC==hYDRLGEN METAL VATRIX AND CXIDIZER (LT&¢ CR GAS) co0cazel |
14 WIFEWHTCHCIPJ)*ENLCT)*((1e=FPCCCJI/1004)+ 000Cag7c {
AFICH(RCNYI*PCC(U)/1C0.) co0Ca2el( |
WIF=WTF«DILFAC (00cazyl {
VHMFaVEM(WTF) c00Ca30( |
WFUFLENKMFaVKNF cooLa3c
CPUELECHNM&VENF (00Ca32¢(
VEUELL=VHNMF/PEEM(VEME) c00La33C
CALL UXINZR (hEC,hED WTF,VOXTUT»THUEL» TUXIN,NUXLS,NUXGS»aUXIC S c00Ca3al |
$CLXID»COXLACPXG) co0La3sg ]
6L TC 200 c00Ca3e(
C IC==FYDRLGEN LIQUID AND UXICIZFR (LT OR GAS) 00CCa37¢
153 WIFEWFTCHOT»JI*ENCCII*((1e=PCLCJUI/100,)4 o0eCa3e(
#FICHCRCD)I*PCC(J)/Z1C0,) ceoca3dgl
WIF=WIFeDILFAC c00Cas0(
VHELFEVELCNTE) (oeLau( |
WEUELERHLF #VKLF c00Cau2¢t
CFUELECHNL*VKLF c00Laa3C
VFUELI=VHLF/PEELCVELF) coocaaat
CALL CUXINZR C(hkCoRENswTFaVOXTUT, TFUEL» TUXIDSNUXLS» NUXGSsRUXTL c00Caus(
$CLXID2cUXLLCOXG) cecCauel
GL TC 200 (eoCaar(
C IC==HYDRLGEN GAS ANP CxXIUIZEK (L 1Q K GAS) ccocagel |
182 WIFEWHTCH(ToJ)RENLCTI*C(1e=PCL(UY/Z100,)¢ (cocaast {
*FICHChCDI*PCC(II/100,) c00Cas(c !
WIF=WIF«NILFAC (0ecasyc
VHEGF=VEG(WTF) ceocasec
WEUEL=CHGE #VKGF cooLas3c
CHUEL=CHNG*VKGF c00CasSal
VFUELI=VHGF/PEFGCVFGF) (eoCasse
CALL CXTCZRC(KFCohFD s WTF,VOXTUTSTFUEL » TCYIP,DUXLS»PUXGS,»mUXICDS c00Casel
$CLXID2CUXLACOXG) cooLas7e
GL TC 200 c0CLa5e(
C IC==FYDRLCARECN AND C(XIPTZER (I T« UR GAS) ceoCasy(
151 WIFERRTCHCCI»UI*ENCCTI)*((1.=PLC(J) /10044 c00taeLl(
#FICHCCRCN)I*PCC(JI/100.) cC0Lag(
WTF=w1FenILFAC co0cagzl
VECF3VKC(WTF) (eeCae3c
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WEUELEPRCHOVKCF c00Cas4ut

CHUELECKHCH «VKCF c00Caes(

VEUELI=VHCF/PEFCCVHCF)4VSCRRINTE) c006ase(

CALL UXINZR(RFCHRFCaWTFoVUXINI, IFUEL»IOXTL »LOXLSsDPXGS,hCXIDS 000Ca67¢(

$CLXIN»CCXL,COXG) c00CaeEt

6L TC 200 000Ca69L

C BAYTERY VCLUME, WELGHFT, AND CPST (FPK ELECTRIC MUTCR) oeocarouc

142 vixinli=c,0 oceocaryc

wixIDEc,.0 n00Ca7zc

cLxir=e,0 co0Car3ac

SHPHRESKPHR4FAL(T)#PINST]l, 301 c00CazatL

GL TC (25F»2%9)» IFATT c00Carsc

258 VBETS=VRTLI(SKFFR) ce0Cazel

WEUELSCHETL T#VETLT (SHPHR) (00La77(

CPUEL=CLTE®SKFRR ¢00cCareL

GL TC 257 ccocazs(

2%9 VBTS=VRTSZ (SKFHR) 0oLaslcr

WHUFLEPRTSZAVETS7 (SKPKR) 000Cag1(

CPUEL=CS7E#*SHFKK cecoLagzl

287 VFUELI=VRTS/PEKT(VFTS) 000Cag3t

GC TC 200 c00Caga(

C FUEL CELL VOLUMF, WEIGKT, ANU CPST (FORK ELECTRIC MOTUR) cCOCaBs(

10} SHPDCI»J)=SHFLCI, )+ (PINST#Y,381) nC0Cagec

SFPHR=SKPHR4FANCCTI#(PINST*1,341) co0cag7(

GL TC (191,162,163), ITIME c00CaBet

101 VECS=VFC1(T,J) c00Capgt

VENGI=VFCS/PFECCVFCS)+VENGT 000Ca90(

WENG=WFAG+LFOS*#VFCS 000Ca91(

CENG=CFANG+CFC*SHPL(T,»J) c00(a92(

WTFz=WHFC1(SKPFR) c00Cag 3t

GL TC 19a 000Ca9u(

102 VECS=VFCO(1,4) (00Ca9s¢e

: VENGISVFCS/PFECCVECS)+VENGT c00Cagel

E WENG=RFANGHPFCS*#VFCS cocLagre

CENGZLENGHCFC*SHFC (TS J) c00LagEL

WIF=WtFCP(SHPFFR) c00Lagyt

GL YC 194 co0Cs00"

1¢3 VECS=VFCI(T,J) c00(S01C

] VENGISVFCS/PFEC(VFCS)+VENGT cecoc=o2(

WENG=WFNG+DFCS#VFCS 000LS03¢

CENG2LENGHCFC*SKHPLCT»J) 000(504C

WIF=WhFCAI(SKPFR) (00CS05¢(

C FUEL CELL FukL vOLUME, WEIGKT» AND cOST ceoCRpel

194 GL TC (19551965167, 198), LFIFL 000(s07¢

105 WHITE (3,25) co0C=08(

sToP 00Ls0Y(

E 106 VEGF=VEGCWTE) co0Cs1uC

=
.
! %
E i
k B-12
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WHUELEPKHGH #VEHGF
CHUELECKENGeVEHGF
VFEUFLl=VHGF/PEFG(VFGF)
CALL (xIN¢k (hFCohFDswTFoVOXTUT» TFUEL» TUXIN2DUXLS»PUXGS»WUXIUS
SCLXIN,COXLLCOXE)
GL TC 200
167 VELF=VEL(WTF)
WEUELEDOKLF #VRLF
CHUEL=CHNL*VKLF
VFUFLI=VHLF/PEFL(VFLF)
CALL LXINZR(RECHREP ) WTF o VUXTPI o IFUFEL» IPXTO,LUOXLS»DOXGS,hCXIDS
$CUXI0»COXLACOXG)
GL YC 200
168 VEMFzVERNM(WTF)
WHUELEPHME o VENF
CHUELSCHNMayENMF
VREUEL)I=VHVME/PEEMCVEME)
CALL LXINZR (KFCohFDswTFoVIXTUT,TFUEL »TUXIN,NUXLS»NUXGSsmUXILS
s$CUXINsCUXLICOXE)

SUM VOLUMFSs WETGHTS» AN( COSTS
INCLUDING PRCP, C(CN, SEN, NFUT» AND NAV

NvNOOoOOO

ro VFROPI=VFNGI+VFUELT+VOXID]
VCON=pP*yCD
VAEWSVCONSUNAV4VSEN+UNLT4VPROPT
WCON=LCLUN*VCCN
CCUN=(CD*ED
ChULL=CHP*WHLLL/1CCO0.(
WRAV=LNAVRVUNAY
WSEN=LSEN*VSFEN
WAUT=LAUT*VNUT
WNEWZRFAGEWFUEL 4wl XID+WCON+¥ MAVEWSENERALTeWFLLL
CUST=CFNG+CFLEL+CUXTR+CCONSCRAVECSENSCNLT4CHULL
DFEWT=VHULL* 60,2

CALCULATE VOLUMF INCHRFASE REGUTPED

IF LARGE» RECALCLLATE

IF SMALL» CHECK AND AQJUST FUK NeUTRAL RUNYARCY

1F NEGATIVE (FRCM PREVIOUS CALCULATICN)» CHECK FUKR NEUTRAL
RUOYAMCY (VWCR=ZAVG CF LAST TRU CALCULATICAS)

OO0 O O

IFCVINCK JLT, Co0) GO TO &%
VINCRS(VNEW+VELOY)=VWUK

C #*E XTENDww
IFCIEXT L,EG, 1) GL TO 201

B-13
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(00(S11(C
000LS12(
c00LS13(
000(S14(
000C%15¢C
co00LS16(
000(=17¢L
coccsyel
000(81%(C
ceoCs20(
co00(S21¢
cocceszel
c0oLsz3L
(ec(szac
(00(s25¢(
co0(S26¢C
ceocs27(
(C0(S28kL
concs2gl
Cceeesacc
(00(531¢(
c00(s32¢(
c0CC=33¢(
ceoCs34al
c00(535¢C
ceocsS3ec
(c0Cs37¢
(0C(S3&L
co0Cs3%¢(
(00CS4uC
(00LSaI(
(00CSag(
00(S43L
c00CSauc
(C0LS45¢
(00546l
ceoCsSar(
c0CL&akC
(C0LSust
00CSS50(
(00(8S51¢
cooLS52¢
coeLssS3c
C00CRS4L
000(555(
cCOCsSel
CO0LEST(




o

NCSC TM-232-78

WhITE(35442)

WRITE(3»22)CFNG»CHLEL »CUXIN2CLON,CHULL

WRITEC3,38)

WHRITF(3522) VENGTAVFUELIoVOXTUT)VUNFRsWNER,CLST,DPWT,VINCR

¢ eep XTENDw®
20y IF (ABS(VINCR) 6T, (VKULL/Z1PULC)) GO TL 550
C CHECK FCh NFLTKAL BLLYANCY
8= ) VEOLD=VBULY
VINCREQ,0
VEBUOY=WNFW/64,2=VNEW/HVEFE
TECVBLCY LT, ¢.C) GC TQ St
IF CCVRUNY=VELLU) oLTs (VRLLLZ100.0)) GL 10 51
C #ep XTENL*®
IFCIEXT LEG. 1) GL TO S7
WhITF(3,843)
WHITF(3,59)
WRITEC3I227) WAEWsVRUNY, WENGoWEUEI s WOXIN2WCONsWNAYV S WSFN, WAUT
(o AEXTENDww
S7 6L TC =50
C ADJUST FCh NEUTRAL HULLYANCY
51 T1FC(VRLCY) 91,925,693
91 PLEAD==(VELOY*£€4,2)
VAIR=(,0
GL TC 94
927 PLEAC=0 .0
VAIR=(,0
GU TC 64
93 PLEAD=C,0
VAIR=VRUOY
C
C OUTPLT RESLLTS
C
9a WRITF €3426) MSHNSFNPCT)»ChIZCJ)pDASKHCJD»FCC(JIPSHPC(I,uU)»
SSHPDCLlsJ)s VENGT o VELELT»VCXIT ToPLFADSVATRsIPRT2BD,COST
<
C NFwh SPFEL
205 CONTIME
C NFw ENDUKRANCE
WhHITE(3,837)
210 CUNTIMN L
S10P
END
€
[
SUBRCLYINF OXITZR (RECH)RKUs*THHNOXIDT» TR EL > TUXIULNUXL S,
$DUXGS,hOXIN,CUXIR»COXL,COXG)
c
i e
A%
.;Qphlx 990 >
1585 e 10
o A0 it
8t 00211
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c00(5S8L
000CS5¢(C
000CSeuc
c00C(S61C
c00(562C
c00C%63C
(00CS64(
(00LS65¢
c00LSe6(
000CSe7L
000(se6b(
(00CSEyt
000(S70(
c00Cs71¢(
n00CS72(
(00CS573C
00CS74l
0015750
000Cs76(
coocszL
oeCs7al
(00LsT7Y(
(00CSBLC
(0c(sey(
co0CS8e(
c00ls8E3(
cCOCSEucr
(C0LSRS(
onoccsael
coocsgr(
(00LsSBE(
co0Lseyl
000CS90(C
00CsS91¢
(00059«(
000(S93(
(00LS9u(
(00(S595¢
(0ocsgel
coeccs97(
c00(=9¢el
000Cs9ul(
000CEOUC
(00c601(
(COCE0(
c00Cée03L
nO00CL&OGC




;
NCSC TM-232-78
: l
2 1
- |
C  SUERUUYTINE CALCULATFS INSTALLEP vp j
LUM ;

C OXIDIZER FOR EACk TYEF OF FUEL g S e i 000LEOSC 1
¢ 000C&06( |

3 ¢ OXYGEN GAS (3,000 FSI) ANU CANTATNMENT 000C€07(

VUXGCWCX)I®3, 040,067 #w0X CcO00CEQEL

4 OXYGEN LIGUID AND CONTAINMEANT c00CAOYL

VUXL(RCX)®E3,0404C179#NOX €00Ce10(

c OXYGEN GAS c00CEY1(C

PFOXG(VOXGS)=0.95 (00L& &C

< OXYGEN LIGUID 000C#13(

PFOXL(VOXLS)=(,95 c00CE14L

GU TO (1415162,162,167), IFUFL 000C€15¢

: 161 WOXsWIF/RHC g C00CET6(

GO TQ 17n cO00CEYT(

162 WUX3WIF/RKD 000CE1BL

170 GO TO €171,172)» 17X 000CE15¢C

171 VOXGSsVUXGCHEX) I €00C£20¢

WLXIDENNXGS*#VLXGS (00C6E21¢C

CUXID=CCXG*VOXGS (20(!2?(

VUXIDI=sVOXGS/FFOXGCVOX c00CE23¢

RETURN sk 000CA24(

172 VOXLSEVOXL(WCX) 000C625¢

WOXIO=POXLS#VOUXLS 000Ck26(

1 CLXID=COXL*#VCXLS 000LE27¢

VOXID1®VOXLS/PFOXLCVOXLS) co0Le2eL

RETURN 000629

END 00C63C(

(4 0CCE31C

c c00Lé32(

b SUBRCLTYINE DRAG c00C633¢

c 000C &340

g DRAG CALCULATION 0000 €35¢

ALL FINAL COEFFTCIENTS CA AT y 000CE36(

¢ LCULATFU WRT/ WETTED AREA C00(637¢

CUMMON RWD,RWC s RRL»RRC,COWN, FUWC, CORN, CLE cooLesst

CoCFm Fw ;

snPcuD.FPChC.PPCBE.FPrHC.ﬁ:ﬁl;NC.A.CFPAS-riéui,g;gkvf;:rpc‘t‘uc' BSLS ASL

SIEXTHIREYSDASFSCRLZ,WCHDSVISCABL,GSTIZMokLE, » qoocaao(

L SFPRT,RTPRT, COFRT,EC, WTOC, WARA S WHF T,y bl

: 881  FURMAT(17X,aF10,85F10,254F1C,5) 000Ceh2c

882  FURMAT(™ REYNC NC. FOR BOUY TS LAMINAR®) 000L6a3(

883 ‘FLRHA1(anlSPhC/hC/Hnlac--Rivng RUF CERUF o cggt:::(

: SOH A CFBA CFK ; - ¢ 3

: 8ha  FURMAT(4F11,5) e o i 3 000CEa6(

885  FURMAT(™ CFWDRsCFRCsCFBD,CFRC™) 000Ckaz(

886  FLRMAT(™ COWDSCONCSCPHDSCORC™) 000CEAEC

BAT  FLRMAI(= ERRD==K/L GT 5.La") o

MENSTON CRUZ(2C)»DASK 000C650C

e 000(651(

3
9
CTICABLE
UALITYF?A
: mHISPAGEISBES?Q‘ o BOC 5 i
FROM CcOorY FUn.NlD
B-15




NCSC TM-232-78

C
C CALCLLATE WING ANP R(PY hEYANU
C

RRODZNASHEJ)I Y ,£BR*WCHN/V]SC

RACECRLZ(J)* ABR*WCHO/V]SCO
REDSCASACU) ) (ABR*FL/V]ISC

RECEChLZ(UI "1 ,68R*FL/VTSC

CALCULATE ROLY ANP wING CF FLR FACKH SPFFOD

a0 o

*#*EXTENDew
IF CTeXxl kG, 1) CC TU 358
WhHITE (3.FR3)
C et XTENDww
=8 Nl 3RL IREY=1,4
GL TC (351235,03%23,354),nbY
3= RERWN
RL=WCHP
GL TC 270
3s2 RERKWC
RL=WCHP
6L TC arn
3%3 KERRD
RL=RL
Gl YC arn
=g R=RRC
RL=RL

BASE SKIN FRICTILAN

w oo

70 RUF=GSTZM/Y (2t a/kL
IFC(RUE oLTs 1cCL=t) KUF214NF=n
THCRUE AT, 1,0t=a) WRITE (206R7Y
IF(RLE oGT. 140k=4) klUIFz1.(F=4
CFRUFM=1 ,667F=tv(ALUGIC(RUFI+B,0)*w2,04( ,0017
RC=Y,CF6=RUF*e,0FY
TF(R 1T, kC) GU 1C 371
TH(R o1 Ty 14CE7) LO TUL 372
6l YC 2373
C LAMIMARI  KFYNU o1 T, RC == KUFFtER, P, 2=8, Z=6
37y CFBAS=1,312R/Reas, S
CHRUF=C, D
CEPRT=r .0
GL TC 390
C TRANSITILAE RC LI T, REYNC LT, 1E7 == K(FKNER, ¥,
372 A=3594,0#A1 OGIC(RC)I=1Ha15,.0
CPBASE 455/ (ALCGIC(R))IewD SP=A/k

W)
chP
ot
1
558 9\9‘{0 w7
s ?\W“Sﬁw
832 ot

B-16

(eceeszl
(00LESIC
cOCCeasal
(00CESSC
cOCLESEC
(COCEST(
(00LESBI
(00CESYL
(CCCerel(
(00CABYC
(CUCABEL
(00CkRg3(
(0CCkrELt
(00 AESL
cOCLEBE(
(00CkBTI(
(COCABEL
CCOCEEGL
CCOLARTLC
C00CFATIC
(0CCETZC
(COCATIC
000CET UL
CCOCETSL
0COCETEL
(00CaTT7C
00CCLATEC
(00CLETOL
coocesuc
cCOCaB1C
00 ap2(
cCoCep3t
cooLéput
(00 CEBSC
c00CeBEC
(00C6&8T7C
cO00(AREL
cooceeyt
c00LE90C
0C0CE91L
000(6E92(
(00(693¢C
(COCESHL
(00 E9S(
(00Ce9eC
cCOCE9T7(
c00Ce9RL
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3e2
C

[
363
C

C
364
C

3er0
C
C
C
¢
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C
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3¢6
C
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CFPRT=(,0

TFCCFRUFM (GTe (L45S/CALOGICIR)®22,58))) CFRULSCFRIIFM=CFBAS
IFC(CFRLFM LFe CFEAS) CFRUF=C.0

GU T0 390

TUKRULENT (ABOVF 1.CE7)t  INCLIPE PRUTUR == KOERNER, Ps S=1, 5=7

CFBAS®,455/(ALCGIC(R))##2,5F

THCCFRUFM oGTe CFEAS) CFRUF=CHRUFM=CFEBAS
THCCFRUFM (LFo CFEAS) CFRUFEQ,.Q
CFPRTE] ,3I2#FPhT*CLPRT*(HTPRT/KL)w%,3330hwe, (67

CH=CFBAS+CFRUF+CFFFRT
SREXTENC e

IF CIeX1 6@, 1) GC TU 400

WEITEC3»AB1)R)HUF»CFRUFMyRCrAsCERAS,CEFRLF»CEPRT,CF

**EXTENU®®

GL TC (361»3€2,3/3,364), IRFY

CtWDS(FBAS

SAVE CONTRIRUTICM OF K & P FOF
RECWDECF /CFBAS
GL TC 38n

CEWC=(FBAS

SAVE CONTRIRUTICAN OF F & P FUk
RFCWC=CFH/CFBAS
GU TC 1380

CHBOD=LF

SAVE CONIFIRLTICN UF F & P FLF
RFECRC=CF/CFBAS
GL TC 380

CHBC=(F

SAVE CONTFIRUTIFAN OF K & P FLF
RFCRC=rF /CFBAS
CONTINUE

WING

wWirG

PLDY

PUNY

TRANSTTTI(ON NRASH CP CALCLLATIGA

TRANSTTICN CRUISE CP CALCULATIULA

TRAMSTTTILM NASK CN CALCLLATIUN

TRANSTTTLN CKRUISE CP CALCULATIUAN

CALCLLATE BOLY TUTAL PRAG COEFFTCTENTS, GIVEN CFBD AND CEKC»

HOERNER, &=16, 6=17

CRUISE PLNY, TRANS ¢+ TURH
IF (RBC=1.E7) 36F»26F»365

CUBC=CLFBCR( ] 441 eSa(BO/FLI** 1547 ,#(RD/PL)*#3,)

GL TC 26r

IFC(RRL oLTe 1¢F6) WRITECI»RED)
CLBC=(,001#(ALCGICCRRC)I=64)4sUC2)*RPCHCE

DASH BOCY» TKANS & TLFRAR

(00(E9%(
couLToUC
c00C701(
(COCT70E(
c00(703¢C
000(704(
(00L705(C
(00(706¢C
000(707¢
ceoLTOEL
c00L709L
cOC(TL0C
000CT11(
nCO0(T712¢C
00C(713¢(
000( T4l
(CoLTyst
co0CT1e(
c00L71/(
(00CT716(
cCOCT1%¢C
(Co(720(
coccr21¢(
(C0(72¢c
000723¢
(0C(724¢
00L725¢
000(72¢(
c00(727¢
c00(7286¢
(00C729C
(00C730(
000731
G00L73e(
0007330
0007 34(
0e0(735¢(
ce0C736(
c00C737¢
000CLT3kC
c00C739¢L
0C0C740C
c00(7a1C
(00C7le(C
00L743(C
cCO0C744c
CO0LTLS(

THIS PAGE IS BEST QUALITY PRACTICABLE
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NCSC TM-232-78

IF(RBL=1,E7) 450,450,449
CLUBDZLFBN*(],+1,5*(BN/RL)*#1,5¢7,¢(BD/RL)#*e3,)
GL TC asy

IF(RAL LT, 1,66) WRITF(3s£R2)
CUBD=(,0N1%(ALCGICCRRD)=64)4,UN2)*RPCRN

CALCULATE WING TCLTAL PRAG COLFFTCTENTS

CALCULATE WING TCUTAL CRUISE URAGs GIVEN CFrC

It (RhC LT, 1,ES) GC TO 38?2
IF (Rhe LT, 1,t€) GO TO 3R1

TUKBLLENT==HUFRAER, (=6

CLWCENARA/WWET a2 ,#CFWCa(1 o442, *NTNCHE0,#nTLCHwd,)
GL TC 383

TRANSITILA==CURVE FIT TO KOEKNFFR» 6%2
INCLUDE KuF AND FROT FROM CFal CALCULATIQN
COWCERARA/WWE T #10 ,#%((,1642,F7T*«nTUC)*(ALCGIOCKNC)=A I ne2 ¢

*ALOGIC(s0C344,0227#WTUC)I*RPCRC
GL TC 2383

LAMINAR==FOFRNER, 6=5

CUWC=RAKA/WHET#(2,2CFMC*(1,P4nTUCI4WTLC*42,0)

CALCULATE WING TLTAL PASH DRAG» GIVFN CEWL

It (RRP LT, 1,ES) GC TO 38"

IF (RhD LT, 1,t€) GO TO 3R¢

CUWD=hARA/WWF T#2 ,C+CFWN* (1,042, 0%wTOC+AC,C*WTUC*#4,0)
6L TC 387

CUWD=WARKA/WNFT#1C #%( (164267 *#WTUCI*(ALCGIUCRND)=6,)%%2,¢

*ALOGI((,0C384,C227+WTUC)I*KFCNC
GL T1C 2387
CUNDZRAKA/WHE T# (2, C#CFRD&(1,CH+WTNCI+WTNC#a2,0)
CUNTINLE
wrp XTENCww
IF CIEXT <FQ, 1) CC TL 388
WHITE(3sR85)
WhITEC3,884)CHWD,CFWC,CFRU,CFBC
WRKITE(32RE6)
WhITEC3I,REL)CLWOCTWC,CORDCPDC
**EXTEND#*

CUNTINLE

RETURMN

END

Y@c‘i‘y
\st&‘ﬁ o ~
Sqﬁﬁgg:;p'wagpl‘
ehgﬁx;uﬁﬁxb
19}5 {11
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APPENDIX C

SAMPLE EXECUTION




1C ENGINE» )QUID FUELED 3

NCSC TM-232-78

shaTAPSS/VARSE wea(Dy127R)#2aa]15150m s

APR 78

SPEEDNS AMD ENDURANCES

MISSTON END» H<S CRUISE
1 6.0
2 6.9
3 6.0
[ 6,0
5 ]
6 A.0
7 8,9
8 R,0
9 R,0

10 8,0
11 8,0
12 8.9
13 10,9
14 10.9
15 1069
16 10.9
17 108
18 10.9
19 12.9
0 12.9
21 12.90
2? 12.0
23 12.90
24 12.0
25 16,9
26 14,9
ra4 14,0
28 16,90
?29 14.0
30 14,9

» KNIJT

NPAL WNVNRAACWVUNPIPADTWNNRAINSNIVNRTNS DN
© ®© 2 ® © ® 4 0o e 0 0 e ® 8 ® ® e " e o 0 s e s s s e o s o
DI IIDDIDIIDIDIDIDIDIDIIDIDIIDIDIDIIIDDIIDIIIID

$ DASH» «NOTS

‘.o
640
B0
10.0
12.0
l.'o
4.0
6.0
840
10.0
120
‘a.o
4.0
600
8'0
100
120
14,0
‘.o
6.0
Be0
100
120
16,0
4.0
6.0
8.0
10.0
12.0
16.0

TRADE=OFF ANALYSIS NF PROPYLSION SYSTEMS FOR SUBMERSIALES

PERCENT CRypSE

CO0DDO0DODDOODDODIDIOODIVODD0O0D0DIIDIIO0O0DD




NCSC TM-232-78

PROPULSTION SYSYFM INFORMETION

CLOSED CYCLE 1C ENGINC
HYDROGEN LTQUID FUELE)D
AIR DILUTED

LIRUID NXYGREN

TIME FRAME==1985

WING AND HULL GEDMETRY
NO.= B T/C=0420 §/BL=0,10 S/Cs1,00
PRISM CNFF=0.6835 LsD= 5,27 My PACK FFF=0,90 ND WET AREA=13,174

VOLUME INFORMATTON
VIN[TE 30,0 VNAVE 3,0 VSENE 93,0 vNyts 0,0 V3, CoN/UIAs 0,5

RNUGHNESS INFORMATION
HT, CDs» AND FRACT FOR PRNT 95,003 5,590 0,005 GRAIN SI1ZE» MILS® 0.10

DENSTITY OF COIMFNNENTS
DRRE»DICF,PEMESDFCS» D T1C,DCBCsNEON,DNAVINNUTSISEN, DHMF ) DHLF»DAGF»DHCF»DOXGS»DOXLS,C
53. A4, 100, 80. 70, 70, 50, 40, 60 40, 94, 23, 47. 60 S50 60, 11

MISCELLANEDUS IMFORMAT]ION
PROP EFF= D,RO INST A= 2,5 SW TEWP F= 50, F/0 RAT]I0® HC» H21 4280 4125

COST OF COMPANENTS
CNAVSCSEM,CNUT» CCDsC3RELCARFICICE,CSZBsCLIBs CFC» CEMsCHCFOCNDG»CHDLPCHOM»COXGHCUX
150,0300,0 75,0 6.0 0,5 0,5 0,5 03,7 0,3 27,0 0.2 1,0 2.0 3,0 3,0 2.0

VEHTCLE HULL TAFORMATION
DEPTH, FTx 1000, YHJUNGS ELAS “0p, PSI= 80000000, MATL YLELD STRESS, Psl= RQU00.
MATL DENSITY, PCF= 490, SAFETY FACTIRE 3,5

QUALITY PRACTICABLE

T
pH1S PAGE IS BESTQUART ™

FROM COPY FURNISHED
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crer e g

-—om e o
e o o o
= om

-— -0

cccoccoc

TN O~

0.0
0.0
0.0
0,0

1003,8
1036,9
1114,5
1904,5

6.8

[
b,0

16,5

14,8
15,5
l,la
36,1

3.6

25,2

)
)

v
ot
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9

d.0
J.0
deD
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6.0

8.0
14.0
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14,0
14,0
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ELUCK =30 wOKPS,
CFEATEN? 03722778 LISTFL Y 1756 VS/910/78

CONTATNS 20C KELCRPS,

IC FANGINE, LIQUIL FLELEP 3 AFk /p
1
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(00Leeyt
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APPENDIX D

TAPSS PROGRAM FLOW CHART




NCSC TM-232-78

(START)

DEFINE VOLUME, PACKING FACTOR
AND FUEL CONSUMPTION RELATIONSHIPS

READ TAPSS/DATA:

ENGINE AND FUEL OPTIONS
TEMPERATURE, PROPELLER DATA
MISSION PROFILE
WING AND BODY GEOMETRY
SURFACE CONDITION DATA
PAYLOAD VOLUMES AND INITIAL
VOLUME ESTIMATE

WEIGHT FACTORS
COST FACTORS
HULL MATERIAL DATA

PRINT INPUT DATA

ENDURANCE COUNTER
Jdi=d +1

SPEED COUNTER
I1=1+1

INITIALIZE VOLUMES

VNEW = VINIT
VBUOY =
VINCR = 0




NCSC TM-232-78

4

UPDATE PROPULSION AND PAYLOAD
VOLUME

VOLUME WITHOUT HULL
VWOH = UNEW + VBUOY

HULL DISPLACED VOLUME
VHULL = VWOH/HVEFF

CALCULATE VEHICLE GEOMETRY

BODY DIAMETER AND LENGTH
BD= f(VHULL,PRCF,BLOD)
BL= f(BD,BLOD)

WING GEOMETRY

HULL CONSTRUCTION & WEIGHT

)
DRAG CALCULATION

CALCULATE DRAG COEFFICIENT
FOR EACH SPEED, FOR WING AND
BODY - (CDWC,CDWD,CDBC,CDBD)

HORSEPOWER CALCULATION

CRUISE:

SHPC = f(CDBC,CDWC,CRUZ,
WING & BODY WETTED AREA,
EPROP,PINST)

DASH:

SHPD = f(CDBD,CDWD,DASH,
WING & BODY WETTED AREA,
EPROP,PINST)

|
CALCULATE INSTALLED ENGINE, FUEL, & OXIDIZER VOLUMES

VENGIJ = f(SHPD, ENGINE DATA)
VFUELT = f(SHPD,SHPC,PCC,END, FUEL DATA&
VOXIDI = f(FUEL WEIGHT, FUEL TO OXIDIZER RATIO,

OXIDIZER DATA)

i
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!

CALCULATE TOTAL VEHICLE WEIGHT & VOLUME

VNEW = VCON + VNAV + VNUT + VSEN +
VENGI + VFUELI + VOXIDI
WNEW = WCON + WNAV + WNUT + WSEN +

WENG + WFUEL + WOXID

CALCULATE INCREASE IN VOLUME REQUIRED

VINCR = VNEW - VWOH + VBUOY

CALCULATE BUOYANCY REQUIRED

VHOLD = VBUOY
VBUOY = WNEW/64.2 - VNEW

VBUOY 5\ < ADD_BALLAST
0 PLEAD= VBUOY x 64.2
=
ADD AIR
VAIR = VBUOY

(VBUOY - VHOLD):
0.5
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l

CALCULATE VEHICLE
COST

OUTPUT RESULTS

SIZE, VOLUMES, BUOYANCY, BALLAST
POWER, DISPLACED WEIGHT, COST

(STOP) |

D-5







