E = |g3|Av2K/2 (22) . Staggered momenium cells

whe: K is the expansion or contraction loss coefficient as defined by /

Kay :nd London [10]. This resuit is valid for both expansions and

corf - .ctions. i
It - important to note that the derivation of (22) assumes that for

an i+ antaneous Reynolds number and geometry, the rate of dissi-

i-1 i i1 fe2

pati; for unsteady conditions is approximately the same as that for
_ stewy conditions 4 P
X4, et al. [6] show that for steady, incompressible isothermal flow \\ A
thsre is a relationship for E in terms of the steady-state friction factor Energy ond continvity celis
Ef. Fig. 5 Application of the continuity, energy and momentum equations
(parallel flow — shear

stress terms only)

1 (23) can be considered to replace only those terms due to shear
work (in accordance with the previous assumptions on the friction
factor), then (23) may be modified to include the effects of the normai
stresses which are again easily evaluated from the differential energy
equation (again making the relevant Newtonian assumptions). The
final result for parallel flow dissipation is then [5]:

quasi-steady assumption is used by assuming that the local heat
transfer coefficient is solely dependent on the flow geometry and the
local Reynoids number. In this work the Reynolds simple analogy {11]
has been found to be satisfactory since Prandil numbers ars in the

pey

os

2 —
E = Vu{2(gv)2Fr/d? + % l-a% (gv)] ] (parallel flow) (24) P4

b

Note that {94) is alwavs nositiva as would be expected. O
\=%; 1S QaWaYs ..cva.-:-v a8 wolll exp . 4
__ Aheat transfer coefficient is defined to evaluate the Q. Again the e
1

e

T

w

lows: o

h = kFr/(2d) (25) s 4

Transport properties are either evaluated from ideal gas results Lt
(specific heats at constant pressure or volume and gas conductivity) Fig.§ Eficiency versus number of cells [2]
or empirical formulas (viscosity using the Sutherland formula). This
approach has been found to work well, but it is quite possible to use

empirical formulas for all the transport properties if additional ac-

curacy is required.
Results
Method of Solution | Numerical Behavior. Fig. 6 shows thermal efficiency plotted
To complete the equation set, an equation of state must be speci-  against the number of cells, using air as a working f'nud and at dif-
fied. For this work the ideal gas equation was found to be ade- erent operating frequenc “. 31 . ] D! "
Quate: thetical engine previously described by Urieli, et al. [2]. .
| | Tt can be seen that the model is extremely wall behaved. The dif-
pV = mRT (26) ference in thermal efficiency for 39 cells and 45 cells is only 0.1.
Conduction in the machine’s solid parts is included by writing the 2 Experimental Verification. A prchmmll'y program to ex-
energy equation for each solid section within each cell {2, 8]. This perimentally verify this approach has just been completed at the
procedure is standard and is not repeated here. University of the Witwatersrand and has been presented in the lit-

The complete set of equations for the working gas and the solid  erature [3]. Figs. 7 and 8 show an example e?mpaﬁwn between ex-
portions of tl.’he machi ne.:e applied mﬁuhaﬁawﬂ'yiﬁ escholemental perimental and simulation pressure-theta diagrams. Fig. 9 shows a
cell as indicated in Fig. 5. The energy and continuity equations are  similar comparison for the temperature distribution along the ma-
applied to each consecutive cell whilst the momentum fluxes are not  chine. ) ] )
defined within the cells but only at the nodes. The momentum The discrepancy between the experimental md_nmu.lauo? ex-
equation is however stepped along the machine by one cell lengthat  pansion space pressure profiles is not fully understood. It is believed

a time. This arrangement staggers the application of the momentum that this is probably dus te mel?ksi]n; sufficient aceount of gas mo-
i be determined at esch mentum in the working speces {J, 5. _
:qo:‘:‘on 0 that the Fiomentum, fluses can oo Table 1 gives a comparison between experimental and simulation

_ solved simultaneously by using explicit techniques such ss Runge _imental error of approximateiy £ 7 percent.
Kutta [2, 5, 8]. Thi warm riod which requires that A com! ! des " .
. em.[i'z w:'] a?;z:cm has a. nu.rn::’z; times until cyclic steady showed no inconsistancies in the simulation results (3, 5].
state has been reached. This would be equivalent to the thermal 3 Performance of 3 Hypothetical Engine. Urieli (2, 8] has
equilibrium state of a real machine. A technique has been devisedto shown that it is pomible to use this approach to generate performance
force the system to cyclic steady state at a much faster rate. Thisis  curves for any bypothetical Stirling engine. A set of such curves is
done by altering the regenerstor matrix temperatures in a weighted given in Fig. 10 ‘I‘hucdcun- have been shown to be in agreement
*["-'hionuntilnonezhugi.mfcrndmthengenenwm"cyd‘ ;;ltht.hcmﬂt!ﬂld performance curves of real Stirling machines
2,8). .

The resulting set of first order differential equations (in time) is  values for a heat balance over the entire machine. There is an exper-
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s - a— T N '
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‘ii_\.‘ \Q“
Conclusions _|.-1
A more rigorous analysis has been presented to rationalise the ap- £’ |
Prouch first presented by Urieli, et al. {2]. The modelling of viscous ;"'
‘“lllpmon and the inclusion of the normai stress terms have further $. ]
improved the accuracy of the model 2
Preliminary experimental comparisons are favourable and it would “ o

Appear that the model can predict the performance of a real Stirling
machine with an acceptable degree of accuracy.
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E.1 Introduction
One of the aims of this work was to write a rapidly executing computer

pr'ogramrhe that would calculate the performance of either fixed or free
ines with acceptable accuracy. The programme

Calculations for a single cycle are so rapid that multi-variable parametric
ompleted in minutes. Similar efforts using

)
o
»
4
0

3

simulation methods are extremely costly and may take weeks to complete.

E.2 Programme Description

TWWMMBMMmmd on the Apple

Macintosh computer. This is one of the newer structured versions of this

}anguagewﬁeweﬁepsﬁtaipl%powettwnmgfﬂ%ing features not found on

older versions. It is, however, an interpreted language and therefore does
not have the speed of a compiled language. The transiation of this code to a
compileable language would greatly improve execution time.

calculations.
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2) A set of subprogrammes that excercise the linear analysis in the
various ways specified in the input section. For example, sensitivity

plots, optimisation or just a single point solution. These programmes
also handile the output.

3) The linear an2lysis.

The input sectfon will not be listed here since it is long, machine specific

Mpmmmmﬂmt A table showing the location of the engine
variables is given in Table E.1. This is the table constructed by the input

section and loaded into the matrix DAT.

The subprogrammes that manipulate the linear anaiysis are:

a) GRAPH which simply presents the output in a phase plot of displacer
and piston motions and a2 p¥ plot. This is very usefui for iaboratory
work since the experimental data are generally taken in similar form.

b) PERF lists a performance summary of the nominal calculationpoint.

c) L.INV lists a loss inventory.

d) SPLOT produces sensitivity plots of sets of dependent variables against
a selectable independent variable.

e) OPTIMIZE will optimise efficiency using up to four engine parameters
selectable by the user. A Hooke and Jaeves algorithm is used, described
fully in [KM73).

The linear analysis section includes subroutines that calculate one of two -

basic ideal cycles, namely, the isothermai (or Schmidt cycle) and the ideal

adiabatic cycle. Either basic cycle may be selected by the user. Also
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included is a full linear dynamics analysis or a simple fixed sinusoidal
dynamics model, again selectable by the user. Parasitic losses are

Caiculated within the body of the linear analysis section.

Figure E.1 shows the output of GRAPH, PERF and L.INV. The puli-down menu
system indicates that the adiabatic basic cycle has been selected. The

interface and output of SPLOT is shown in Figures E.2 and E.3 and similarly
for OPTIMIZE in Figures E.4 and E.5. Figure E.5 shows intermediate results

-—be 21! ls‘“l -

from OPTIMIZE, which can be seen to agree with the sensitivity piot in
—Figure E.3. On completion, OPTIMIZE will create a new data file with the

optimised parameters.

€ Options sparch Run Windows
vAdiabatic  Ho Loss inventory i‘w‘i
e Cooler Diss.. . .. . 1.60E+02 Disp. Gap Loss. ... 1.43E+01
\\Isomermal Regen Diss.. . ... Z.64E+02 StwttleLoss. . ... 3 .61E+01
N~ Heater Diss... . .. . 2.97E+01 Regen. Heat Loss. . 8.15E+02
N Comp. Hyst.. . ... 9.61E+00
Exp. Hyst........ 1.926+01
}‘ \ Bas Sor. Hust.. . . . 1.14E+02
N é N Bounce Hyst.... . . . 3.34E+01
Disp. Seal Lig.. . . . 0.00€+00
\\\ \ Pist. Seal Lig... . . . 0.00E+00
7 P = Rod §1. Lkg.(Disp.). 0.00€+00
AN \\\ ‘ Rod S1. Lkg.(Pist). 1.33E+02
N Gas Spr.Lkg.. .. .. 7.09€+01
™ ~ Gas Conduction. . . 7.61E+01
f= 603 _| Regen. Yall Cond.. 2.07€+02
Xp= 1 hterml WallCnd.. 1.07E+02
P= 1446-0220 Disp. Friotion. .. . 9.91E+01
Xd= 1.34E-022 55.4 pist. Friction. .. . . 1 25E+02
D = 1. s7e+054 13. 4 Rod Fric. (Disp). . 0.00E+00
2‘3973 w‘m1W'12 04‘10 Rod Fric. (Pist.). . 0.00E+00
Power = 1 0ZE+05  Heatost= -4 93E+0Z  Hestine 6226403  Efficiency =  0.165
= : z - or AT= 4749
Cooler fineff.= 1.000 Heater fin off. = 0932 Regen. Effect= 09746

% Carnot (gas temp) = 0.333 % Carnot (wall temp) = 0.300
Figure E.1 Screen Output of GRAPH, PERF and L.INV
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& Options Model Search Run Windows

N - ol seleclor i
/”‘1\\\ Select independent verisbie and then
' selact sny number of dependent verisbles.
| hNI T lindsosncent veriavies
. I TTIOwk Omwh Olp OMd OMp
N\\m — N |
) » Ad Arod OLk Lr
Q\\\\_\ \ OMe O O O ®
NN Olh ONk ONh OPSI O¢p
\\\ -

R e O vd(o) O vdli) O Rreg JR
f= 6032 : DU
:’;“ (4460220 Dependent variabies

" lseaze s 3 @Pwr @Eta Qf  @Pnid OPhip
p- 14?E+054 134 f 'Phid O Phip
&3973 ua-m1 Qp=12 oa-t.o QHB

 of
T

nterfac oT
The selection of the parameters show that power, efficiency

and displacer/piston phase 1s to be plotted against variable /.

v

€ Options Model $earch Run Windows

e M SN '3 cooler flow: T Heater flow: Tr
{ ~ i
N X
S N :
xﬁ"sx“xﬁ : —~od
N"x

N
"‘.\
x‘*] {10} D
P i e Pwr

f= gg
:=\:;= ‘..;4-.5-32 0 AN
'_ “la -3
b‘ 147{'"1“ ‘1_.‘4
|
0D = . =] )
qu Maz-.«p1nns12 04:10 ‘5‘0‘:,}32' ST S 14;3&01

Figure E.3 -Sceen Output from SPLOT
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' M Model <$earch Run WIndows

" Save dota ..{__...... Efficiency Optimizer
/] Changes Select up to four variabies for optimisation.
~ Lassajous
Sensitivity
Tt 1 Loss inventory Mun  AMd O3 M O Ared OV1k
. l'\s I ireasc o ba s in N \J np U rwe (WA g ST vu s~
l N ¢ upuuu)uuuu r
| New file 5 @Lr Oth ONk ONh OPSI
- Quit A
N Q freg
l ~ ‘\k\\(
f= so.is | - Done
X 1.44E-02 2 0
xd' 134E-02‘ 55;\ e
P= 147£+05.:-134
&39?3 u-m1 QP.1_2 0d-10
Figure E.4 Interface with OPTIMIZE
The selection shows that /. will be optimised.
,
- ¢ ;i Model <$earch Run Windows
number of function evaiuations i5
End of each pattern search
\‘\ Yariables
‘\ 049
sum -.1946537
5'&\\ \\ number of times step size reduced 2
‘\\j
-~ \\‘\\ \‘ \ ‘
NN R
NS
"= 144E-0220 AN
| M 1348022554
l f’lﬁ i 47E+05‘ 134
| W=3972 wt= 2781 Gp=12 Qd=10

. m
After fifteen evaluations the optimum length is near 49mm and
19
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Table E.1 Matrix of Input Variabies for Computer Code

1 2 3 4 5
vl o | Rk Twh f Ap
2 m d e ﬁp : | mC A AR
couler ty hester typs for fixed for fixed
4 gas type m:O%slMtO.ﬂm-l of dynamics ¢ d{wmcs‘
5 % Ly Ny (bes) Vel "aoxt mech spr)
6 dh [h nh ‘M) Vc]e -
- n Ifhee) . th
8 ﬂh a’h N, (s h h
d
9 [remoacstortype | Kor L, ¥ m
displ. spr: sing#0,| y v -
10| doubet mact=2 Vosi  |"gso T gs %ok ]
11 - - - -
. ' dispiacer sesl type|pision sesi type
12 p'd }Lp | ) clear = 1, ring= 2 clu--i.’:usz
' paion coarwce |1od oS0 0% |t o el

- - width
clear = 1, ring 2| gap or ring sl no of seals _|PisLRo of sesls :dmorud;

or
1 or materis! or metorisl ' e e iad laakane nath
‘ ‘ red o0l Gimpi Jeakags path | pi== fo=mme P

I piston seal =
15 Wnﬁﬁm static forcs W~'~‘
sccentricity

16 1§rod lesksgs path :ﬁwﬁ;rﬁ;wrum tength or material or |
: : — t regensrstor 1.D.
17 akrora“ . Ilgs A dispiscer doms
1g | number of 1 regenerstor wall kwr ta wustarial
regenerstors M ‘ ' n stuffer 0D. stufTer 0D. I
19 kwd | dplacer type thickness
stufTer insuistion |  stuffer can displacer oul
stuffer 1D stuffer 1.D. i matorial wop
201 tvickness | " mearts Cooter fin
pme stTer insulstion |  stuffer can thickness
' e |_cooler fin hoater
fi haster fin——
221 coolar fin :;""‘ " materisl conductivity conductivity |
25 | comuctivity | contuctivity__
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E.3 Programme Listing -

SUS  LINDYMDAT(2),PPV.ETAF PHI® BETSD XRKT$ HT$ NTSTZ MTSTR ETYPESISTATIC

SHARED  P1,P2.XP.XD.0,0P,00.0P,00,PI,TH,TK,QDK,GDH
SHARED  PMPK,PMPR,PMPHHYSK HYSH,6SH.E

SHARED GDRLD.LPLRD.LRPL6,GDC.DSP PSP, 6SP RSP
SHARED QCR.DTH.DTK,SHL.DGL BH,QCIW FINFK FINFH

NMAXR=20: DTOL=.0003: TTOL=.001
Pi=3.14159

P2=): DTK1=0

TWK=DAT(1,2)

TWH=DAT(1,3)

IF NTSTX=1 THEN 60TO STEST
TK=TWK

DTX=0

TH=TWH

DTH=0

TAU=TH/TK

TCM=TK TEM=TH
PHi®=84p{/2!: E=1: PMPK=0: PMPR=0: PMPH=0: STFK=0: STFH=0: SNUK=0: SNUH=0

D6=0: LRP=0: LP=D: LD=0: 65P=0: RSP=0: PSP=0: DSP=016=0: DS=0: PPVi=0
F=DAT(1.4): O«=F*21%p|

STEST:

IF ETYPER=D THEN F=DAT(1,4): O=F*21%p|

IF DAT(4,.2)s! THEN POA=2*(DAT(3.2MDAT(21.3)V(DAT(3,2)*DAT(21,5))
IF DAT(4,2)s1 THEN FINK=SQR(POA/DAT(22,4))*DAT(7,1)

IF DAT(4,3)=1 THEN POA=2*(DAT(6.21DAT(22,2))/(DAT(6,2)*DAT(22,2))
iF DAT(4,3)=1 THEN FINH=SOR(POA/DAT(22,5))*DAT(8.1)

HLK=DAT(7,.4): HLH=DAT(D.4)

XP=DAT(1,5)

605UB GAS

Z=GAM/(GAM-1) ,
IF DAT(19.2)=1 THEN AP=DAT(2.4) ELSE AP=(DAT(2,4)-DAT(2.5))

iF DAT(19,2)=1 THEN XRVF={DAT(2,4)-DAT(2,S)VVAP ELSE XRVF=1

VSP=21*DAT( 1 S)*AP
VMC=DAT(, 1 AP o o o
IF DAT(4,2)=0 THEN AK=DAT(S,3)*PI*DAT(S,172/4! EL3E AK=DAT(7,3)*DAT(7,1)*DAT(7.2)
IF DAT(4,2)=0 THEN AWK=DAT(S,3)*PI*DAT(S, 1)*DAT(S,2) ELSE
AWK=DAT(7,3)*2!#(DAT(7, 1 HDAT(7.2))*DAT(3,2)
VK=AK*DAT(5,2#DAT(5.4) )
IF DAT(4,3)=0 THEN AH=DAT(0,3)*PI*DAT(B,1)°2/4} ELSE AH=DAT(D,3)"DAT(3,1)*DAT(B.2)
IF DAT(4,3)=0 THEN AWH=DAT(6,3)*PI*DAT(6,1)*DAT(6,2) ELSE
AWH=DAT(8,3)*2!*(DAT(3, 1 +DAT(8,2))*DAT(6,2)

VH=AH*DAT(6,2)+DAT(6,4)

DHK=4!% AK/ AWK * DAT(5,2)

DHH=41% AH/AWH*DAT(6,2)
DHR=DAT(9,5)*DAT(9,4)/(11-DAT(9.4))

P A 7

ARR=DAT(9,2)* DAT(9,4)

VR=ARR*DAT(9.5)
AWR=4%{ {-DAT(9,4))* VR/DAT(9,5)
DD=SGR(4/PI1*DAT(2.4))

Surmrns 4 remsas s 2wl oAy

DR=S0R{4/Pi*DATIZ.9))

i
v
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AHWK=215 AP+DISDD¥DAT(S, 1)
AHWHE2 I DA TI2 AMDINDDSDATLS 2)

A T Ad e WESE W gin

IF DAT(4.2)e} THEN ARKsDAT(Z.DATZ2)

IF DAT(4,2)»1 THEN AGK=DAT(7.3)*(DAT(21,5HDAT(7.2))*DAT(5.2)
IF DAT(4,3)=1 THEN ARH=DAT(S,1)/DAT(8.2)

IF DATIZ Xiat TLEM ANULNATIA TWINATIZ? QMNATIR 2VMDATIE 2)
WINI\TIAIS I FTERIN PR WINI W] AT\t FP TV I \igle J) W7V Vi gty

IF-DAT(12.4)=1 THEN CLDs(1+DAT(14,5)'2) 3335DAT(13.2)
IF DAT(12,.5)=1 THEN CLPa(14DAT(14,4)2) 353*DAT(13, 3)
IF DAT(13, 1)1 m a.n-(smﬂu.snr’m-mms A4)

A'l"ll ot g M ACL 1aNAT 12 YA TREBNATIIR ®)
IF wnl\ 0.‘r-l lr',lll u.wa-\lfunluu,u' FYE nl\lu.up

IF DAT(4,3)=0 THEN LC=DAT(9,3HDAT(S,2) ELSE LC=DAT(9,31DAT(E,2)
CN1sARR®*KR/DAT(9.3)+DAT(2,4)" 10*KR/LC
CN2=P1%DD¥DAT(18,4)*DAT(19,1)/1L.C

Soaiem _mamn.thaedma almmiuirmael i SA\ufa T O ma ﬂg

WESURLFUARTIL | ST Vi- Wﬂl\l,.al"llﬂl\l’."‘lﬂlﬂ'\l\

CN3sPI/4%(DAT(19 57 2-DAT(20,2)"2)*DAT(21.,3)

IF DAT(19,5)>0 AND DAT(20,2)>0 THEN SL=1.15%DAT(9.3)
IF DAT(19,5)¢=0 THEN 6=.

Mo M e an s ama e s dains o '—-

OLOnZ5 SEAKR*{TH+

by
Yo

IF 6>6L0 THEN 69GLO"

CNG=P1/2%DD*KR/(SL*6)

APVaP|*DD*DAT(19,3)*LC

DGLC= S*CP/R*DAT(1, 1 )% APV/SL
APKsDI*DAT(10,4)*DAT(10,4V4!

AW 1sDISDAT(10 4)*DAT] 10,3V APK+2% APK

IF DAT(10,1)=1 THEN AW23P1*DAT(10,4)* DAT(10,2//APK+2*APK
iF NTSTR=0 THEN XR=5

XR1=0: NCR=0

If ETYPER=0 THEN PHI®=DAT(4,5)*PI/180: XD=DAT(4,4): XR=XD/XP

WHILE(ABS(XR-XR1>DTOL *XR)

NCEsNCR+1

IF ETYPER=} THEN XD=XR*XP

TAU=TH/TX A

VSE=2!1*XD*DAT(2.4)

XRV=XR* XRVF
VSCW'M!F2!‘XW'ml’FM'M)
VCLC=VMC~-.5%VSC

VCLEsDAT(3,2)*DAT(2,4)- 5" VSE

IF VCLC<O THEN VCLC=0 Piston displacer collision
IF VCLE<O THEN VCLE=O Collision on dome
VCLESVCLE+APV

ANM=-XRV* SIN(PHI®)

ADMs- 1 4+ XRV* COS(PHI®)

UCA=ATN(ANIM/ADIM) -

IF ANM<O AND ADM>0 THEN UCA=UCA+2

IF ADM<O THEN UCASUCA+PI

slphasUCA+PHi®-Pl

TR« TH-TK VLOG(TAU) o

iF =1 THEN GOSUB Adisbatic ELSE bloud isother
nmg-’mm 1V(R* TK): RHOR=DAT(1,1)/(R* TR): RHG#DATU 1 V(R*TH)

RP=P1/DAT(1,1)
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hf=21% SQR(0/321%(6AM-1)/(6AM*DAT(1,1)))¥P1"2/(6AM*DAT(1,1))
HYSK=hf* SQR(KK * TK )* AHWK
HYSH=hf* SQR(KH*® TH)* AHWH
CLOSS=(CN1+CN4+CN6* XD* XD)* (TH-TK)

FIGSBETAD®-PHI®: TAUA=TH/(TK+100)
RO=RP* COS(FI6)+XD*( 5*LOG(TAUA)/SL-1/LC)
RA=RP*SIN(FIG)

CALL VECTOR(RORA FIM.RR)

DGL=DGLC % 0% LOG(TAUA Y% RR* XD* (1/P1-COS(FIM}/4)
DGL=DGL+ S*PI*DD*P 1¥DAT(19,3}* XD*0* SIN(FI6)
GSH=5%D6S* (0% XD)'2
QDK =ADK -HYSK-PMPK - .5* PMPR-GSH-GDR* (1 -£ )L P-L RP-LG-CLOSS-DSP-PSP-GSP-DGL
QDH=QDH-HYSH-PMPH-.5% PMPR+QDR*{ 1-E)+CLOSS
GOSUB HEAT
XREL =SQOR((XD* SIN(PHI #))"2+(XD* COS(PHI*)-XP)"2)
PW=PWI+P|* DDP* 0" XREL * XREL~(HYSK+LP+LRP)/F
SBD*=DW/PWI1* SIN(BETAD®)
IF ABS(SBD®)>1 THEN BETAD®=-P1/2! ELSE BETAD®=ATN(SBD*®/SQR(-SBD*® *SBD*+11))
BETSD=BETAD®: Phase angle modified for viscous losses

PpVsFepW
DIF=KK % (TK+501)/(Z*DAT(1,1))
iF DAT(10,1)>2 THEN FDG=2!* S*KK*SQR( S‘OIDIF)'GAH'(GAM-Il)'(TK+50')
IF DAT(10,3)¢50 AND DAT(10,1)¢>2 THEN DGS=FDG* AW 1 *(APK/(O*DAT(i0,3112

IF DAT(10,1)=1 THEN DGS=DGS+FDG* AW2*(APK/AO*DAT(10.2))I"2
IF DAT(10,1)=2 THEN DGS=0
IF ETYPER=0 THEN GOSUB Q
IF ETYPER=1 THEN GOSUB FREE
IF ABS(PPV-PPV1)<.01*PPV THEN XR1=XR
PPV 1=PPV
IF NCX>NMAX% THEN XR1=XR: NTSTR=0BEEP

WEND
IF DAT(3,4)=0 THEN AWP=2*AP+(DAT(3,3)/AP)*DD*P! ELSE AWP=DAT(3.9)

BH= S%FDG* AWD* (XP* AP/DAT(3,3))"2
PPV=PPV-PSP-BH: 'Subtract mechanical losses

QDC=CN1*(TH-TK)

QCIW=CN4*(TH-TK)

SHL=CN6* XD*XD*(TH-TK)
QCR=CNS*(TWH-TWK)

QDH=QDH+QCR
QDK=GDX~GCR
ETA=PPV/QDH

IF ABS(ETA)»=1 THEN ETA=0

IF NCR>=NMAXR THEN WINDOW 2,.(320,50
IF NCX>=NMAXX THEN WINDOW QUTPUT 4
IF NCR>=NMAXR AN NTSTR=0 THEN EXIT SUB
IF NCR<NMAXR THEN WINDOW CLOSE 2
EXIT SuB

}(470,70),3: PRINT"NOT CONVERGING NOW™;

Subroutines

FREE:
P105=P 1/SIN(PHI*)
DPDXD=SIN(BETAD®)*P 105/XD

e e Mo amam s s mw 2 mmsmdond

ANGP=Pi~-ABS(BETAD® y-ABS(PHI®)
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O
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For hest pump mode
IF BETAD®>0 THEN ANGP=-ABS(BETAD® +ABS(PHI®)

- amaa s om0 sms

DPDXP=SINCANGP Y*P 105/XP

GOSUS KDEXT
KD=DAT(2,5)*DPDXD+KDE

KPESGAMSDAT(1,1)¥ AP* AP/DAT(S,3)
KP=AP* ABS{DPDXPIKPE

AL
ALFT=AP*DPDXD ,
MGR(ABS(KD/DAT(Z_._1 _)?L L
IF BETAD®>0 AND NC%>3 THEN 6070 FMOTOR
IF BETAD®<O THEN OP=SGR(KP/DAT(2.2))
GOSUB Q ‘Calc GD snd required GP from (5.32) or GD (check (5.33))

00XQD=00*GD: GDJOD=QD/00: 002=00* 00

IF KD<O THEN 0DXQD=-0DXQD :002=-002
UP=ABS(0DXGD+0P*GP-21%P1*DDP/DAT(2,1)* ALFT/DAT(2,2)* GDdOD* GP/0P)

DN=ABS(GDJOD+QP/OP)

O=SQR(UP/DN)

F=0/(2%Pi)
MOTOR;

IF BETAD®>0 AND NC%>3 THEN F=DAT(1,4): 0=2%PI*F: 0oP=0
F1=1-0"2/002

F2=0/(21%P}* 0DXQD)
FAC=SQR(F1°24F2°2)
xni.m t~ ir)]

XR=SQR{ALFP~2+(0*DDP) 2/KD/FAC: XR=ABSIXR)
UPP=-0%*DDP/ALFP*F 14F2

DNN=-F {-0O% O*DODP/ALFP/(21*P1* 0DXQD)
PHI®=ATNCUPP/DNN)

IF DNN<O THEN PHI®sPHI®+P|
IF UPP<O THEN PHI’-DI'II‘*"”_P! ,
RETURN

isothermal:

As 5% SN(V;E“COS(lWWVSC/KW(Vﬁ'SNOWWHN)

AQS=A/S
hh‘tATﬁVﬁ‘Wliﬁu)l'f'ﬁf‘(\r‘&'*c%i'ﬁ“i}%vs‘-’-’m»
SARG=ABS{11-A0S" ACS)
P1=ABS(DAT(1,1) 2//A0S*(SQR(SARE)-11))

P2=DAT(1,1) SOR(SARG)* AQS*A0S* 5

Caicuiste pressure phase ; anghe
BETAD®=~(UCA-Pi-bets® .
PWIs-Pj* AP*P 1% XP¥SIN(BETAD®): Piston work ideal

GDK= 5% 0% VSC*DAT(1,1VA0S* (SGR(SARG)~ 1!)* SIN(beta® )

QDH=-TH/TK*QDK
WT1=(QDH+QDK VF
FR=O*DAT(1,1 /R

ma_dy s o1 ame A.lﬂ.ﬂ\l‘lﬂ!fﬂlﬂﬂ‘bﬂ\n‘\
CIRVATVLLUTYOULN AV T \Gur\wininvy 57

00P=C 1% C0S(beta® }#VEC/2
ADJ=C1*SIN(beta®)
CALL VECTOR(OOP,ADJ,PHWK WK 1)

LUl {0 A7 § 3PN IYY
WAI"WRITI/IN

C 1=(VH+VCLE+VSEVAOS*(SQR(SARG)-1)



00P=C1%COS(beta® }+VSE/2% COS(alpha)
ADJ=C 1% SIN(beta® #VSE/2%SiN(alpha)
CALL VECTOR(-OO0P,~ADJ,PHWH.WH1)
WH1=WH1*FR/TH

THK=Pi-sipha+PHI*® -PHWK

THH=Pi-alpha+PH!* -PHWH
VRD=21%(VK+VCLC+VR/(TAU-11)%(TAU*LOG(TAU)/(TAU-11)-11))
C1=(VRD+VSC)/AOS*(SQGR(SARG)-11)
00P=C 1% COS(beta® )+VSC/2
ADJ=C 1*SIN(beta®)
CALL VECTOR(0OOP,ADJ,PHWR,WR)
THRR=Pl-alpha+PH! *~PHWR
WR=WR¥*FR/TK
VF=(2% (VR/GAM+VK+VCLC+VH+VCLEHVSC+VSE)* AOS
QR=VF"2+VSC 24 VSE~2+2% (VSC ¥ VSE * COS{aipha)-VF* VSC* COS(beta® }-VF* VSE* COS(alpha-bata® )
QDR=F* DAT(1,1)*CP/R*SGR(ABS(GR))

RETURN
Adiabatic:
TCMi=0
VCM=VCLC+VSC/2: VEM=VCLE+VSE/2

WHILE ABS{TCM-TCM1)>TTOL* ABS(TCM)
IF TCM¢=0 THEN TCM=TK
IF TEM¢=0 THEN TEM=TH
DTC=TCA/TCM: DTE=TEA/TEM
TAUC=TCM/TK: TAUE=TEM/TH
AC12VCM+DTC® VSC* COS(PHIC Y/ 4
QOP=DTC*VCM*SIN(PHIC): ADJ=VSC/2+DTC* VCM* COS(PHIC)
CALL VECTOR(OOR,ADJ,PHICV,AC2)
AE 1=VEM+DTE* VSE* COS(alpha-PHIE)/4
00P=VSE* SIN(alpha)/2+DTE* VEM® SIN(PHIE)
ADJ=VSE* COS(alpha)/2+DTE* VEM* COS(PHIE)

CALL VECTOR(OOP,ADJ,PHIEV AE2)
00P=(AC2/TCM* SIN(PHICV +AE2/TEM* SIN(PHIEV)
ADJ=AC2/TCM*COS(PHICV #AE2/ TEM* COS(PHIEV)
CALL VECTOR(OOP,ADJ,BETAT,AY)

S=AC 1/TCM+VK/TK+VR/TR+VH/TH+AE 1/TEM

AOS=A1/S
CONS=(1-TAUE /2" VSE/VEI+ TAUE (1 ~TAUE"2)/96* (VSE/VEM)'3
CONS=(1-TAUC)/2% VSC/VCM+TAUC*(1 -TAUC™2)/96%(VSC/VCHM)"3

QOP=VIMC* AOS* SIN(BETA 1 -VMC*DTC* SIN(PHIC)
ADJ=VSC/2-VMC* AOS* COS(BETA 1 +VMC*DTC *COS{PHIC)

- CALL VECTOR(0OP,ADJ,THC,AMC)

OOP=VME* ADS* SIN(BETA 1)-VME® DTE * SIN(PHIE)-VSE/2* SiN(aipha)
ADJ=VSE/2%COS(alpha)-VME* AOS* COS(BETA 1 HVME™ DTE*COS(PHIE)
CALL VECTOR(0OP,ADJ,THE AME)

CC(1)=(TCM*P1/4* AOS/Z*VSC*SIN(BETAI WV AMC+TK)/(}

CC(2)=(TEM*PI/4* A%/Zwmmmphwwm@smmmn—

BC1=CC(1): BC2=CC(1)*AQS/Z
BE 1=CC(2): BE2=CC(2)* AOS/2Z

BC3=CC(1)

BE3=CC(2)
0OP=CONS*SIN(slpha)-A0S* (1-TAUC/GAM)* SIN(BETA 1 )
ADJ=CONS* COS(slpha)-AOS* (1-TAUC/GAM)* COS(BETA ! )



CALL VECTOR(OOP ADJ,ALFC.5C4)
BC4=B8C3*BC4 '

OOP=CON3* SIN(siphe)-A0B* (1-TALE/GAM)* SIN(BETA 1 )
ADJSCON3™ COS{alpha)-AQS® (1-TAUE/GAM)* COSIBETA1)
CALL VECTOR(OOP,ADJ ALFE BE4)
BE4=BE3*BE4

TCM1=TCM

Tws'(BCHBCSM(:z'sMnETM+THC)/Pl+BC4-sm(mc+ALFC)/P|
T5r1=,5'(nslwm'sm(neu|+n-s)/p|+554-sm(mum)/m

00P= 5% (BC2* SINBETA 1)-BC4* SINAALFC))
ADJ=.5%(BC2% COS(BETA 1 )-BC4¥ COS(ALFC))

CALL VECTOR(OGP,ADJ,PHIC,TCA)
00P= 5%(BE2% SIN(BETA 1 )-BE4* SINCALFE))
ADJ= 5% (BE2* COS(BETA 1 -BE4* COS(ALFE))
CALL VECTOR(OOP,ADJ,PHIE,TEA)
WEND |
WCa-DAT(1,1)* AQS¥VSC/2%PI* SINBETA1)

WE=-DAT(1,1 )‘AOS'VSE/Z'P!'SINBETA f-aipha)
WTI=WCHWE

QDK =F »WC

QDHsF *WE

beta®=BETA1

BETAD®»~(UCA-Pi-bets®)

P1sDAT(1,1)* A0S )

PWis-PI* APS P #XP* SINBETAD®):Piston work ides!
VF=(2% (VWGWVK*VCLC"'WWCLE)WSC*VSE)'AOS

M=W“2+VSC‘2+VSE‘2+2'(VSC'VSE'COS(MI)-VF #\/SC % COS(beta®)-VF * VSE® COS(alpha-bets®))

QDR=F*DAT(1.1 }*CP/R* SQR(ABS(GR))
FR=O*DAT(1,1V/R
PHWK=THC
PHWH=THE-PI
WK 1=AMC*FR/TCM

WH I=AME*FR/TEM

THK P)/2-sipha+PHI*-PHWK
00P=_ 5% (WK | * SIN(THK HWH | *SIN(THH))
ADJ= 5%(WK 1 # COS(THK )+WH1 COS(THH))
CALL VECTOR(OOP,ADJ,THRR,WR)
RETURN
HEAT:
Pesk RE — for heif pesk divide by 2
REK=DHK * WK 1 /(AK*IUK)
REHsDHH*WH 1 /(AH® MUH) o
IF REK<2000 THEN KT$=L" ELSE KT3=Ir
If REH<2000 THEN HT$s"L" ELSE HT$="Tr
IF REX>4000 THEN KT$="T"
IF REH>4000 THEN HT$="T"

REP=WR*DHR/(ARR*I'UR)
CL=33 3+ 458%REP: Ergun equation
FD=MUR*CL*DAT(9.3 - No mwitipiier inCiused
CALL TFRIC(OMRK.DAT(S.Z).DI-K.DATM.Z)MM.TFK.TT)
HTKsNUK*KK/DHK : X=SQR(HTK)*FINK
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IF DAT(21,5)=0 OR DAT(4,2)s0 THEN FINEF=1 ELSE 60SUB FINE
FINFK=F INEF

DTK=QDK * (1 /(FINEF * AWK *HTK #DAT(7 5)/DAT(23,1)/AGK): TK=TWK-DTK

CALL TFRIC(O,PRH,REH,DAT(6,2).DHH.DAT(4,53),ARH.NUH, TFH,TT)
HTH=NUH* KH/DHH: X=SQR(HTH)*FINH

IF DAT(22,2)=0 OR DAT(4,3)=0 THEN FINEF=1 ELSE GOSUB FINE

FINFH=FINEF

DTH=QDH*( 1 /(FINEF * AWH*HTHHDAT(8,5)/DAT(23,2V/AGH): TH=TWH-DTH
IF TK<TWK THEN TK=TWX

IF TH<TWK THEN TH=TWK
THW=ABS(PHWH-PHWK)
SR=SQR(2*(1-COS(THW)))

THR=A TN(SINCTHWL(COSITHW)-1))

WA T NI YRR UIII U S VY pv Yy ey, ¥

GO=WR/DAT(9.2)
RERH=GO%DHR/(4*DAT(9,4)* MUR* 91)

IF RERHCSO THEN J= 9 1/RERH" 5 1% 01 ELSE J=61/RERH" 41* 91

He=J%CP* GO/PRR" 566

NTU=H* AWR/(CP*WR)
E=NTU*SR/(PI+NTU*SR)

DMDD=EN 8 N /BLND Y2 7A

FTEW IV IW \WWINTHEIWYTY & fww

FK # 13

Mmmsgymmmmw
FH-B'(TFH'DAT(O.Z)/DI-IHLHM')I(W'AH)‘?'WHI 3
IF REK<2000 THEN PMPKsFK/ 16! ELSE PMPK=FK*(TT/ 16-TT/(3%Pi}+ 333)/PI

IF REM(2000 THEN DMDHsFH/ 1681 ELSE PMPHFH®(TT/ 16-TT/(3*PI)} 333V/PI
RETURN

FINE: Fin effectiveness
FINEF(EXP(X)- 1 /EXPCOVEXPOXOH 1 /EXP(X)V/X

IF DAT{4 1)=0 OO DAT(4. 1) INT "ERROR IN GAS TYPE"
WPRINTI, A W WS TR I e g v e

CPaGAM*R/(GAM-1)

MUKsMUO* (273+ TSUM(TK+ TSUD*(TK/273)°1 5
MUH=MUO*(273+ TSUY/(THe TSU(TH/273)"1 5

MURS(MUK+HRIH)/2
KKaKT 1% TKHKT2: KHeKT 1% THHKT2: KRa(KK+KH)/2
PRH=CP*MUH/KH: PRK=CP* MUK/KK: PRR=CP*MUR/KR

ocrmT
i

GAH81.67 R=2076!: TSU=B0: MUO=1 83SE-05
KT1=.000253: KT2=.066

0D TI DAL
N

Wy

.GAH-I 41: Rud121.735: TSUsB4.4: MUO=8_35E-06
KTi= 00041 - KT2= 069
RETURN

AIR:

GAM=1.4: Re287!: TSU=112: MUO=1.708E-05
KT1=.0000596: KT2=.0086

RETURN

ARGON:
GAM=1.67: R=208.195: TSU=133: MUO=.0000212
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KT1=.0000535: KT2=.00175
RETURN

KDEXT:

IF DAT(10,1)<>2 THEN KD 1=6AM¥*DAT(1,1)* APK* APK/DAT(10,3) ELSE KDE=DAT(S,S): RETURN

IF DAT(10,1)=0 THEN KDE=KD 1 RETURN
KDE=KD 1 +KD1*DAT(10.3V/DAT(10.2):Rod ares not sccounted for

RETURN

Q

DOK=2%RHOK * DAT(2,4)* PMPK/WK 1 * COS(THK)
DOH=2%RHOH® DAT(2,4)* PMPH/WH 1 * COS(THH)
DOR=2*RHOR* DAT(2,4)* PMPR/WR* COS(THRR)
DOV=(DDK+DDH+DDR)/(0* XD * SIN(PHI *))
DOPK=-2%RHOK * DAT(2,4)* PMPK/WK | * SIN(THK)
DDPH=-2% RHOH® DAT(2,4)* PMPH/WH 1% SIN(THH)
DOPR=-2"RHOR* DAT(2,4)* PMPR/WR* SIN(THRR)
DOP=(DDPK+DDPH+DDPR)/(0* XP)-DDV* XR* COS(PHI®)
IF DAT(13,2>0 OR DAT(13,41>0 THEN GOSUB D.SEAL

IF DAT(16,3)>0 THEN GOSUB GS SEAL

DDGL=2*(DGL+HYSHV(0*XD)"2

DID=0DV+DGS+DS+D6+DDGL
IF DAT(13 30 OR DAT(13,4)>0 THEN GOSUB P .SEAL

Twrgwr g v er

F ETYPER=O THEN RETURN

QD=0D"DAT(2,1)/(2!*PI*DID)
If NCR>S AND BETAD®>0 THEN QP=1000 : RETURN
DD=21% POV /(XP* Q)2

QP=0P*DAT(2,2)/(2!*Pi* ABS(DP))
FQP=0D® 0P/(0% 0)* ( 11-ALFP* ALFT/(KD*KP))~(0D"2+0P"2-0"2)/(0D* OP)

QPT=(11/FQP)/(4!*P1%PI*QD)

DETE

T WP Wy

D.SEAL:

PA=P 1 PHIA=-PHI#+BETAD®
If DAT(15,4)=1 THEN PB=0PHIB=PI
»XD*DDV: YC=-0®XP*DDP: YA=SQR(YB"2+YC"2~2"YB*YC*COS(PHI®)

IF DAT(15.4)2 THEN YX=VB/YA¥SIN(PHI®): PHIB=ATN(YX/SQRIABS(1-YX*YX)))}-PI/2: PB=YA/DAT(2.4)

IF DAT(12,4)=1 THEN GOTO CLRD
vng;g‘u( ABS(DA * COS(PHIA »-PB* COS(PHIB))+P1* ABS(PA * SIN(PHIA)-PB* SIN(PHIB))

DSP= 5% 0" XD* (DAT(12,1)*DAT(13,2)*DD* 667*DPF+4!*DAT(15,1 )P
DS=2#DSP/(0*XDY'2: RETURN

CLR.D:
Tor clesrance loss
RETURN
P.SEAL:
Mesn pressures on each side of seal are assumed equal

DA=D1PHIASBETAD® :PB=GAM¥DAT(1,1)% AP¥ XP/DAT(3,3)-PHIB=P|

SC 1sMUK® (0% XP)-2/2: SC2:PA"2-2"PA*PB*COS(PHIA-PHIBHPB"2

1 THEN GOTO CLRP
IF DAT(12,5)= » COS(PHIB)}+P1* ABS(PA® SIN(PHIA }-PB* SIN(PHIB))

DPF=2% ABS(PA* COS(PHIA)-PB HIA)-PB!
PSP 5% 0% XP*(DAT(12,2)*DAT(13,3)DD¥ 667*DPF+44DAT(15,2)*PI)

LP=0: GOTO R.SEAL

RP:
CLLP-P!'QQ"(.DAT( 14.1)*SC 1/CLP+CLP"3%SC2/(24* MUK * DAT(14,1 M) PSP=0

R.SEAL:

8
B



IF DAT(13,1)=1 THEN GOTO CLRR
RSP=.5%0% XP*(DAT(12,3)*DAT(13,4)*DR* .667%DPF +4*DAT(15,3)*PI)

{ AR_A. ST ML
LIV, KE TGN

o1IDD
VLRGN,

LRP=P|* DR (DAT(14,2)% SC 1 /CLR+CLR" 3% SC2/(24* MUK *DAT(14,2))): RSP=0
RETURN
6S.SEAL:
IF DAT(10,1)=2 THEN RETURN
IF DAT(10,1)=0 THEN PA=0 ELSE PAsGAM*DAT(1,1)* APK*XD/DAT(10,2)
PB=GAM*DAT(1,1)* APK * XD/DAT(10.3)
PHiA=Pi: PHIB=0 . .
CLR.
'Fog:;(: :'st)(.gﬂicgstmm'mnﬂmmm'wpu SIN(PHIA )-PB* SIN(PHIB))
GSD=.5% 0% XD*(DAT( 17.3)*DAT(16,3)*DAT(10.4)* 667*DPF+4*DAT(17.1)* 1)
DG=2%GSP/(0% XD)Y 2: L6=0: RETURN
CLR.GS:
SC1=MUR (0% XD)"2/2: SC2uPA2-2% PA®PB* COS(PHIA-PHIB)+PB"2

il i a\mimalsm ANMEA S /M ACLM COXNCN2/{24%MIIDWNDATL 16 4)))
LOSPI*DATUIOQ/TWA R IDST 90 1/ U0TWLUS v FusiE™ =52 M

DG=2%1.6/(0%*XD)"2: GSP=0

RETURN
END SUB

I Py

DUDPrOgy TS

SUB TFRIC(OPR.RE,RLDHNT, ARRNUFRIC TT)STATIC: Friction md hest trensfer
Pi=3.14150
Knudsen & Katz pp231,360 and Trikie
TF=401/( | 1+6.46+07/0"2+8.1/(1 H400001/0"2)+ 1 1/(11+7001/0°2)
PE=RE*PR
LD=RL /DH

LOD=LD/PE
IF NT=1 THEN RNU=.43% AR+2.51

IF NT=1 AND RNU>7.6 THEN RNU=7 0

TF NT=1 THEN RNUSR | I WU~ Wi ree e el

—ama: mams fai.f AAR. ARAZADY NN I
-y
» » »

[ 3 o .

IF NT=0 THEN RNU=(3 .66+ .104/(L0DV(11+.016/100" B))
IF NT=0 THEN FRIC*{ 11 5% TF)* 3.435* SGR(LOD*PR)* DH/RL
iF RE<2000 THEN EXIiT SUB
RT=2000/RE
ARGo-RT*RT+1{

IF ARG=0 THEN TT=P|/2 ELSE TT=ATN(RT/SGR(ARG))
l;’é':;&omﬁ:u'%}r- 0007343*RE"~ 3142 yElQ.SE FRID=T* 0791/RE" 25

. #(Pi/2-TT))*2/PI+FRID

ﬁﬁﬁ?&?g&(m entrance effect [Knudsen & Katz pp401]

ti sna for Nu

RNUT=.036*RE~ 3% PR".33*DF : Correlation equation -
RNUT=QNUT#(1+3.1/LD): Factor for entrance configuration
RNUS((RNU= TT+RNUT® (P1/72-TT)*2/PI+RNUTY/2

—END SUB

SUB VECTOR(OP ADJ.ANGLE SIDE)STATIC: Phasors
Pi=3.14150265*

e nrn/mansnaa AN 1)
SISO £ TN &7

ANGLE=ATN(OP/ADJ)
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IF OP<O AND ADJ>0 THEN ANGLE=ANGLE+2* P!

IF ADJ<O THEN ANGLE=ANGLE+P!
END SUB ‘

-End sub programs for linesr dynamics -
suB GRAMDOSM.PIS.CLC.CLEPIMMTM.W.W.W.O.(T,G?,@.@ETAWC

WINDOW 1,{0,20)~220,275).5
XD=XP* xR
Pi=3.14159

BDEGsBETAD* 1801/Pi
PHDEG=PHI® 1801/P!
F=0/(21%P|)

PRINT “Piston amp.” XP

PRINT "Dispiacer amp.” XD
PRINT “Pressure smp.”P1
PRINT “What output scales would”
INPUT “you like (mm/mm)?°.0S

INPUT “snd (bar/mm)?°,0SP
CLS
CIRCLE (100,100).4

Lines per cantimetre is LPC

‘Columns per centimetre is CPC

LPC=30

IYL=255/1LPC

IXL*220/CPC

0SY=100 MOD LPC

0SX=100 MOD CPC

FOR 1Y=0 TO IVL

LINE (0,08Y+iY*LPC)-220,08Y+1Y*LPC)
NEXT IY

FOR IX=0 TO Q.

LINE (OSX+IX®CPC.0)-{05X+IX*CPC.200)

NEXT IX
XSCALE=CPC* 1001/05

YSCALEsLPC* 1001/0S

PYSC=LPC/ 1E+07/0SP .
If not specified, set limits - piston 168 overstreke to mechanical limits

‘displacer SO% “out” overstroke to machanical limits
IF DOS=0 THEN DOS=1.5*XD
IF PIOS=0 THEN P10S=1.08*XP
IF PIS=0 THEN PiS=1.08%XP
TLX=100-PiS* XSCALE
TRX=100+PI08% XSCALE
TRY=100-CLE® YSCALE
TLY=TRY
BRX=TRX

BRY=100+D0OS* YSCALE
CALL PENSIZE (2,2)

CALL MOVETO(TLX.TLY)
CALL LINETO(TRX.TRY)

CALL MOVETO(TRX,TRY)
CALL LINETO(BRX BRY)
BPX=BRYX~PI0S-DOS+CLC) XSCALE



CALL MOVETO(BRX,BRY)

CALL LINETO(BPX BRY)
BOY=TLY+(CLE-PIS+CLC)* YSCALE
CALL MOVETO(TLX,TLY)

PW v Ee T wry Ty s

CALL LINETO(TLX,BDY)

CALL LINETO(BPX BRY)
CALL PENNORMAL

FOR I=1 TO 181
THETA=1/901%3.14150
XPA=XP*SIN(THETA)
XDA=XD* SIN( THETA+PHI)

YDD=1M-¥DASYCIrAILF
T

V= WY Ry N

XDP=100~-XDA* YSCALE
IF I=1 THEN LINE (XPP . XDP)-{XPP XDP) ELSE LINE ~(XPP.XDP)

MEVT |
AT

Pi2:212 314139

FOR i=1 TO 181
THETA=1/90!*3.14139

MNaf) 4 8 OWNTLUCTA .L.:f‘ S
Pl GITNITER T IS T db WITH e

E
5
?

PP=70+2*LPC-P*PYSC

XPA=XP*SIN(THETA)

XPP=100-XPA* XSCALE

e 11 TUFA | Wer fvn DD){YDD DD) £ OF LINE -{XDD PP)
IF IS TGN WG \APF 7 F ) AW o v v 7 ome— = - Latal,

NEXT |
CALL TEXTSIZE(Q)
CALL TEXTFONT(142)

rALL M'ETNI AAR). DDINT"Sn =
WALL | RIVE FMAWE RIS, FIUIVE &pr

CALL TEXTMODE(1): TEXTFONT(1) )
CALL MOVET((30,246): PRINT USING “##®.¢".0P;

MALL TEVYEAITY . 49)
WALL IEAITA\RYI\iTILs

CALL MOVETO(65,248): PRINT™Id =*;
- . ]

CALL TEXTFONT(1)
CALL MOVETO(92,246): PRINT USING "##* #";0D;

AALT MAIETA 104 m»m:
WARLL [ IWVEIWA [&T,A NI F. ¥ Ivsy
ﬂ '00 o**

CALL HOVETGI'IIM): PRINT™Gd =; i
CALL MOVETO(188,246): PRINT USING "**.#".QD;

SALL TEVTMANETAY
WRLL LA RAMA\VS

CALL MOVETO(3,228): PRINT"p =
CALL TEXTMODE(1) .
CALL MOVET0(20,228): PRINT USING "#¢.##~"" 1

rAl) TEYTEOMTL 1.40)
Wrlbl TRAITI WNI\ ¥ Wy

CALL MOVETO(70,228): PRINTD" .
CALL TEXTFONT(1): CALL MOVETO(00,220): PRINTUSlNG reee o°BDEG
CAlL TEYTMMEID)

WMl TR il TWwB\v/

CALL MOVETO(3,2135): PRINT Xd =

CALL TEXTMODE(1)

CALL MOVETO(25,215): PRINT USING “®® **™ ~XD
CALL TEXTFONT( 142)

CALL!

213 .
CALL TEXTFONT(1): CALL MOVETO(80,215): PRINT USING "##¢.®"PHDEG

CALL TEXTMODE(O)
CAlL MOVETO(3.202): PRINT Xp =

SRS GENNL D
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CALL TEXTMODE(1)

CALL MOVETO(ZS,202): PRINT USING *#*.#%"*"""XP
CALLTEXTFONT(142)

CALL MOVETO(75,202): PRINT™O";: CALL TEXTFONT(1): CALL MOVE(4,0): PRINT"0"
CALL TEXTMODE(D)

CALL TEXTFONT(1)
CALL MOVETO(3,189): PRINT™T =

CALL TEXTMODE(1)
CALL MOVETO(20,189): PRINT USING™#®# *"F

CALL TEXTMODE(0): CALL TEXTSIZE(12)

END SUB

SuB PERF(PI.O.PWR.TH.TK.G)K.GJH.ETA.FK.FH.DTK.DTH.HYSH.GSH.E)STATIC

DIM A$(20)

WINDOW 3,.(0,275)-(520,350),3

TWK=TK+DTK: TWH=TH+DTH

CEG=1-TK/TH: CEW=1-TWK/TWH

CG=ETA/CEG: CW=ETA/CEW
LET A$(1)="Power =" : LET AS(2 ciency = =" ®
LET A$(S)="Tk =": LET A$(6)="Th =" : LET A3(7)= Cooler AT =": LET A:(a)“'l'leahr‘ AT ="
LET A$(9)="Cooler fin eff. =" LET A$(IO)=‘Hamr fin off. =": LET A$(11)="Regen. Effect.="
LET A$(12)="% Carnot (gas temp.) =": LET A$(13="% Carnot {wall tamp.) ="

CALL TEXTSIZE(9)
CALL MOVETO(40, 13): PRINT USING "¢ ##>*""PWR
CALL MOVETO (185, 13): PRINT USING " # ™" QDK

CALL MOVETO(315,13): PRINT USING ¢ eom00H
CALL MOVETO(480,13): PRINT USING “#.#**"ETA
CALL MOVETO (4,13)

CALL TEXTMODE(1)

PRINT A$(1):PTAB(120):A$(3);PTAB(260)A$(4)PTA AB(390);
CALL MOVETO(40,26): PRINT USING "®®#® ®*° TK
CALL MOVETO (185.26): PRINT USING "#®*# **"TH
CALL NOVETCKSZS,Zb) PRINT USING "**.¥°"DTK

CALL MOVETU(
CALL MOVETO (4.26)
PRINT AS(S)PTAB( 120); A*(ﬁ)PTAB(QﬁO)A$(7):9TAB(390).A3(5)
CALL MOVETO(85,59); PRINT USING "¢.®®°" FK
CALL MOVETO(250.39): PRINT USING "# #**°FH
CALL MOVETO(420,39): PRINT USING ** oeeoct
CALL MOVETO(4,39)

PRINT A$(9):PTAB(163)A$(10)PTAB(3403AS(11
CALL MOVETO(120.52): PRINT USING "# oee.CG;
CALL MOVETO(290,52): PRINT USING ** et CW,
CALL MOVETO(4,52): PRINT A$(12);PTAB(175); A$(13)

—me e mememd N A

CALL TEXTMODE(O): CALL TEXTSIZE(12)
ERASE A$
END SUB
SUB L.INV STATIC

SHARED PMPK.PMPR PMPHHYSK HYSH,GSH.E
SHARED GOR.LD LP LRD.LRP L6,00C,DSP,PSP,GSP RSP

SHARED QCR,SHL,DGL.BH.GCIW

WINDOW 4,,(220,20)(520,275).3
QRL=(1-E)*QDR
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CALL MOVE (90.0)

CALL TEXTSIZE(12): CALL TEXTFACE(1)
PRINT “Loss inventory [W]°

CALL TEXTSIZE(9): CALL TEXTFACE(0)

A$(1)="Cooler Diss.”: A$(2)="Regen Diss.”: A$(3)="Hester Diss."
A$(4)="Comp. Hyst.": A$(5)="Exp. Hyst.”: A$(6)="6as Spr. Hyst.”
A$(7)="Bounce Hyst.": A$(8)="Disp. Seal Lkg.": A$(9)="Pist. Seal Lkg."

A$(10)="Rod Si. Lkg.Disp.)": A$(11)="Rod Si. Lkg.(Pist.)
A$(12)="Gas Spr. Lkg.": A$(13)="Gas Conduction”: A$(14)="Regen. Wall Cond.”

AS$(15)="Internal Wsll Cnd.": A$(16)="Disp. Friction™: A$(17)="Pist. Friction”

A$(18)="Rod Fric. (Disp.)"
A${19)="Rod Fric. (Pist.)": A$(20)="Gas Spr. S1. Fric.”: A$(21)="Disp. Gap Loss”
A$(22)="Shuttle Loss": A$(23)="Regen. Hest Loss"
V(1)=PMPK: V(2)=PMPR: V(3)=PMPH: V(4)=HYSK: V(SFHYSH
V(6 )GSH: V(7)=BH: V(8)=LD: V(9)=LP: V(10)=LRD: V(1 1)=LRP

V(12)5L6: V(13)=GDC: V(14)=GCR: V(15FQCIW: V(16)=DSP: V(17)=PSP

V(18)=RDSP
V(19)RPSP: V(20)=G5P: V(21)=D6L: V(22)=SHL: V(23)=RL

,,,,,,

IXR=S

FOR I1%=1 TO 23
IIR=IR* 12+14
IF 1%>20 THEN IX%=150: 11X=11%-240
GOSUB PLINE
NEXT IR
ERASE A$: ERASE V
EXIT SUB
P.LINE:
CALL MOVETO(IXR II%)
PRINT USING "&AS$UR)". . ........
CALL MOVETO(IX%+85,IIR)

PRINT USING “@¢ #@"~~""V(IR);
RETURN

END SUB

SMLOT(TDAT(Z).DAT(Z).WRO.ETO.FO.H'DO.WO.XTI‘Bl ATIC
SHARED MTSTR ETYPER
DIM TITLE$(20)NBPR(7)
FOR IR=1 TO 25
FOR JR=1 TOS
TOATUR JR)EDAT(IR JR)

NEXT J%: NEXT IX
IF TDAT(4,2)=1 THEN CIRC={TDAT(7.2)+ TDAT(21.5))* TDAT(7.3)
If TDAT(4,3)1 THEN CIRH=(TDAT(B,2)+ TDAT(22.2))* TOAT(B.5)
WINDOW' 4,,(220,20)-(520,275),3

CALL MOVE (90,0

CALL TEXTSIZE(14)

CALL TEXTFACE(1)
PRINT “Plot Selector”
CALL TEXTSIZE(12)
CALL TEXTFACE(0)

PRINT “Select independent varisble and then™
PRINT “select sny number of dependent variables.”
CALL TEXTFACE(4)

PRINT “Independent varisbles”
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CALL TEXTFACE(0) ]
TITLES(1)e"Twk": TITLES(2)s"Twh™: TITLE$(S)="Xp™: TITLE§(4)="T1d
TITLES(S e Mp": TITLES(6)=Mc": TITLES(7)="Ad": TITLE$(B)="Arod"

T Q)Lk": TITLES(10)"Lr": TITLES(11)="Lh": TITLEY( 12#1&: )
ﬂTTll.g(( t3)e"Nh": TITLES(14)="PSI": TITLE$( 15)="¢p>":TITLES(18)="Areg ]
I DAT(10, 1e0 THEN TITLES(16)="Vd" ELSE TITLES(16)="Vel(o)": TITLES( 17)="vd(i)
NJR=0
FOR JR=1 TO 4
FOR IR=1 TOS
X1054(1R-1)55%: X2uX 1453
Y1=70+(JR-1)¥30: Y2sY1+15
NIR=RIR+ 1
BUTTON NJX, 1. TITLESINUR)(X1,Y1)-X2,Y2).3

AMEYT 1%. MEYT I

T3 379, WG wWow

IF DAT(10,1)=0 THEN BUTTON CLOSE 17: BUTTON CLOSE 19: BUTTON CLOSE 20

ACT=DIALOS(O)
WHILE ACT ¢ §: ACT=DIALOG(O): WEND

INBX=DIALOG( 1): BUTTON INDX 2
CALL MOVE(0,120
CALL TEXTFACE(4)

DNIMT "Nenandend uarishies”
PRI WP RS v T

CALL TEXTFACE(0)
BUTTON 19,1, Pwr",(5.210)-(60,225).3

BUTTON 20,1,"Ets",(60.210)-(! 15.225).3
BUTTON 21,1, (115.210){170.225).3 \
BUTTON 22,1."Phid™(170,210)-225,225).3
BUTTON 23,1,"Phip”.(225,2 10)280,225),3
BUTTON 24,1, XR"(5,240)-(60.255).3

BUTTON 26,1,"Done"(225 170)-{270,190),1

KX=0
WHILE (DIALOG( 1 %526 OR KR>6)

AT Al AAINY

KR R+1 oal)
% )mDIAL
%ﬁ 10 THEN KRK%~1: DEEP
I NBPR(KX)>s19 THEN NSX=2 ELSE NSR=1
* BUTTON NBPRIKE).NSK
WEND

AN 10=t TN 28
TN IR™ 1 TV &aw

BUTTON CLOSE IX
NEXT IX
as

CALL TEXTSIZE(9) :

mmmtfwmﬂmmdimﬁm'

mm’cmmtmm&lﬂmmmﬂwws'
DRINT "chanoe accordingly.”

TUwEsT  wevmwege — -

CALL TEXTSIZE(12): PRINT °°

PRINT"Dependent varisbles sre M‘I‘l\lﬁz.d'.
INPUT “Upper bound of independent vﬂpu _.-m
INDUT "Lower bound of indopmdl:l varisble”1B!
PRINT "Number of increments? -

INPUT ° suggest >« 10 °INCX
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CLs
LINE (20,240)-(260,240)

LINE (20,20)-20,240)
FOR IR=1 TO 20
IXR=20+1%% 12: [YR=240-1%% 11

LINE (IXR,240)-(IX%,236)
LINE (20,IVR)~(24,IYR)
NEXT IR
CALL TEXTSIZE(Q): CALL TEXTMODE(1)
CALL MOVET((2,250): PRINT USING "®® ¢~~~ 1BL,
CALL MOVETO(240,250): PRINT USING *#® @~ UIB;

CALL MOVETO(130,250): PRINT TITLES(INBX);
CALL MOVETO(Z 240); DRINT LISING "® ®°. 5.

¥ ey g

CALL MOVETO(3,130): PRINT USING “®.*°; 11

CALL MOVET(O(3,20): PRINT USING "®.*";1.5;
CALL TEXTSIZE(12): CALL TEXTTMODE(D)

D=(UB-LBIVINCR: DO=D

X=20: PP=130: PE=130: PF=130: PPH=130: PB=130: PX=130: ITSTR=0

FOR IX=0 TO INCR
If NR®e1 THEN TDATI(! 7\:! REIESDD

W W/ FIReIY SIS

IF INBR=2 THEN TDAT(iJ)'LBHlﬂ'DD
IF INBX=3 THEN TDAT(1,3)=LBHIX*DD

IF INBR=4 THEN TDAT(2,1)=LBHIR*DD
IF Inreex THEN TDAT(2 2)xi RHIZ*DD

13 SIVAF/ET W TIWmIY FRFT s s \@gmy

IF INBR=6 THEN TDAT(2,3)=LBHIX*DD

IF INBR=7 THEN TDAT(2,4)-LB#IX*DD

IF INBR=8 THEN TDAT(2,S)=LBHX*DD
»

IF INBX=9 THEN TDAT(S,2)=LBHIX*DD
IF INBR=10 THEN TDAT(9,3)-LBHIX*DD

IF INBX=11 THEN TDAT(6,2)LBHIX*DD
IF INBR=12 AND TDAT(4,2)0 THEN TDAT(S 3LBHIX*DD

2. 3pLBHIR*DD

IF-INBX=12 AND TDAT(4,2)=1 THEN TDA

IF INBR=12 AND TDAT(4,2)=1 THEN TDAT(7,2)=CIRC/DAT(7 3)-DAT(21.5)
IF INBR=135 AND TDAT(4,3)=0 THEN TDAT(6,3)LBHIX*DD

If INBR=13 AND TDAT(4,3)=1 THEN TDAT(8.3)LBHIX*DD

IF INSR=13 AND TDAT(4.35)=1 THEN TDAT(8.2)=CIRH/DAT(8.3)-DAT(22.2)
IF INB%=14 THEN TDAT(Q.4)=LBHIR*DD

IF INBX=15 THEN TDAT(1,1)=LBHIX*DD
I INR®=16 THEN TDAT(10.3mLBHIR*DD

LA L=l ] T 7

IF INBX=17 THEN TDAT(IOJ)‘LB'HI'W

IF INBR=18 THEN TDAT(9,2)=LBHIR*DD
IF INBE=7 OR MRRa18 THEN TDAT(17.4M(TDAT(2,4*TDAT(9.2)V(DAT(2,44DAT(9.2))*DAT(17.4)

X=X

PP 13PP; PE 1=PE: PF1sPF: PPH1sPPH: PB1=PB: PX1=PX
FaFO: PHIL ®=PHDO: BETAD=PHPO: XR=XRO
IF 1%=0 THEN NTSTR=0

ML—CALLLIQDNIDAT()DDV.ET AF PHIL® BETAD XR KT$ HT$ NTSTR MTSTX ETYPEXR)

IF NTSTX=0 THEN NTST%=1: 6OTO INIT
WINDOW OUTPUT 4
PHIsDHIL #
PP=240-PPV/PWRO* 110
PE=240-ETA/ETO" 110
PF=240-F/FO* 110



POH=240-DHI/PHDO® 110

PB=240~8ETAD/PHPO*® 110
PX=240-XV/XR0* 110
Xa20+4240%1Z/WNCE

v e w

QALLW): PRINT USING “&";"Cooler flow: “XT$;

CALL MOVETO( 190,30): PRINT USING "8 Hester: flow: "HT$;

FORKR=1 TO6

I NBDR(CE =19 AND PP1¢240 THEN p&&ﬁ)ﬁxm

I NBPR(KRZ)20 AND PE1¢240 THEN L

F NDBPR(KX)=21 AND PF 1¢240 THEN LINECX 1.PF | HX.PF)

IF NBPR(KK)22 AND PPH1¢240 THEN LINE(X1.PPH1)-(XPPH)

IF NBPRIKZ 23 AND PB1¢240 THEN LINE(X1,PB1)-(X.PB)

IF NBPR(KX)=24 AND PX1¢240 THEN LINE(X1,PX1)-(X.PX)
NEXT KX

NEXT IR

FOR K%=1 TO 6

CALL TEXTMODE(1) ]
IF NBPR(KX)=19 THEN CALL MOVETO(X.PP): PRINT "Pwr

CALL TEXTFONT(142) .
MOVETO(X.PE): PRINT

[
IF NBPR(K%)=21 THEN CALL MOVETO(X.PF): PRINT r:
IF NBPR(KX)»22 THEN CALL MOVETO(X PPH): PRIM: ffr
IF NRDR(X 223 THEN CALL MOVETO(X.PB): PRINT “fp

TEXTFONT(1) .
CIAFLLPIPI(KmA THEN CALL MOVETO(X,PX): PRINT "XR

CALL TEXTMODE(0)

NEYT KR

T/ W

WINDOW CLOSE 2
ERASE TITLES NSPR
END SUB

SLB—@IIMMDAM)MI(I)MOSTOIONGW AD XRO)S

SHARED MTSTR ETYPER
DIM TITLES(15)
READ IprintX, itmaxX, nkatX
 DATA1.200120!

READ halpha hbets.epsy
DATA 1.,0.5.,0.001
FOR 1%=1 TO 25
FOR JR=1 TO 5
TDATUR JX)=DATUIX JX)
NEXT JR: NEXT I%
WINDOW 4,(220,20)-(320.273).3
CALL MOVE (70,0)
CALL TEXTSIZE(14)
CALL TEXTFACE(1)
PRINT Efficiency Optimizer®

CALL TEXTSIZE(12): CALL TEXTF.bmA::EW) misation.
PRINT Select up to four vari or op - . ]
TITLES(.Ic)z%': TITLES(2)="Md": TITLES(3=T" TITLE$(4)="Arod

ass PHIB\-"AR "

TITLES(S)="Lk": TITLE$(6)="Lr": TITLES(7)=Lh™: TITLES(D &

TITLES$(9)="Nh": TITLE$(10)="PSI™:
NJR=0
FOR JR=1 TO 2
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FOR I%=1 TOS

WM fIEP_e\eEPER. %A--

X185+{I%=-1)*55: X2=X 1433
""lﬂoﬁ'ﬂ%ﬂw
NJR=NI%+ 1

BUTTON NJR,1,TITLES(NIX).(X1,Y1)-X2,Y2),3

Y 2V T BNy V. B ]
NEAL TAI AL JA

BUTTON 11,1, TITLES(1 1)(5,130)-60,145).3
(] I

BUTTON 20,1, Done",(225,170)-270,190),1
K%=0

t.man & jiom . o at At e Ny
LN}

WHILE (K%<4 ARND DIALOGI 1 K

ACT=DIALOG(D)
WHILE ACT¢<>1: ACT=DIALOG(0): WEND '
IF DIALOG(1 520 THEN K%=K%+1: NBPR(KR)=DIALOG(1): BUTTON NBPR(KR).2

ey
FOR i%=1 TO 10
BUTTON CLOSE IX

P AMLL N A

NEXT i%: BUTTON CLOSE F1:BUTITON CLOSe 2V

CLS
NTST%=0: New start for each run

[M:OI
mans e JoaTeTD UTOTE CTVOCP £ DL RETAD YOO TDATIINRDRII KR Iimax® nkat® encv halnha hhota
CALL hooKe ViioiRARIioiAaciTree i : TRDAT{)LNDBY R K A iLUmexA nxaLA epsy halpha hbeta,

hqd.iprintX £70.X)
ERASE TITLES
ouTO:

FENU U
INFILE$=FILES$(0, Save Opt file s...7)
IF INFILE$="" THEN GOTO QUTO
OPEN INFILE$ FOR QUTPUT AS *1

CAMm I8¢ TN I
FUK iA®L 1V &

WRITE® 1, TDAT(IR. 1), TDAT(IX.2), TDAT(IX,3).TDATIX,4), TDAT(IR.5)

NEXT IR
OSE ®1: NAME INFILES AS INFILES, “DATA®

hooka(MTSTE NTSTR ETYPER.F PHIG BETAD XR, TDAT(2) NBPX( 1) NSTAGER maxk R nkatX epsy,

mum.'m'f;é.}ik}m X) STATC
DIM  RK(4).EPS(4).hql4).0q(4).w(4)

PHIL #=PHIG
DOIMT "halnha hhats mavk® nkat®”
PRINT Thaipha, noeis, mexKs, MWELa

PRINT halpha hbets maxk® nkat®
PRINT °“NSTAGER"NSTAGER
PRINT “Initial step slizes”

%
{F NBPR(IR)=1 THEN RK(IR)=TDAT(1,5)
IF NBPR(IR)=2 THEN RK(IR)=TDAT(2.])
IF NRDR(IR)=3 THEN RK(IR)=TDAT(2,2)
ETDAT(2,5)

IF NBPR(IR)=S THEN RK(IR)=TDAT(5.2)
IF NBPR(IR)=6 THEN RK(IX)=TDAT(9.3)
IF NBDR(1R)=7 THEN RK(IR)=TDAT(6.2)
IF NBPR(I%)=8 THEN RK(IR)}=TDAT(5.3)
IF NBPR(IR)=0 THEN RK(IR)}=TDAT(6.3)
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IF NBPR(Z)=10 THEN RK(IXWTDAT(S,4)

IF NBPE(I% )11 mmmm.z)
EPS(IZ)RK(LZ™ 05 .-

PRINT  “aps(ISF IR SPSUR) -

NEXT 1%

PRINT “epsy”.spuy
kflsgR=0

FOR 1%=1 TO NSTAGER
ha{1% =K (1%)

w(I% =01

NEXT IR

kat% =0

kk 1%=0

70 : kcount%=0
wh-d-ﬂl&?“!’t .

ETAD XRKT$ HT$ NTSTR MTSTR ETYPER)

L
3
3
g
‘P.:

SUM=-ETA

kk 1 Rakk 1 %+ 1
hoxCiiM

= ey §

IF kk1% = 1 THEN hadwSUrM: GOTO H1
IF bo > had THEN kflagR=1 ELSE hadwbo

TELTRITIIERIS R W Swws

H1: FOR I%=! TO usrmz
IR RK(I%)

ol W 100
IR VNS

REUIZ KR HERSUIX)
GOSUB DAT.TRNS
CALL LINDYN(TDATO)L.PPV.ETAF PHIL® BETAD XRKTS HT $ NTSTRMTSTR ETYPER)

WAMMNLS P ITEMIT 4
WITRAANY VI IT W 7y

SUM-ETA

kk { Bukk 1%+ 1
wi(I%)=SUM

IE w A i) 7 hnd TUEN AT KA
" WW\Imgs ™~ "w IT el WW W

RK(IRRK(IR)-21% EPS(IR)
GOSUB DAT.TRNS
CALL LINDYN(TDAT().PPV.ETA.F,PHIL® BETAD XRKT$ HT $ NTSTRMTSTR ETYPER)

WINAVALY OF ITIRIT 4

WMV W IT w1

SUM=-ETA

kk 1 Rukk 1%+ 1
wil® oM

iVl ]

RK(IR tsrk
IF 1%=1 THEN w(iXbo ELSE w(iX)=w(i%-1)
kcount Z=1+kcount®

8070 35
SB: hodew(I%)

qalIR =R (IX)
S5 . DOINT “is".I%
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NEXT IR
IF lprint®=0 THEN 60TO 65 ELSE 60TO 60

me smemaendm b

CALL MOVETOU0,0): CLS

o
<

P
' Record responses and location

PRINT “End of each pattern search”
PRINT"Variables”
FOR 1R=1 TO NSTAGER
PRINT RK(I%)
NEXT IR
PRINT"Sum",hqd
ETA=-hqd

PE=240-ETAZETO* 110 X=X+ 1
PSET (X.PE)

* Test to determine termination

65 : IF kk1%>maxk® THEN GOTO 94
IF katR >=nkat® THEN GOTO 94
hhf=w(NSTAGEX)-wbest
IF ABS(hhf)c=epsy THEN GOTO 94

" If sl axes fail to reduce step size

IF kcountR >sNSTAGER THEN GOTO 28
FOR I%=1 TONSTAGER
PRINT “ho(iR)" IR ha(IX)

PRINT “RK(IR)"RK(I%)
PRINT “Halpha® haipha
RK(IX)=RK(1% +hatpha® (RK(IX)-ha(tX))
NEXT IR

FOR I%=1 TO NSTAGEX
ha(1%)=qa(IX)
NEXT IR
6070 70

' Reduce step si2e

28 : katR=katR+1
IF kflag®=1 THEN 60TO 202
&0TO 204

202 : kflagh=0

FOR IR=1 TO NSTAGEX
RK(IX)=hq(IX)
NEXT IR
204 : FOR 1%=1 TO NSTAGEX

EPS{IR)=EPS{IR)*hbeta
NEXT 1%
IF iprint®R=0 THEN 60TO 70
PRINT "number of times step size reduced” kstR
60T0 70



94 : PRINT "The final eps are”
FOR 1%=1 TO NSTAGER

nDIAT enoe{1o)
NG P Oo\lA)

NEXT 1%
PRINT "The final rk are”
FOR IX=1 TO NSTAGEX

DNIRIT DWW iie)
EHYS KA\IA)

NEXT IR
PRINT "The minimum responsse Is” had
PRINT “Final x's”

AN 1B TAAMOTANCD
FUR 1A= IVIWIATCA

PRINT IR RK(IR)
NEXT IR
PRINT "Number of function evaluations® kk1®

EXIT SUB
DAT.TRNS:
IF NBPR(IR)=1 THEN TDAT(1,S)}=RK(IX)

L g ¥ - V] I~ AW 19
IF NOPR{IR)>=Z THEN TDAT(2,1)=RK(R)

IF-NBPR(IR)=3 THEN TDAT(2,2)=RK(IX)

IF NBPR(IX)=4 THEN TDAT(2,5)>=RK(IX)
IF NBPR(IR)=5 THEN TDAT(S5,2)=RK(IX)

IF NBPR(%)}6 THEN TDAT(9.3)RK(IR)

IF NBPR(IR)=7 THEN TDAT(6,2)=RK(IX)
IF NBPR(I%)=8 THEN TDAT(S,3)=RK(IX)
IF NBPR(IR)=0 THEN TDAT(6,3)=RK(IX)

IF NSPRUR)=10 THEN TDAT(9,4)=RK(IX)

IF NBPR(IR)=11 THEN TDAT(9.2)=RK(IX)
RETURN
END SUB
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