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Appendix B
Mask/Regulator Model Computer Program

PROGRAM MASKMODL
C...
C... PROGRAM MIODL CALLS: (1) SUBROUTINE INITIAL TO DEFINE THE ODE
C... INITIAL CONDITIONS, (2) SUEROUTINE RKF45 TO INTEGRATE THE ODES,
C... AND (3) SUBROUTINE PRINT TO PRINT THE SOLUTION.
C...
C... THE FOLLOWING CODING IS FOR 500 ODES. IF MORE ODES ARE TO BE INTE-
C... GRATED. ALL OF THE 5000S SHOULD BE CHANGED TO THE REQUIRED NUMBER

IMPLICIT DOUBLE PRECISION (A-H), DOUBLE PRECISION (O-Z)
INTEGER MI, NO, NEON, NSTOP, NOPUN
COlUSON/T/ T, XT, NSTOP, NORUN
I /Y/ Y(MO0)
2 IFI F(500)

C ...
C... THE NIUBER OF DIFFERENTIAL EQUATIONS IS IN CONMON/N/ FOR USE IN
C... SUIW INE FCH

Coo=/N/ NEON
C ...
C... CO=ION AREA TO PROVIDE THE INPUT/OUTPUT UNIT NUMBERS TO OTHER
C... SUBROUTINES

CaNONI/OI/ mi, NO
C ...
C... ABSOLUTE DIMENSIONING OF THE ARRAYS REQUIRED BY RKF45

DOUBLE PRECISION YVWSOO). UORK(11OOO)
INTEGER IWORK(S)

C ...
C... EXTERNAL THE DERIVATIVE ROUTINE CALLED BY RKF45

EXTERNAL FCN
C...
C... ARRAY FOR THE TITLE (FIRST LINE OF DATA), CHARACTERS END OF RUNS

CHARACTER TITLE(20)'4, ENDRU 3)'4
C ...
C... DEFINE THE CHARACTERS END OF RUNS

DATA EIRUN/IEND ','OF R','UNS 'I/
C ...
C... DEFINE THE INPUT/OUTPUT UNIT NUMBERS

miss

C ...
C... OPEN INPUT AND OUTPUT FILES

OPEN(HI ,FILE='NASKDAT .DAT')
OPEN(NO. FILEu'OUTPUT.PR)' ,BLOCKSIZE=2048)

C...
C... INITIALIZE THE RUN COUNTER

NORUNSO
C ...
C... BEGIN A RUN
1 )I•U w,4Gt;I

C ...
C... INITIALIZE THE RUN TERMINATION VARIABLE

HSTOPEO
C ...
C... READ THE FIRST LINE OF DATA
C...

READ(NI.¶OOO,ENDuM99) (TITLE(I), I x 1, 20)
C ...
C... TEST FOR END OF RUNS IN THE DATA
C...

00 2 1 w 1, 3
IF(TITLECI) .NE. ENDRUNCI)) GO TO 3

2. CONTINUE
C...
C... AN END OF RUNS HAS BEEN READ, SO TERMINATE EXECUTION
999 STOP
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Program MASKMAIN.FOR

C ...
C... REAO THE SECOND LINE OF DATA
C ...
3 READ(Nl,.,EN0•99) TO, TF. TP
C...
C... READ THE TNIRD LINE OF DATA

I1EDO•)(NIEI999) NEGN, ERROR
C ...
C... PRINT A DATA SlUIMRY

WIITE(NO,1OO3)NORUM,(TITLE(I), I * 1, 20),
I TO, TF, TP,
2 MEON, ERROR
mITE(*,1003) NOR9UN, (TITLE(l), I 1 1, 20).

I TO, TF, TP,
2 NEON., ERROR

C ...
C... INITIALIZE TINE

T• TO
C ...
C... SET THE INITIAL CONDITIONS

CALL INITIAL
C...
C... SET THE INITIAL DERIVATIVES (FOR POSSIBLE PRINTING)

CALL DERV
C ...
C... PRINT THE INITIAL CONDITIONS

CALL PRINT(NI, NO)
C...
C... SET THE INITIAL CONDITIONS FOR SUBROUTINE RKF4S

TV a TO
00 S I a 1, NEON
YV(I) s Y(I)

S CONTINUE
C...
C... SET THE PARAMETERS FOR SUBROUTINE RKF45
C...

ELEM ERROR
AISERR a ERROR
IFLAG a I
TOUT a TO + TP

C...
C... CALL SUBROUTINE RKF4$ TO START THE SOLUTION FROM THE INITIAL
C... CONDITION (IFLAG a 1) OR COIPUTE THE SOLUTION TO THE NEXT PRINT
C... POINT (IFLAG a 2)
4 CALL RIKF45(FCU,NEQNYVTV,TOUTRELERR,ABSERR,IFLAG,UORK, IWORK)
C ...
C... PRINT THE SOLUTION AT THE NEXT PRINT POINT

TTV
TOUT a TV T TP
PRINT +,"TIm a *, T
DO 6 1 a 1, NEON
YCI) a YV(I)

6 CONTINUE
CALL OERV
CALL PRINT(MI,NO)
IF(IFLAG .EO. 4 .OR. IFLAG .EQ. 7) IFLAG 2

C...
C... TEST FOR AN ERROR CONDITION

IF(IFLAG .ME. 2) THEN
C ...
C... PRINT A MESSAGE INDICATING AN ERROR CONDITION

UEITE(NO,1004) IFLAG
C4...
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Program MASKMAIN.FOR

C... 2o ON TO THE NEXT RUN
8O TO 1

END IF
C...
C... CHECK FOR A RUN TERMINATION

IF(NSTOP .aE. 0) GO TO 1
C...
C... CHECK FOR THE END OF THE RUN
C ...

IF(TV .LT. (TF - 0.SDO5TP)) GO TO 4
C...
C... THE CURRENT RUN IS COMPLETE, SO GO ON TO THE NEXT RUN

so to I
C ...
C ...
C...
C... •FORATS
C...
1000 FORNAT(20A)
1001 FORMAT(3E10.0)
1002 FOIIAT(iS,20X,EIO.O)
1003 FOUIAT(1H1,

I I RUN NO. - ,13.2,2X,2A4,//,
2 ' INITIAL T - ',EIO.3,//,
3 ' FINAL T - ',E10.3,11,
4 ' PRINT T - ',E10.3,//,
5 ' IUNE.R OF DIFFERENTIAL EGUATIONS - 1,15,//,
6 ' MAXIMUM INTEGRATION ERROR - ',E1O.3,//,
7 1161)

1004 FOiNAT(ON //.' IFLAG - 1.13,/I,
1 ' INDICATING AN INTEGRATION ERROR, SO THE CURRENT RUN' ,/,
2 ' IS TERMINATED. PLEASE REFER TO THE OOCUMENTATION FOR' ,/,
3 1 SUBROUTINE',//,25X,,IRKF45',//,
4 1 FOR AN EXPLANATION OF THESE ERROR INDICATORS'

END

SUBROUTIHE FCI(TV,YV,YDOT)
C...
C... SUBROUTINE FCN IS AM INTERFACE ROUTINE BETWEEN SUBROUTINES RKF45
C... AND DRWV
C...
C... NOTE THAT THE SIZE OF ARRAYS Y AND F IN THE FOLLOWING CGIMOM AREA
C... IS ACTUALLY SET BY THE CORRESPONDING COI1OMM STATEMENT IN MAIN
C... PROGRAM NEADHIT

IMPLICIT DOUBLE PRECISION (A-H), DOUBLE PRECISION (O-Z)
INTEGER NEON, NSTOP, MORUN

lOlON/T/ T, XT, NSTOP, NORUN
I /Y/ Y(500)
2 IF/ F(OO0)

C...
C... THE NUMBER OF DIFFERENTIAL EQUATIONS IS AVAILABLE THROUGH COMMION
C... I/I
C ...

COMSON/N/ NEON
C ...
C... ABSOLUTE DIMENSION THE DEPENDENT VARIABLE, DERIVATIVE VECTORS

DOUBLE PRECISION YV(500), YOOT(500)
C ...
C... TRANSFER THE INDEPENDENT VARIABLE, DEPENDENT VARIABLE VECTOR
C... FOR USE IN SUBROUTINE DERV
C ...

T aTV

00 11 1, NEON
Y(I) a YV(I)

1 CONTINUE

C...
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PiroiaM MASKMAIN.FOR

C... EVALUATE THE DERIVATIVE VECTOR
C...

CALL DEIRV
C ...
C... TRANSFER THE DERIVATIVE VECTOR FOR USE Bt SUBROUTINE RKF45
C..

DO 2 1 1, NEON
YDOTlI) - F(I)

2 CONTINME
RETURN
END
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Program MASKSUBS.FOA

C... DECK NASKISS.PFON - IUIfUTINES REQUIRED TO I1MPLEMENT A 14WEL OF AN
C... AVIATOR'S OROMASAL MASK.
C...

SUMOUT INE INITIAL
C...
C... Subroutine Initial sets initial conditions and defines constants
C... passed to other modules in COMMON. It is only caLLed once.
C...
C... DETAILED EXPLANATION OF THE EUATIONS.
C...
C ...
C... NOTE: The subscript notation indicated partial derivative WRT the
C... subscript E.G. Xt -3, The first partial derivative of X
C... WRT time.

C... This modal estimates the flow and pressure within the mak hase and
C... the oronsrat cavity of the aviator's breathing mask during the
C... breathing cycle. The forcing function for the model is the volums
C... change generated by the lung during breathing and pressure changes.
C...
C... The present coding models the lung voltm change by the following
C... sinusoidet function.
C...
C... VMt) a VLO - Qmex/wu(COS(wt) - 1), so that the lung flow is
C ...
C... Q(t) * amox*SIN(wt).
C ...
C... The airway resistances are modeled by simple quadratic fits to
C... physiologic data. The resistance of the bronchi and trachea are
C... ncltuded In the tung model, but the resistance of the oronasal cavity
C... is included In the mask modet for convenience. The oronasat resls-
C... tances are accounted for separately for the nose and mouth by the
C... following model.
C ...
C... deltaP a KI*9 + K2W2
C ...
C... The last term in the above accounts for inertance.
C...
C... For the mouth.
C ...
C... K1 x 2.4 cm-N2O*sac/tetor and K2 a 0.3 cm-N2o*sec^2/titer^2.
C ...
C... For the nose there are separate K2's for inspiration and
C... expiration.
C ...
C... KI a 3.0 cm-H20*sac/titer and
C...
C... Inspiratory K2 - 3.0 cm-M2O*sec^2/titer42.
C ...
C... Expiratory K2 a 4.0 cm-N2Oesec42/Liter42.
C...
C... The overall pressure drop produced by the oronasat cavity
C... is modeLLed by assigning the relative fraction of the total breathing
C... flow to the mouth and nose respectively. The individual drops are
C... weighted by the flow fractions. Thus,
C...
C... Fm P Fn a 1.0, and deltaP a FoPdettaPm.+ FnedeltaPn.
C ...
C... The mask is modelled as a deed space and two variable area
C... orifices through which inspiratory and expiratory flows separately
C... pass. The fnspirstory valve model estimtes the flow between
C.,. the mak supply hose and the oronasal cavity during inspiration.
C... The expiratory valve model relates the flow and pressure drop between the
C... mask cavity and the external mbient atmosphere during expiratory flow.
C... Both valve models are based on empirical data collected on the RAF
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C... PIG w.ak which mosts the ASWC flo( resistance standord. Other valve
C... models can be sukatituted. The general form of the modal is
C ...
C... 0 a F(A,deLtaP),
C ...
C... where A is the mask valve area and a is the instantaneous
C... flow through the valve. The valve area, A, is in turn a function
C... of the pressure drop, deLtaP, asrOs the valve. It is solved by
C... estimating the area of the valve frem the pressure drop across the
C... valve and then computing the flow through the valve using ideal
C... orifice equations. Nook leeks can be modelled by parallel flow
C... paths to ambient, but none ame Included in this version. Eiplratory
C... valve compenstion Is simulated by adding any positive difference
C... batsmen .mak hose pressue and amient pressure to the expiratory
C... valve dram streim pressure which is normatly ibient pressure.
C...
C... Naok hose and connector looses are modelled as simple tubes with
C... flow-pressure drop reletionships based on empirical data. The
C... regulator outlet flow-pressure relationship is based on curve fits
C... to empirical data.
C ...
C...
C...
C... OKE COIlN
C ...
C... /T/ time variables
C... /F/ time derivatives of variables
C... /S/ spatial derivatives of variables
C... /R/ & /I1 rel and Integer parameters required to define constants and
C... define the spatial integration grid.
C ...

PARMETER. (NDK3)
INPLICIT DOUBLE PRECISION (A-N, O-Z)
DOLUIE PRECISION KO, IP1, VICK, KOMi, KOCPI
INTEgR USWOP. 1UMN, IP. NEON
¢CWION/T/ T, XT, USTOP, No"11U

I /V/ VOL(NDE), FLOW(NDE), PRSS(DOE), I
C...
C... VOLC1) [.3 CLailative votum flow from regulator [W"31
C... VOL(2) [a= Cumulative volume flow into nmak [W13]
C... VOL(3) [a] CumoLative Respired volume (Insp - Exp)[mA3]
C ...
C... FLOU1C) (a] Instantaneous ftow from regulator [um3/sec]
C... FLMN(2) Cml Instantaneous mask flow Cn'31sec]
C... FLOW(3) [o] Instentanems Oro-nrsal flow [m3/sfc)
C...
C... PlSSI1) [t] Regulator Outlet Pressure [P.3
C... PUESSMZ) [a] Nask/Oronasat Cavity Press. [Po]
C... PRESS(3) to] Intra Pulmonary Pressure CPa]
C ...

2 /F/ DVDT(NDE), DFDT(NDE), DPOUN(DE),
C ...
C... Derivatiwve of Volames and Pressures
C ...

3 /S/ lUMS I Spatial Derivatives if needed
4 /R/ PI, PO, VC, TO, UNIV, I Pf - 3.1412..., Std P,V,T& R
* PA20.

KG, I•PI, KI, IKP1OK, KMi.,! K, KICK-1), (K+I)/K, 1/K, 2/K, etc
* OCTKWO 1O11i(, TOWOKPI, I Adiabatic constant and
* MM, HECK, I derived constants
* c, I Orifice Discharge Coefficient
* TUOY, TAWe, PAW, I Temperatures - Body & Ambient
* GNU, CASK, WKASS, I Gas paramters MU & Specif Heat ratios
* UW, MEGA, TINISP, FRI, I Dreathing flow parmters
* T1, TPAUSE, RR, VTIDAL, I Breathing flow parameters
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* VFRCO, FRC, PPU•OY. I Initialt, Current FRC, ppHZO Body

* M(2), ANl3), AHEC3), I Airway parameters
* VAO, VHAO, CINERT, OPAId, I Airway perameters
* AUI, DVL, I Airway Inartance
* PP0EGO, PRF, Gdoti, I Regulator Outlet Pressure
* VDSMS. ANIV. ANEV, I Nask paraters
* 0iV, GEV, I Nask valve ftow indicators
* OL. VOL2, VlL3. VOL4, I Voimes
* AN, AMD. AWN, Ar. I Atomic uts
* UNN2, am02. MC=, I Molecular wts
* mumIO, MWAIN, I N

* FINSPC4), FEXP(4) IGas Fractions, 02,2+Ar.C02,H20

5 It/ 1P , IRELF I Print Counter
6 /N/ NMI

C ...
C... Set Conmtants employed in simulation
C...
C... PI a 3.10159...
C... TO n Freezing point of water at 1 atmosphere
C... VO a Volume occupied by 1 kg-mot of ideaL gas at I atm and Tzero

C... PO a Standard atmoepheric pressure in Pascats CN//m2]

C...
Pi a DACOS(-1.D0)
TO a 273.1DO I deg K
VO = 22.4097O0 1 .3/kg-mel
PO a 1.0132505 1 Pa
am a 1.4a 0 I k a Specific Neat Ratio Cp/Cv

CO a 0.68 1 Orifice coefficient
FN a 0.7DO I Fraction mouth breathing
VAO a 150.D-6 I Respiratory Anatomical Dead Space (W3)
VDISl a 1S0.D-6 I Oroneat Mask Dead Specee (m-3)
VRCO a 2.50-3 I Resting Functional Residual Capacity [W31

DVL * 2.25020-7 1 Rate of Lung Votlue Increase per Pascal of PPS

"USM *1.00800 1 Atomic Wt Hydrogen
AWNS 14.0100 1 AMd Nitrogen

A 16.DO I AM Oxge
AMC 12.0100 1M Carbon
AMAr u 39.9400 I AM Argon

C ...
C... DERIVED CONSTANTS
C-..
C... PV a RT Universal Gas Law
C...
C... RUNIV a PO*VO/TO Universal Gas Constant
C...

UAIV a PO*VO/TO
KPI a GASK .DO I k + 1
KOM1 a GASK/(GASK - 1.00) I k/k - 1)

KPIOK a KPI/GASK I (k + 1)/k
KOP1 - GAW P1 I k/(k + 1)

TWOOK a 2.DO/GASK I 2/k
T11KOK (2.DO - GASK)/GASK 1 (2 - k)/k
TOOKP1I a 2.DO/lP1 I 2/(k • 1)
TUOOMI1 a 2.DO/(GASK -1.DO) I 2/Ck 1)
ONiEOK * 1.DO/GASK I 1/k
TAME a TO + 25.DO I Ambient Temperature
TOIDY s TO + 37.00 I Body Temperature
PA2NN a 760.DO/1.01325DS I Conversion Factor Pa to mMHg

PAW a 1.0132505
PREF a PAIN
0OHM20 - AIMI2.DO + A, O I 1W Water

INaCO2 A C + 2.DO*Awo I MW Carbon Dioxide
OM02 a 2.DO*AUO I MW N2
Q2 w 2.OAIN I 1MW 02
MMAI. - O.209500*GM02
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• + 0.7810O0U*m
* + 0.0093D0AiAr I NW Dry Air (ieglect 0.042 C02)

AM m VAO * VSINUK)3.00/4.DO/Pf)**(1.00/3.00) I Airway radius
AWL. 2.WOAUR I Characteristic length of airway
AMA a Pi*AilAR I Characteristic airway orea
AU, a AblL/IAt I Airway inertane (Cr-1)

C....
C ....
C... INITIAL CONDITIONS IT a 0)
C...
C... RESPIRATION RATE (Creeths/min)
C ...

ER a 20.00/60.D0 I Breaths per second
Ti a 1.00/R0 I Respiratory period
TIMIP * TR/2.00 I Inspiratory period
TPAUSE 0.IOO*TR I Interbreath pause duration

C...
C... VOOTE N MINUTE VOLUNE (N^3/SEC]
C ...

VTIDAL 1.50-3 I Tidat Volume a 1.5 Liter/breath
WDOTE - RrVTIDAL I VdotE in eWisec
g a VDOTPPi I Peek Flow from sinusoidat flow profite
MEGA a 2.ePDiRR I RR in radians/sec
FPU a 0.7500 I Fraction Mouth Breathing
FIUSPC1) a 0.50 I Fr 02 inspired
FIMIP() m 0.5DO I Fr 112 (Inert) inspired
FIUIP(3) a O.0OO I Fr C02 inspired
FIUIP(4) a 0.OO I Fr NOD2 inspired
FIXPM1) a 0.1700 1 Fr 02 expired
FEXP(3) a 0.0400 1 Fr C02 expired
FEXP(/) = 0.062D0 I Fr 1120 expired
FEXV(2) a 1.00 - (FEXP(f) + FECP(3) # FEXP(4)) f Fr N2 (inert) expired
V101) a PI*((2.540-2)/2.DO0)*2.DO2.OO 1 2 m of I in 1D hose
VOLl a VOL(1) I Parmaterize initial votlms
VOLM2) a VNSK + VAO I Include msk cavity and anatomical, dead space
VOL2 a VOL(2)
VOL(3) m WCO
VOL3 a VOLC3)
PMEW u PAMB I Initiatize regulator outlet pressure
ANlV * 0.00
NEV a 0.00

0IV a 0.00
0EV m 0.00
PPI9ODY a 47.D0/PA21U I Convert saturation pressure to PascaLs
I1.
DO UILE (I .LE. 1OE)1 Initialize flows, pressures, and derivatives

PRESSM(i a PAMS
FLOUi) a 0.O0
DFDTCI) a 0.00
DVDT(C) a O.DO
OPOYTi)- 0.00

END00
C ...
C... Comlpute Starting values for derivatives by calling DERV
C ...

CALL DERV
IP a 0 I Initialize print flag
IRELF a 0 1 initialize RD ftag
RETURN
tIS

C...
URGOUT INE DERV

C...
C... DERV CALCULATES THE TINE DERIVATIVES TO BE INTEGRATED BY RKF45
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C...
C... OW CONmmN
C...
C... /Y/ time variables
C... /F/ time derivatives of variables
C... /S/ spatial derivatives of variables
C... /i/ & /I/ reel and integer parameters required to define constants and
C... define the spatial integration grid.
C...

IMPLICIT DOUBLE PRECISION (A-H, O-Z)
OUBLE PRECISION KG. KMP, IPIOK, K1I04, KOKP1
DOUBLE PRECISION DPNIE, DPOI, D0NE
INTEGER NSTOP. N)NUN, NDE, IP, NEON
PARAMETER (NDE-3)
COlON1/T/ T, XT, MSTOP, MORWN

1 /Y/ VOL.(DE), FLOW(NDE), PRESS(NDE), I
C...
C... OL(1) (a] CtnAlative volume flow from regulator
C... VOLC2) [o] Cumulative volmme flow into mask
C... rOLC3) (a] Cumulative Respired volume (Insp - Exp)
C...
C.... FLOWIl) to] Instantaneous flow from regulator (m.3/saci
C... FLOU(2) to] Instantaneous mesk flow rW3lsec]
C... FLOW(3) (,, Instantaneous Oro-nasal flow [W3/secl
C...
C... PESSM(1) to] Regulator Outlet Pressure
C... PRESS(2) C=] eask hose pressure
C... PRESS(3) [a] Mask cavity Pressure a Intraorat pressure
C...

2 /F/ DOT(lNDE), DFOT(UME), DPOT(NOE),
C...
C.... Derivatives of Votlmes and Pressures
C...

3 /S/ KNO6W I Spatial Derivatives if needed
4 /I/ PI. PO, VO, TO, UNIV, I PI = 3.1412..., Std PV,T& R
*PA2MM,
* CKO, IPI, KOMIOl, KP1OK, KOKPI,I K, K/(K-I), (K÷I)/K, I/K, 2/K, etc
* T1OIK, TIKOK , TIOOKPt, I Adiabatic constant and
* TWOOKMI ONOK, I derived constants
* CD, I Orifice Discharge Coefficient
* TlODY, TANA, PANS, I Temperatures - Body & Ambient
* (JlO, OWi, GAS(, GASKS, I Gas parameters NW & Specif Neat ratios
* ON1, OMEGA, TINSP, FRN, I Breathing flow perameters
* T1, TPAiSE, RR, VTIDAL, I Breathing flow parameters
* VFRCO, FRC, PPWbODY, I Initial, Current FRC, ppH20 Body
* *1(2), ANi(3), ANEC3), I Airway parameters
* VW, VMA0, CINERT, DPAW,I Airway parareters
* AW, DVL, I Airway parameters
* P1EGO, PREF, Odoti, I Regulator Outlet Pressure
SVO1SMIK, ANIV, AMEV, I Nask parameters

•IV, EV, I Mask valve flow indicators
* VOLl, VOL2, VOL3, VOL4, I Volumes
* AN. ANO, AMN, AWAr, I Atomic wts

SGNN2, GN02, U1C02, I Molecular wts
* own20, (NhAIR, I W
• FINSP(4), FEXP(4) IGas Fractions, O2,N2+Ar,CO2,H20
S /I/ IP , IRELF I Print Counter
6 /Ni NEON

C...
C... THE NUMBER OF DIFFERENTIAL EQUATIONS IS IN CO OM/N/ FOR USE IN
C... SUBROUTINE FCN
C...
C... COMPUTE DERIVATIVES
C...
C... Define some statement Functions
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C ...
C... Inspiratory and expiratory resistance of the mouth
C ...

oPNIEC() a 2.3505*0 + 2.907•0- I Mouth dP vs 0 for inspiration and expiration
C... I Volum Flow
C... Inapiratory nose resistance
C ....

OPOI(Q) a 2.9405*0 * 2.9408ýP I Note dP vs Q for inspiration
C:.,. I Volume flow
C... Expiratory nose resistance
C ...

DPNE(Q) a 2.9405"Q + 3.92D&" I Nose dP vs Q for expiration
C... I volume flow

VTOT * VOL2 + VOL(3) I Lung Volume and Deadspect Volume
TEO * TR + TPAUSE + TPAUSE/2.DO
TC * TR * TPAUSE I Time per respiratory cycle
ROF * O.DO I RD Flag OFF
IF(T .GE. TOD .AND. PA4B .GT. 6.6860804) THEN IRAPID DECOMPRESSION

PAW = DMAX1(1.01325D5
* - 2.00-3.44M3D4*(T - TRD)/TC, 6.68607T4)

DF a 1.D0 I Set RD Flag ON
END IF
PREF = PAW
IF (PRESS() - PREF .GT. S.D2 .AND. FLOW(1) .EQ. 0.00) THEN

PRESS(1) a DMINICPREF + 5.D2, PRESSC1))I Simulate a 2 IrVg relief valve
P3EGO a PRESS1()

ELSE
P3100 u DNI(PREGO, PREF)
PRESSO) a DMINCPREGOPRESS(1))

END IF
RNQAO a PRESS(2)*GlAO/RUNIV/TBCDY ! Density Oronasat cavity
IF (DNMD0T,TC) - TPAUSE .GE. 0.DO) THEN

XT DNOD(TTC) - TPAUSE I Compute time from onset of
ELSE I Inspiration

XT a O.DO I Pause time
END IF
IF(T .GT. TOD .AND. T .LT. 2.DO*TC + TPAUSEI2.DO) XT z 0.00
at a 0.00 1 Inspirrtory Flag
IF(XT .GT. 0.00 .AND. XT .LE. TINSP) 0! x 1.DO I Inspiretory Flag
aE x 1.00 - GI ! Expiratory Flag

00 WHILE (i .LE. HDE)
PRESSCi) = DMAXI(PRESS(i), 1.02)1 Absolute pressure .GE. 100 Pa

i a f + 1 I Don't allow negative absolute pressure
END DO
IF(PRESS(2) .GT. 0.00) FIMSP(4) a PPWBOOY/PRESS(2) I Mote Fraction 020
FIMSP(2) a 1.00 - (FINSP(1) + FINSP(3) + FINSP(4)) I Inert Gas Fraction
GIW a CALMW(fINSP) I MW Oronasal Cavity Inspiration
RNOWO a PRESS(3)GMMO/RUIV/TB©DY I Density OronasaL cavity
OIWHN a FINSP(1)*GN02 + FINSP(2)-GMW2 I MW Mask Hose
RHOMH a PiESS()SMAN/IUNIMV/TAlS I Density Mask Hose [kg/me]
ONF a 1.00 - FRN I Fraction Nose Breathing a 1 - Fraction Mouth Breathing
IF( XT .GT. 0.00 ) THEN

DFDT(3) a Q•MA GA*DCOS(OSEGA*XT) I Lung Volume Flow Derivative
FLOIK3) a aAM*DSIN(COEGA*XT) I Lung Volume Flow Ct3/sec]
Gdot3 a FLOV(3)*RHOAO I Lung Mass Flow [kg/secl
OP a DABS(ROMDPMIE(FLOW(3)) + OIF*DPNI(FLOU(3))*Ql I Pressure

* + OMF'DPNE(FLOU(3))*QE) I toss through nose & mouth
PRESSC3) a PRESS(2) - DPlQ! + DP*DE I lung pressure
C3 a VTOTGNWAO/UINIV/TBOOY I Lung Capacitance

F(*Gdot3 .ME. 0.00) THEN
R3 a DP/Gdot3 I Airway Resistance

ELSE
R3 a O.O0

END IF
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090TC3) a -(1.DO/C3*Gdot3 + DFDTC3)*R3) I *P/dt for Lung
ELSE

FLOW() a 0.00
Odot3 - 0.00
DV1DTC3) a 0.00
DPDT(3) a 0.00
IF(FLOWC2) .10. 0.00) PRESS(3 a PRESS(2)
ANVA0 a PRESSC2)UWAO/RUNIVITSCY 1 Density Oronasal cavity

END IF
OPLUNG a P113(3) -PAWS I Differential Lung Pressure

C
C Calculate the area of the inspiratory and expiratory valves
C from curve fits to RAF P/0 Mask valve dots (ASCC comptiant)
C
C I Exp valve has 0.5 Ir~g cracking Pressure

IF(PIISSC2) AT. (PISSC1) + 50.00) ) THEN
0IV m 0.00
M1135() * DNX1PREGO, PRESSC1))

RHNW = PRESSC1)O*hhIH/RUNIV/TAMB I Density Mask Hose Ckg/m'3]
FLOW() a 0.00
Odoti a 0.00
090TC1) m 0.00
FEXP(2) a 1.00 - (FEXP(1) + FEXP(3) + FEXP(4)) I Inert gas fraction
OHM CAUNWCFEXP) I Expired gas molecular weight
PEXPV PAlS + DRAX1CO.DO, PRESS~i) -PANS) + 50.00 1 0.5 Inch Ug Spring Pressure

I Compensat ion pressure
I Expi ratory valve beck pressure can be tailored to
I comensation characteristics of a particular valve

DPX a WIAX1CPIESS(2) -PEXPV,0.D0) I Delta-P Exp Valve
AllEV a DNAXI(.0.0, DNIN1C3.AO-TODPX -I.1iD-5,1.60-4))1Area Expiratory Valve

C PMASK P15051
CALL ORIFLO(CCO ANlEW, PRESSC2). PEXPV , TBODY, OWE,
* FLOWIC), Qdot:2, PCRIT) I Expiratory valve flow
FLOU(2) a DNIN1(-FLOC2C), 0.00) I Flow is reversed for expiration
IF(FLOW(2) ALT. 0.00) THEM

aEV =1.0
ELSE

0EV O .00
END IF
DPDT(2) aPRESSC2)/VTOT'CFLOWC2) -FLOW(3)) i Mask dPIdt.

ELSEII(PRESS(1) AGT. (PRESS(2) + ¶0.00)) THEN
C IF (FLOWdC1) .ME. 0.00) THEN
C PRESSC1) a DNIN1CPRESSC1),PREF)
C ELSE
C PRESS(1) a DNIN1(PRESSC1), PREGO)
C END IF

DPI a P1115(1) -PRESSC2) Delta-P Inapiratory Valve
AMIY a ONAX1O.DO, OMIN1CI.0090-6VOP1,1.5D-4)) W~ras map Valve
5W! a CALMWCFIMSP) I Inspiratory gas molecular weight

C PUHOSE PIIASK
CALL ORIFLOCCO, ANIV, PRESS(1), PRESSCZ), TARS, GNU!,

FLOWC2), Gdot2, PCRIT) I Inspiratory valve flow
FLOW(2) a D1NAXICFLOWC2), 0.00)
IF(FLOWC2) AGT. 0.00) THEN

0lv a 1.0
ELSE
GIV a 0.00

END I F
RHOAO a PRESSCZ)*GWWO/RUNIV/TUOOY I Density Oronasal cavity
RHOMH MSPSOM1)GMINN/REN NV/AMl I Density Mask Hose Ckg/m^3J
Q~Idt FLOIEC2)'RNOA I Mass flow Into mask
FLOUCI) a Gdotl/ROMH I Volume flow from mask tube
DPW1 a OPHOSE(Gdoti) I Pressure loss in hose
P1100 a ONINI(PRESSC1) + OPH, PREP) I Regulator outlet pressure
DELTAP a P1100 - PREP I Differential pressure relative to reference
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MPOT(O) a 1.D/VOL1*(PEOOGTREG(DELTAP)/RHOMH I GTREG Is ms fLow v DP
* - PRES$(1)WFLOW(1)) I cP/dt for msk hose outlet pressure

OPOT(2) a PNESS(2)/VTOT(FLOW(2) - FLOV(3)) f dP/dt for Nask
ELSE

IF( GIV .AQ. 0.00 ) THEN
FLOW(1) a 0.00
Gdotl a 0.00
OPO)TC) a 0.00
DFDT(1 m, O.DO
PREGO a PREF

PtESS(1) a DRINI(PREGO, PRESSCI))
INOMN a PRSsCI¶)USNi/RMiIV/TAIM I Density Mask Hose (kgIW3/

END IF
IF(OIV + OY .E Q. 0.00) THEN

FLOW(2) a O.DO
DFDTC2) a 0.00
IF(FLOW(3) .EQ. O.DO) PRESS(3) a PRESSC2)
DPOTC2) a -PRESS(2)/VTOT*FLOW(3) I dP/dt for Mask

ElS IF
END IF
DVOT(1) m FLOUWi) I Cuamulative volume flow from regulator
DNOTC2) m FLOU(2) I Ftow is derivative of volume
DVDT(3) a FLP M(3) I FLow is derivative of voltume

1000 KTItrNl~
ENO
SUIROU INE PltiNT(*I ,O)

C...

C... Prints selected output variables at the specified time interval.

C ... ODE caON01N

C... /Y/ tim variables
C... /F/ tfm derivatives of variables
C... /Pi/ spatlet derivatives at variables
C... /R/ &/I/ rest and Inter paramters required to define constants 8nC...

C... N/3 / spaia de XvTive of P varible

C... doefine the spatial integration grid.
C...

IMPLICIT 0.U31E ( PRECISION CA-H, O-Z)
PACN... (E-hp3)
0013.. PRECISION KG, KP1, I tIOK, P0essur KOIPp
INTEGER NSTOP, NIICIIN, IP, NEON
COIhbON/T/ T, XT, U/STOP, MbAUM

1 /F/ VOL(NDE), FLOT(NDE), PTESS(NDE),
C...
C... VOLti) Ce ) Csmtltive vootfV flow frm regulatorC... VOL(2) [.] Ctialative voltuae flow into mask
C... VOLC3) [.] Cutinltive Respired voltue (mnsp - Exp)

C...C... PLONC1) C-] instantaneous flow from regulator [m'~3/sec3

C... P/O/(2) [u] Instantaneous Disk flow [ if/sc]
C... PFL01(3) [.) Instantaneous Oro-nasal flow CW•3/sec]
C...
C... P1ESS(l) Cu] Regulator Outlet Pressure
C... IPtESS(2) C.) M4ask hose pressure

c... PRESO3) [1 Msk cavity Pressure a 3 ntraoraL pressure
Co..

CFf DVOTIIDOE) , FPOT(OKE), DPOTCHOE),
C...
C... Derivatives of Voliamss and Pressures
C...

3 IS/ DUlely I Spatial Derivatives if needed
1. /11/ P1, PO, VO, TO, RUiV, I Pi - 3.1412 .... Std P,V,T& R
* PA23I4
* 16, ICPi, KOiINI, IPlOiK, KOKP1I, K, K(/(K-i). (1+1)/K, 1/K, 2/K, etc
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* ThOOK, TICMM. TOOICP1, I Adiabatic constant aid
TWiOCNi. ONEOK, I derived constants

* CD, I Orifice Discharge Coefficient
O TIODY. TANS, PANG I Temperatures - Body & Ambient

O mN, UWS, GASK, GASKS, I Gas paramterts MW & Specif Heat ratios
* GAM, ONEGA, TINSP, FRN I Breathing flow parameters
* Ti, TPAUSE, Ri, VTIDAL, I Breathing flow parameters
* VFRCO, FRC, PPUBODY, I InitiaL, Current FRC, ppH20 Body
O AN(2), AN1U3). ANE3), I Airway parameters
* VAO, VHAO. CINERT, DPA. , Airway parameters
* AMI, DVL. I Airway parameters
* PREGO, PREF. Gdotl, I Regulator Outlet Pressure

1DSNSK, ANIV. A*EV, I Mask parameters
* QIV, 0EV. I Mask valve flow indicators
* rOL, VOL2. VOL3. VOLA, I Volins
* AWl, AND, AWN, AWAr, I Atomic wts
* Nm2.2.Sb. cWC0. I Molecular wts
* 0NI420 SMAIR, I s N
* FINSP(4), FEXP(4) 1Gas Fractions, 02,N2÷Ar.CO2,H20
S /I/ IP , IRELF I Print Counter
6 IN/V EON

C...
C...
C... PRINT A HEADING FOR THE NUIDEIICAL SOLUTION
C...

IP a 1P + I
C URITE(NO,2)
C WRITE(NO,2) T
C...
C... PRINT THE SOLUTION
C...

WRITE"( ,'(1X,2FIO.3)W) T, XT
WRITE(*,3) T, PREGO, (PRESS(k), kulNDE). (DPDT(k), kul,NDE)
WRITE(*,3) T, (VOL(k), ku,,NDE), (FLOW(k), kul,NDE)

RIITECO,2) T, PANS, PREGO. (PRESS(k), k-I,NDE),
* (DPOT(k), knI,NDE), (VOL(k), k"INOE), (FLOU(k), k,1,NDE)

2 FOENAT(F8.4, 16E17.8)
3 FUIAT(XXF8.4, 30E13.5)

RETURN
END
DOUBLE PRECISION FUNCTION GTREG(DP)
DOUBLE PRECISION OP

C...
C... REGULATOR PASS FLOW VS OUTLET PRESSURE
C... BASED ON CURVE FIT
C...

IF(DP .GE. 0.00) THEN
GTREG a O.DO
RETURN

END IF
GTREG a DNAXI(1.D-1O,-1.78D-3 - 4.985D-•1DP 1.585-7'DP**2

* - 2.1360-10*DP**3)
IF(DP .LT. -3.502) GTREG a 5.0-3
RETURN
ENm
DOUBLE PRECISION FUNCTION POREG(Gt)
DOUBLE PRECISION Gt

C...
C... Regulator differential outlet pressure f(mass flow at outlet)
C... Units: Pa vs kg/sec
C..'.

POEG q "46.72D0 - 1.21904*Gt - 1.00907*Gt*Gt I Pascals
IF(Gt .LT. 0.00) PORES a O.0O
RETURN
END
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DOMLE PRECISION FUNCTION DPHOSE(Gt)
C
C... NMsk hose Resistance
C...

COUBLE PRECISION St
OPIOE a 1.1462D4eGt + 5.2506*Gt*Gt I detta-P hose vs volume flow

il&am
END
SAUROUTIKE ORIFLO(COORIF, AREA, PUP, POIN, TABS. QMWT,

* FLWWVOL, FLOINASS, PCRIT)
C
C Subroutine ORIFLO uses the compressible flow equations for an ideal
C gWe to compute the flow through an orifice given the upstream and
C downstremm conditions, the orifice area, and the gas parameters.
C
C
C PARAMETERS DESCRIPTION UNITS
C
C CD [m] The orifice discharge coefficient [UNITLESS]
C AREA [t] The area of the orifice cSQ METERS]
C TABS [m] The absolute temperature [DEG KELVIN]
C ON [a] The molecuLar weight of the gas CKG/KG-NOL]
C UKRI Ca] The adiabstic exponent ratio of specific
C heats of the gas (Cp/Cv) [UNITLESS]
C I1UNKV [a] Universal Gas Constant DIEiTON1IETERS/KGNOL/DEG KI
C
c VARIABLES
C
C PUP [a] Upstream absotute pressure [PASCALS]
C PDrn [a] Downstream absolute pressure [PASCALS)
C
CV "OUTPUT PARAMETERS
C
C FLOWiOL C=I Votumetric flow [CU METERS/SEC]
C FLOUWASS (a] Mass ftow [IG/SECI
C PCRIT [a] Critical downstream pressure for sonic flow. [PASCALS)
C
C-- -NOTE: If other units are desired, the universal gas constant
C
C 1IJV mant be changed to the correct value for the chosen units.
C

IMPLICIT DOUBLE PRECISION (A-H,O-Z)
DOIULE PRECISION KG, KPI, KPIOK. KOIO41 KOKP1
COMION /I/ PI, PO, VO, TO, U111IV, I Pi a 3.1412..., Std P,V,T& R

PA2NN,
* K;G, IPI, KOMI1, KPIOK, KOKPI,! K, K/(K-1), (K+I)/K, 1/K, 2/K, etc
* TWiOK, TIN(0(, TWOKPI I Adiabatic constant and
* llIOOKM1, ONEOK, I derived constants

* CD, I Orifice Discharge Coefficient
* TEODY, TAME, PANS, I Temperatures - Body & Ambient
* rNW, =1S, GASK, GASKS, I Gas parameters MW & Specif Heat ratios
* SAM, CNEGA, TINSP, FUN. I Breathing flow parameters
* 1T, TPAUSE, RA, VTIDAL, I Breathing flow parameters
* VFRCO, FRC, PPWBODY, I Initial, Current FRC, ppH2O Body
* AM(2), ANI(3), ANE(3), I Airway parameters
* VAO. VMAO, CINERT. DPAW,! Airway parameters
* !AW, OVL,
* PREGO, PREF, Gdotl, I Regulator Outlet Pressure

t9•JNSK, ANIV, AhEV, I Mask parameters
* QIV, OEV, I Mask valve flow indicators

VOLl, VOL2, VOL3, VOL4, I Volumes
* AWN, ADO, AWM, AWAr, I Atomic wts
* 5li2. 6602, GWICI2, Molecular wts
* 5MH20, GMIMIR, I U a
* FINSP(4), FEXP(4) IGas Fractions, O2,N2+Ar,CO2,H20
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COMM /1/ IP , IRELF
C
C PRESERVE THE CALLING CONSTANTS AND VARIABLES.
C
C
C THESE CONSTANTS O0 HOT CHANGE OURING A SINGLE CALL,
C BUT MAY CHANGE BETWEEN CALLS.
C

IF(PUP .90. PODlN .OR. PUP .LE. O.DO .OR. TABS .LE. 0.00 .Oi.
POWN .LE. O.DO .-O. AREA I.E. 0.00 .OR. GNUT .LE. 0.00) THEN

FLOWMASS a O.ODO
FLOWYOL a O.ODO
RETURN

END IF
VT a ORWT
PU x PUP
PD - POA
Pit a PS/PU
C a COORIF
A =AREA
T a TANS
ROAMu JUNIViWT I SPECIFIC GAS CONSTANT
FU D 1.DO I FORWARD FLOW FLAG
IF (PR .GT. 1.UDO) THEN

FiWD -FWD I REVERSE FLOW
PRt 1.000/PR I EXCHANGE PU & PO
PTUP a PU
PU DPD
PD a PTEMP

END IF
RNOU a PU/CR(GS"T) I UPSTREAM GAS DENSITY
PCRIT m TWOOKPl1*KOlt*PU I CRITICAL PRESSURE FOR SONIC FLOW

C
C*' IF DOINISTREM CONDITIONS < PCRIT USE SONIC EQUATIONS
C

99 FOUIAT(SX,5E20.6)
IF(PD .LT. PCRIT) THEN

C
C -- SONIC CONDITIONS APPLY IF PD < .OR. a PCRIT
C

FACT a 2.0DOlCINP1
ARG u PURIOU*FACT•T "OORWI00iM1
IFCARG .LT. 0.00) PAUSE 'INVALID ARGUMENT IN ORIFLOW'
FLOWMASS w FWD*C*ADSQGRT(ARG)
FLOWVOL s FLOWiASS/RHOU

ELSE
C
C -- ELSE USE THE SUBSONIC E•lATIONS
C

FACT a 2.000K010I
ST z OSGRT(T)
ARC a FACT/RGAS*(PRT**TOOK - PRt"KP1OK)
IF(ARG .LT. 0.00) PAUSE 'INVALID ARGUMENT IN ORIFLOWU
FLOWNASS FWDC*A/ST*PUDSORT(ARG)
FLOWVOi. • FLOWiASS/RHOU

END IF
RETURN
END
SUBROUTINE DICAN(IATOP,ALTPABS,TEMPK)

C
C MODIFIED 7/12/87 TO INCLUDE IMPROVEMENTS PROGRAMMED BY MR L. GILL OF
C MOOG CARLETON GROUP.
C
C DOUMLE PRECISION VERSION CREATED 12/1/93 FOR MASKMODEL
C
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C ICAN COMPUTES THE ASSOLIJTE PRESSURE FOR A GIVEN ALTITUDE
C (Olt VICE VERSA) lY ICAN STANDARD ATMOSPNERE MODEL(953).
C
C TO CONFUTE PRESSURE FROM ALTITUDE UET IATOP .66. 0
C TO COMPMT ALTITUDE FROM PRESSURE SET IATOP .LT. 0
C
C UNITS ON ALTITUDE RETURNED IN FEET.
C
C THE ASSOLUTE TEMPERATURE ESTIMATE FOR THE ALTITUDE IS
C RETURNED IN DES IMLVIN(TEIU).
C
C TNE MODEL 1s MOST ACCURATE DETWEEN -1,000 AND 100.000 FEET.
C

IMPLICIT DOUBLE PRECISION (A-N, 0-2)
INTEGER IATOP
x a5.25600
TC a6.50-3
TO M. 16D.40
SCALE w 1.00-5
IF(IATOP LT.. 0) GO TO 200
ALT a ALT/lOOO.DO

C
C CEKFOR TROPOPAUSE
C

IFCALT GT. 36.010) GO TO 150
C
C MODEL FOR 5ELOW TROPOPAUSE
C

TEMPK a TO - TC*ALT
PAUS a ((TO-1I.U012DO*ALT)/TO)**X.(2. 1528700ALT-8. 1655400)SCALE
GO TO 999

C
C MODEL FOR MOVE TROPOPAUSE
C

150 C a O.2&DO01O.OO**(C36.OU9DOO ALDT)A?.9968D0)
MPALT ALT. 50.00) B - C2.52DO*ALT -90.500)*SCALE
MFALT .6E. 50.D0) B a CO.228400*ALT + 21. M500)*SCALE

PASS *C. S
TEMU( 273.200 - 56.5D0
00 TO 999

C
C CWUWTE ALTITUDE FROM PRESSURE
C CHECK FOR TROPOPAUSE
C

200 IF(PAS Of1. .00100) GOTO 205
ALT a 170.00
GOTO 999

205 IF(PABS .LT. 0.223600) GO TO 250
C
C MOEL FOR BELOWE TROPOPAUSE
C

ALTOLD a TO/TC(1.D0 - PAaS*c1/X))/100.OO'3.2810O
210 ARG a (2.¶52S700*ALTOLD - 8.1655400)'SCALE

ALT a TO/1.981250(1.D00 - (PADSS ARG)'*(1.DOIX))
TEMPK a TO - TC*ALT
IF(MS(ALT - ALTOLD) .LT. 1.0-4) GO TO 999
ALTOLD a (ALT + ALTOLO)/2.0O
GO To 210

C
C MODEL FOR AIMY TROPOPALISE
C
C CMECIK FOR 50000 FEET OR ASIM.
C

250 ALlOLW a (CLOG1O(O.223600/PABS)*14.600 *11.OO)'3.281D0
260 3 a (2.S200ALTOLD 90.500)'SCALE
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IF(PAOS .LT. 0.11511600) a a (0.2GDOO*ALTOLD÷21.77500)SCALE
ALT a 36.00500 - 47.S98WOLOGlOCCPASS - 8)/0.22400)
T000K 273.230 - 56.500
IF(ABS(ALT - ALTOLD) .LT. 1.0-4) GO TO 999
ALTOID a (ALT * ALTOLD)/2.DO
G0 TO 260

999 ALT - ALT'100.DO
END

SUBIMUTIIE NILCAS(PABACFPASCAB,PMAX, WUNITS)
C
C DOUBLE PRECISION VERSION
C
C
C U.S NILSPEC CABIN PRESSURIZATION SCHEDULE AS DETAILED
C IN NIL-E-38453A (USAF) 2 DEC 1971.
C
C GIVEN ABSOLUTE PRESSURE OF AIRCRAFT NILCAB RETURNS
C THE CABIN ABSOLUTE PRESSURE OR VICE VERSA.
C TO COITE CABIN FRON ACFT SET INVERT .GE. 0.
C
C PRESISJE UNITS SET BY IUNITS
C SET IUNITS a 0 FOR PSIA
C SET IUINITS a 1 FOR NN NG
C
C PIAx a TNE NAXIIMU DIFFERENTIAL PRESSURE PRODUCED BY THE ECS
C
C
C

IMLICIT DOUBLE PRECISION WAH O-Z)
INT1E11 IUNITS
CWI a 51.7320
IF(|UNITS .va. 1) PANACF a PABACF/CPH4
IFCPPARAF .ST. 10.92D0) GO TO 110
s0 TO 120

110 PASCO a PASACF
go TO 999

120 1F(PANACF .LE. 10.91700 - PKAX) GO TO 130
PASCM a 10.91700
s010999

130 PASCAS w PASACF + PWA
999 IFUNITS AE. 1) RETURN

PASCO a PAIIT .CPTU
PAUACF a PA NOWCPC

MEND
DOM31E PRECISION FUNCTION PUFORA(PCH)

C
C COMPUTES PSSURfE IBREATHING FOR ALTITUDE AS A FUNCTION OF AMBIENT PRESS
C

IMPLICIT DOUBLE PRECISION (A-H, O-Z)
IF(PCN .GT. 0.200) THEN
PIFORA a 0.000
ELSE
PUFORA , ONAXI(O.O00,0.-094OO0.4900*PCH)
END IF
RETURN
END
DOUBLE PRECISION FUNCTION DVLCDPLUNG)

C
C COWUTES FUNCTIONAL RESIDUAL VOLUME AS FUNCTION
C OF DIFFERENTIAL BIREATHING PRESSURE
C

00DUBLE PRECISION OPLUNG
OWL * 2.2502D-7DPLUNG
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RETURN
Em
SUBROUTIMI PULFCN(TINE,PPIALT,WOOTE. P•AKQRESP,VLUNG)
IMPLICIT DOUBLE PRECISION (A-H, O-Z)
DOUILE PRECISION KG, KP1. IP1OK. KOIII, KOKP1
WISIM0/T/ T. XT, MITOP, MORUN

SN/3/ P1, PO, VO. TO, RUfIV. I P1 a 3.1412.... Std P,V,T& I
*PAMU.

* llK., 0P1, MOg1, KP1OK, KOKPi,1 K. KrICK-), (K+I)/K. 1/K, 2/K, etc
* 11100, I 10, TNDOKPI, I Adiabatic constant and

• TUOOIf, OIEOK, I derived constants
SCD, I Orifice Discharge Coefficient

• TUODY. TAME, PMI, I Taleratures - Body & Ambiant
ON 01013, GM, GAK ASKS. I Gas parameters 1Wi & Spacif Neat ratios
G AN, ONEGA, TINSP, F11, I Breathing flow parameters

* TA, TPAUSE, RR. VTIDAL, I Breathing flow peramters
* WCO, FEC, PPWODY, I Initial, Currant FRC, ppN20 Body
* M(2), ANIC), ANE(3), I Airway parmters
* VAO, VAO, CINERT, DPAW,! Airway parameters
• AWI, DVI.,

M PEOD, PREF, Gdoti, I Regulator Outlet Pressure
• WUUK, ANIV, AMEV, I Mask prameters
• IVY. GEV. I Mask valve flow indicators

SYVOLI, VOL., VOL3, VOL4, I Volua
* M D, AM, MAWr, I Atomic its
• 62a , am02. 6IM, I Molecumlar wts

• UaiN, MOIR, I a M
• FINSP(4). FEXP(4) IGas Fractions, 02.M2+Ar,C02,H20

C
UOFT(T,QNW) • UDSIN(CWT)
VLOFTCT..W) • UIOC1.ODO-DCS(WT))
YPRC(PD) a 2.00• 0. 1DOPPW760.DO
TWPI a 2.06P10

C
C PEAO FLOW a VOOTE•PI FOR A HALF WAVE RECTIFIED SIIiUSOIDAL
C DOIMD FLOW PATTOUN.
C

OPEAK a %0OTE*PI
C
C UE THE CURE FIT VTID TO ESTINATE TIDAL VOLUME FROM AVERAGE FLOW.
C TMEN DIVIDE BY VE TO GET TAV, THE AVERAGE TIME PER BREATHING CYCLE.
C

CALL VTIDL(VDOTE,VTIDAL)
TAV a VTIDAL/VOQTE

C
C CONFUTE RESPIRATION RATE FRON RESP RATE (BREATHS/TINE) u 1/TAV
C

33 a I.DO/TAV
C
C SCALE TINE FROM NINUTES TO SECONDS/CYCLE
C

TAV a TAV*60.DO
C
C COMPUTE THE AVERAGE RADIAN BREATHING FREQUENCY
C

CilUa a TIWOPI/TAV
GRESP = OFT(TINE.PEAK.OREGA)
VIUNG a VFIRC(PPIALT) # VLOFT(TINE.QPEAK.OMEGA)/60.OO
RETURN
END

C ...
C ...
C ...

SIANUTINE VTIDL(VE,VT)
C DOUBLE PRECISION VERSION
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C
C ESTIMATE TIDAL VOLUME FROM PULMONARY VENTILATION (V DOT E) ACCORDING TO
C A THE MODEL OF NEY ET AL. RESPIRATION PHYSIOLOGY (1966) V1,191-205.
C
C
C US NITYS MEAN MODEL PARAMETERS FOR NW AND N"K
C (14AR a 28 */- 2 [1/MINI AND K3AR a 0.31 4/. 0.08 CLITERS])
C

IMPLICIT DOUBLE PRECISION (A-H. O-Z)
DOUUE PRECISION MmAR*XRAR
MEAR a 25.00
UAR = 0.3100
VT a VE/MAR * AKIM
WTURN
END

C...
C ...
C ...

SUBROUJTINE FION(PA02,PACO2,Rt,PAI,F102,FIO3IX,PINSP,PAOXY)
C
C OoULIE PRECISION VERSION
C
C FICK EM|LOVS THE ALVEOLAR AIR EQUATION FOR STEADY STATE EXCHANGE
C TO CALCULATE THE MINIMUM FRACTION INSPIRED 02 0FI02) REQUIRED
C TO MAINTAIN PA02 GIVEN PACOZ, R, AND AISOLUTE PRESSURE(PA3).
C PRESSURES MUST ME IN m11 No. IF PRESSURE BREATHING IS REQUIRED
C F102 IS lET TO 1.0 AND TUE REQUIRED SAFETY PRESSURE IS RETURNED IN PINSP
C IN NNM(SIGIE). THE ESTIMATED ALVEOLAR OXYGEN PARTIAL PRESSURE WITHOUT
C SAFETY PRESSURE IS RETURNED IN PAOXY.
C

IMPLICIT DOUBLE PRECISION CAN, O-Z)
am a (1.D0 - t)/3
A a PA + PAGCOZ/R
I a PACOOMNNO * PAN - 47.00
FlR a A/R
PAW = PA-
PINSP a 0.0D0
IF(FIO2 .GE. 0.00 .AND. F102 .LE. FIO2MX) RETURN
IF(FIO2 .LT. 0.00) 00 TO 999
PC - 47.D0 - PACO2*ONROR + A/FIO2NX
PINUP * PC - PAR
FIf0 • FIO2SX
llEl - PAC020MR + PC - 47.DO
PAOKY a FI02XIXNEW - PAC•OR
RETURN

999 WRITE(*,2) FI2
Fl2 a 0.

2 FOUVAT(SX,'"ERROR IN FP1W, F102 • ',1PE12.3)
RETURN
END

C ...
C ...
C ...

SUBROUTINE bDO(PAO2MNNFRIOZ.FIO2MX.PABACFPABCAU,PSAFTI,
*PSAFTF,PACO2,R)

C
CC DOUBLE PRECISION VERSION

C RM COIWUTES MINIIUM FRACTION INSP 02 REQUIRED TO MAINTAIN
C 301 NO PA02 FOLLOWING DECOMPRESSION FROM PAlCAB TO PASACF.
C CORRECTION FOR SAFETY PRESSURE IS MADE. REQUIRES
C IURWITINE FI02(PAO2.PAC02.R,PARCAB, F02,FIOalX,PINSP,PAOXY)
C PEMSURS MST BE SUPPLIED IN NI O HG. PASACF, PANCAD & PAC02
C ARE A•SOLUTE PRESSURES, PSAFTI IS GAUGE PRESSURE(MASK LESS CABIN).
C BEFORE DECOMPRESSION PSAFTF IS SAFETY PRESSURE AFTER DECOMPRESSION.
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C
INPLICIT SOULE PRECISION CA-H, O-Z)
PLt a PACAB#l PSAFTI - 47.D0 1 mIg
PLF a•PAACF . PSAFTF - 47.DO I MOg
PA02 6 PU•PLI/PLF
CALL FION(PAO2.PAC2,RPA3CABIPSAFTIFRI02,FIZNX,PINSPPAOxY)
RETURN
END

C ...
C ...
C ...

SUBROUJTINE ALVPOZCf 102. PACOZ. R. PAS. PI NSP, PAOXY, EQVALT)
C
C DOWU.E PRECISION VERSION
C
C SUIROUTIVE ALVP02 EMPLOYS THE ALVEOLAR AIR EQUATION TO ESTIMATE
C THE STEADY STATE ALVEOLAR OXYGNM PARTIAL PRESSURE (PAWOY), THE
C CORRESPONDING ALVEOLAR CARBON DIOXIDE PARTIAL PRESSURE (PAC02)
C AND REUPIRATORY EXCHANGE RATIO, (C) GIVEN THE FRACTION INSPIRED
C OXYGEN 0FI0). THE ABSOLUTE AMBIENT PRESSURE (PAM) AMD THE LEVEL OF
C DIFFERENTIAL PRESSURE BREAT•ING (PINMP). THE SUBROUTINE ALSO
C CALCULATES THE ALTITUDE CEOVALT) AT WlHICH THE EQUIVALENT PAOXY IS
C PROUCED IF AIR IS BREATHED.
C
C
C

IMPLICIT DOUBLE PRECISION (A-N, O-Z)
100 SAWPO a PAWIY

SAVC02 a PAC02
M1t 0 (1.000 a tR)/R
PIMP a PM + PNUSP
PAW a FIOM2PAC02*MOR # PAIRSP - 47.00) - PACO2/R
IF(PAXY .LE. O.000) THEN
PAOXY - F12*'(PASRSP - 47) - PAC02
ELSE
PAC02 a 1.001(0.020700 + 0.47400/PAWlY)
EID IF
IF(PAOKY .LE. 25.D0) THEN

R a 1.05DO
ELSE

I a 5.DO00LOG(PACO2)-O.7SM3DO*ALOG(PACO2)**2.D0-6.926600
E.N IF

500 IF(ABS(SCAWO2 - PAOXY) .LE. O.01DO) THEN
GD TO 1000

ELSE
PAMO a (SAVPO'PNT0XY)/2.D0
PAC02 a (SAVCO24PACO2)/2.0O
GD TO 100

EID IF
1000 PAIRISP = (PAOXY . PACOZ/R)/0.209500 - PACO2*ONROR + 47.00

PAUSP a PABESP/759.900
CALL DICANC-1,EOVALT,PAIRSP,TENPK)
RETURN
END
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*DEC( RKF4S
UIIUMITINE RKF4S(F.NEGNY,T.TOUT,RELERR,ASSERR, IFLAG, WORK, IWORK)

C
C FENLSRtG FOUJTH-FIFTN ORDER RUNGE-KUTTA METHOD
C
C WRITTEN BY H.A.WATTS AND L.F.SIUAPINE
C SANDIA LABORATORIES
C ALBUlQUERIE.NE MEXICO
C
C IKF45 IS PRIMARILY DESIGNED TO SOLVE NON-STIFF AND MILDLY STIFF
C DIFFERENTIAL EQUATIONS WHEN DERIVATIVE EVALUATIONS ARE INEXPENSIVE.
C RKF45 SHOULD GENERALLY NOT BE USED WHEN THE USER IS DEMANDING
C HIGH ACCURACY.
C
C ABSTRACT
C
C SUBROUTINE RKF4S INTEGRATES A SYSTEM OF NEON FIRST ORDER
C ORDINARY DIFFERENTIAL EQUATIONS OF THE FORN
C DYCI)/DT a F(T,Y(%),Y(2),...,Y(NEQN))
C WHERE THE Y(I) ARE GIVEN AT T .
C TYPICALLY THE SUNRUTINE IS USED TO INTEGRATE FROM T TO TOUT BUT IT
C CAN R UED AS A ONE-STEP INTEGRATOR TO ADVANCE THE SOLUTION A
C SINGLE STEP IN THE DIRECTION OF TOUT. ON RETURN THE PARAMETERS IN
C THE CALL LIST ARE SET FOR CONTINUING THE INTEGRATION. THE USER HAS
C ONLY TO CALL RKF45 AGAIN (AND PERHAPS DEFINE A NEW VALUE FOR TOUT).
C ACTUALLY, RKF45 IS AN INTERFACING ROUTINE WHICH CALLS SUBROUTINE
C RKFS FOR THE SOLUTION. RKFS IN TURN ýAL-S SUBROUTINE FEHL WHICH
C COIPUTES AN APPRONIMATE SOLUTION OVER ONE STEP.
C
C RKF4S USES THE RUNIGE ITTA-FENLBRG (4,S) METHOD DESCRIBED
C IN THE REFERENCE
C E.FEHLBERG , LOU-ORDER CLASSICAL RUNGE-KUTTA FORNULAS WITH STEPSIZE
C CONTROL , NASA TR R-315
C
C THE PERFORIMACE OF RKF45 IS ILLUSTRATED IN THE REFERENCE
C L.F.SHAINIHE,H.A.MATTS,S.DAVEiPORT, SOLVING NON-STIFF ORDINARY
C DIFFERENTIAL EQUATIONS-THE STATE OF THE ART
C SANDIA LABORATORIES REPORT SANDTS-0182
C TO APPEAR IN SIAN REVIEW.
C
C
C THE PARAMETERS REPRESENT-
C F -- SUBROUTINE F(T,Y*YP) TO EVALUATE DERIVATIVES YP(I)=DY(I)/DT
C NEON "* IR1BER OF EQUATIONS TO BE INTEGRATED
C Y()- SOLUTION VECTOR AT T
C T -- INDEPENDENT VARIABLE
C TOUT -- OUTPUT POINT AT WHICH SOLUTION IS DESIRED
C RELERR,ABSERR -- RELATIVE AND ABSOLUTE ERROR TOLERANCES FOR LOCAL
C ERROR TEST. AT EACH STEP THE CODE REQUIRES THAT
C ABS(LOCAL ERROR) .LE. RELERR*ABS(Y) + ASSERR
C FOR EACH COMPONENT OF THE LOCAL ERROR AND SOLUTION VECTORS
C IFLAG -- INDICATOR FOR STATUS OF INTEGRATION
C WORK() -- ARRAY TO HOLD INFORMATION INTERNAL TO RKF45 WHICH IS
C NECESSARY FOR SUBSEQUENT CALLS. MUST BE DIMENSIONED
C AT LEAST 3+6iNEON
C IWORK() -- INTEGER ARRAY USED TO HOLD INFORMATION INTERNAL TO
C RKF45 WHICH IS NECESSARY FOR SUBSEQUENT CALLS. MUST BE
C DIMENSIONED AT LEAST 5
C
C
C FIRST CALL TO RKF45
C
C THE USER NOST PROVIDE STORAGE IN HIS CALLING PROGRAM FOR THE ARRAYS
C IN THE CALL LIST - Y(NEQN) , WORK(3+6eNEON) , IWORK(S) ,
C DECLARE F IN AN EXTERNAL STATEMENT, SUPPLY SUBROUTINE F(TY,YP) AND

439



Progrwn RKF45.FOR

C INITIALIZE THE FOLLOWING PARAMETERS-
C
C NEON -- U OF EQUATIONS TO SE INTEGRATED. (NEON .GE. 1)
C T(C) -- VECTOR OF INITIAL CONDITIONS
C T -- STARTING POINT OF INTEGRATION , MUST BE A VARIABLE
C TOUT -- OUTPUT POINT AT WHICH SOLUTION IS DESIRED.
C TNTOUT IS ALLOWED ON THE FIRST CALL ONLY, IN WHICH CASE
C IKF45 RETURNS WITH IFLAGS2 IF CONTINUATION IS POSSIBLE.
C RELERRABSERR -- RELATIVE AND ABSOLUTE LOCAL ERROR TOLERANCES
C WHICH MUST BE NON-NEGATIVE. RELERR NOST BE A VARIABLE WHILE
C ABSERR NAY BE A CONSTANT. THE CODE SHOULD NORMALLY NOT BE
C USED WITH RELATIVE ERROR CONTROL SMALLER THAN ABOUT I.E-8
C TO AVOID LIMITING PRECISION DIFFICULTIES THE CODE REQUIRES
"C RELERR TO BE LARGER TIAN AN INTERNALLY COMPUTED RELATIVE
C ERROR PARAMETER WHICH IS NACHINE DEPENDENT. IN PARTICULAR,
C PURE A"SOLUTE ERROR IS NOT PERMITTED. IF A SMALLER THAN
C ALLOiABLE VALUE OF RELERN IS ATTEMPTED, RKF45 INCREASES
C RELENR APPIRPRIATELY AND RETURNS CONTROL TO THE USER BEFORE
C CONTINUING THE INTEGRATION.
C IFLAB -- +1,-l INDICATOR TO INITIALIZE THE CODE FOR EACH NEW
C PROBLEM. NORMAL INPUT IS 01. THE USER SHOULD SET IFLAGI-1
C ONLY WHEN ONE-STEP INTEGRATOR CONTROL IS ESSENTIAL. IN THIS
C CASE, RIF45 ATTEMPTS TO ADVANCE THE SOLUTION A SINGLE STEP
C IN THE DIRECTION OF TOUT EACH TIME IT IS CALLED. SINCE THIS
C NODE OF OPERATION RESULTS IN EXTRA COMPUTING OVERHEAD, IT
C SHOULD E AVOIDED UNLESS NEEDED.
C
C
C OUTPUT FROM hKF45
C
C Y(-) -- SOLUTION AT T
C T -- LAST POINT RECHED IN INTEGRATION.
C IFLAG a 2 -- INTEGRATION REACHED TOUT. INDICATES SUCCESSFUL RETURN
C AND IS THE NORMAL NODE FOR CONTINUING INTEGRATION.
C u-2 "" A SINGLE SUCCESSFUL STEP IN THE DIRECTION OF TOUT
C HAS KEN TAKEN. NORMAL NODE FOR CONTINUING
C INTEGRATION ONE STEP AT A TIME.
C a 3 "" INTEGRATION WAS NOT COMPLETED BECAUSE RELATIVE ERROR
C TOLERANCE WAS TOO SMALL. RELERR HAS BEEN INCREASED
C APPROPRIATELY FOR CONTINUING.
C a 4 "" INTEGRATION WAS NOT COMPLETED BECAUSE MORE THAN
C 3000 DERIVATIVE EVALUATIONS WERE NEEDED. THIS
C IS APPROXINATELY 500 STEPS.
C a 5 -- INTEGRATION WAS NOT COMPLETED BECAUSE SOLUTION
C VANISHED MAKING A PURE RELATIVE ERROR TEST
C IMPOSSIBLE. MUST USE NON-ZERO ABSERR TO CONTINUE.
C USING THE ONE-STEP INTEGRATION NODE FOR ONE STEP
C IS A GOOD WAY TO PROCEED.
C , 6 -- INTEGRATION WAS NOT COMPLETED BECAUSE REQUESTED
C ACCURACY COULD NOT BE ACHIEVED USING SMALLEST
C ALLOWABLE STEPSIZE. USER MUJST INCREASE THE ERROR
C TOLERANCE BEFORE CONTINUED INTEGRATION CAN BE
C ATTEMPTED.
C * 7 - IT IS LIKELY THAT RKF45 IS INEFFICIENT FOR SOLVING
C THIS PROBLEM. TOO MUCH OUTPUT IS RESTRICTING THE
C NATURAL STEPSIZE CHOICE. USE THE ONE-STEP INTEGRATOR
C NODE.
C a -" INVALID INPUT PARAMETERS
C THIS INDICATOR OCCURS IF ANY OF THE FOLLOWING IS
C SATISFIED - NEON .LE. 0
C TaTOUT AND IFLAG .ME. +1 OR -1
C RELERR OR ABSERR .LT. 0.
C IFLAG .EQ. 0 OR .LT. -2 OR .GT. 8
C WORK(C),IWORK(C) -- INFORRATION WHICH IS USUALLY OF NO INTEREST
C TO THE USER BUT NECESSARY FOR SUBSEQUENT CALLS.
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C WORK(1),...,WCRK(CNEN) CONTAIN THE FIRST DERIVATIVES
C OF THE SOLUTION VECTOR Y AT T. WORK(NEOUi¶) CONTAINS
C THE STEPSIZE N TO BE ATTEMPTED ON THE NEXT STEP.
C IIORK(() CONTAINS THE DERIVATIVE EVALUATION COUNTER.
C
C
C SUBSEUJENT CALLS TO RKF45
C
C SUIMOITINE RIF45 RETURNS WITH ALL INFORMATION HEEDED TO CONTINUE
C THE INTEGRATION. IF THE INTEGRATION REACHED TOUT, THE USER NEED ONL
C DEFINE A NEW TOUT AND CALL RKF45 AGAIN. IN THE ONE-STEP INTEGRATOR
C NODE (IFLAGO-2) THE USER MUST KEEP IN MIND THAT EACH STEP TAKEN IS
C IN THE DIRECTION OF THE CURRENT TOUT. UPON REACHING TOUT (INDICATED
C BY CHANGING IFLAG TO 2),THE USER MAST THEN DEFINE A NEW TOUT AND
C RESET IFLAG TO -2 TO CONTINUE IN THE ONE-STEP INTEGRATOR MODE.
C
C IF THE INTEGRATION WAS NOT COMPLETED BUT THE USER STILL WANTS TO
C CONTINUE (IFLAGO3,4 CASES), HE JUST CALLS RKF45 AGAIN. WITH IFLAGs3
C THE RELERR PARAMETER HAS KEN ADJUSTED APPROPRIATELY FOR CONTINUING
C THE INTEGRATION. IN THE CASE OF IFLAGa THE FUNCTION COUNTER WILL
C SE RESET TO 0 AND ANOTHER 3000 FUNCTION EVALUATIONS ARE ALLOWED.
C
C NOWEVERJIN THE CASE IFLAGsS, THE USER MUST FIRST ALTER THE ERROR
C CRITERION TO USE A POSITIVE VALUE OF A3SERR BEFORE INTEGRATION CAN
C PROCEED. IF HE DOES NOTEXECUTION IS TERMINATED.
C
C ALSO.IN THE CASE IFLAG86, IT IS NECESSARY FOR THE USER TO RESET
C IFLAQ TO 2 (ON -2 WHEN THE ONE-STEP INTEGRATION MODE IS BEING USED)
C AS WELL AS INCREASING EITHER AISERR,RELERR OR B0TH BEFORE THE
C INTEGRATION CAN BE CONTINUED. IF THIS IS NOT DONE, EXECUTION WILL
C KE TERMINATED. THE OCCURRENCE OF IFLAG=6 INDICATES A TROUBLE SPOT
C (SOLUTION 1S CfAMNGZNG RAPDLYVSINGULARITY MAY RE PRESENT) AND IT
C OFTEN IS INADVISAILE TO CONTINUE.
C
C IF IFLAGQ? IS ENCOUNTERED, THE USER SHOULD USE THE ONE-STEP
C INTEGRATION NODE WITH THE STEPSIZE DETERMINED BY THE CODE OR
C CONSIDER SWITCHING TO THE ADAMS CODES DE/STEPINTRP. IF THE USER
C INSISTS UPON CONTINUING THE INTEGRATION WITH RKF45, HE mUST RESET
C IFLAG TO 2 BEFORE CALLING RKF45 AGAIN. OTHERWISE,EXECUTION WILL BE
C TERMINATED.
C
C IF IFLAG4 IS OBTAINED, INTEGRATION CAN NOT BE CONTINUED UNLESS
C THE INVALID INPUT PARAMETERS ARE CORRECTED.
C
C IT SHOULD BE NOTED THAT THE ARRAYS WORK,IWORK CONTAIN INFORMATION
C REWIRED FOR SUBSEQUENT INTEGRATION. ACCORDINGLY, WORK AND IWORK
C SHOULD NOT BE ALTERED.
C
C WORK - Dtminsoned for mx NEON a 500
C

INTEGER NEON, IFLAG, IWORK(5)
DOUBLE PRECISION Y(NEON),T,TOUT,RELERR,ABSERR.WORK(11000)

C IF COMPILER CHECKS SUBSCRIPTS, CHANGE WORK(l) TO WORK(3+6*HEQN)
C

EXTERNAL F
C

INTEGER K7,K2,K3,K4,K5,K6,KlM
C
C
C COMPUTE INDICES FOR THE SPLITTING OF THE WORK ARRAY
C

K1NNEON+I
K1=Kl14.1
K2=KI+NEQH
13,K2*NEoN
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Program RKF45.FOR

K4-4+NE•N
KS-O641*O

"uecS.NMEQlM
C
C THIS INTERFACING ROUTINE MERELY RELIEVES THE USER OF A LONG
C CALLING LIST VIA THE SPLITTING APART OF TWO WORKING STORAGE
C ARRAYS. IF THIS IS NOT COMPATIBLE WITH THE USERS COMPILER,
C HE MUST USE RKFS DIRECTLY.
C

CALL RKFS(F*NEQN,Y,TTOUT,RELERRfABSERRIFLAG.WORK(1),WRK(KIM),
SWORK(KI1 ),UWORK(K2),ORK(K3).WORKCK4) .WORK(K5),WORK(K6),

2 WORK(K6•1),IWGRKC(),IWORK(2),IWORK(3),IWORK(4).IWORK(5))
C

RETURN
END

SUBROUTINE RKFS(FNEON,YT,TOUTRELERR,ABSERR, I FLAG, YP, H, Fl, F2, F3,
I F4,FS,SAVRESAVAE,NFEKOP,INIT,JFLAG,KFLAG)

C
C FEHLBERG FOURTH-FIFTH ORDER RUNGE-IUTTA METHOD
C
C
C RMFS INTEGRATES A SYSTEM OF FIRST ORDER ORDINARY DIFFERENTIAL
C EQUATIONS AS DESCRIBED IN THE CSNIENTS FOR RKF45 .
C THE ARRAYS YP,FIF2.F3.F&,AND FS (OF DIMENSION AT LEAST NEON) AND
C THE VARIABLES H,SAVRE.SAVAENFEKOPINITJFLAG.AND KFLAG ARE USED
C INTERNALLY BY THE CODE AND APPEAR IN THE CALL LIST TO ELIMINATE
C LOCAL RETENTION OF VARIABLES BETWEN CALLS. ACCORDINGLY, THEY
C SHOILD NOT BE ALTERED. ITEMS OF POSSIBLE INTEREST ARE
C YP - DERIVATIVE OF SOLUTION VECTOR AT T
C N - AN APPROPRIATE STEPSIZE TO BE USED FOR THE NEXT STEP
C NFE- COUNTER ON THE NUMBER OF DERIVATIVE FUNCTION EVALUATIONS
C
C

LOGICAL HFAILD,OUTnJT
C

INTEGER EONIFLACG,NFE,KOP,INIT,JFLAG,KFLAG
DOUBLE PRECISION Y(NEON),T,TOUTRELERR,ABSERR,H,YP(CEQN),
I Ft(NEIN),F2(HEON),F3(NEON ).F(NEON),FS(NEQN).SAVRE,
2 SAVAE

C
EXTERNAL F

C
DOUBLE PRECISION A.AE.DT,EE,EEOET,ESTTOL,ET,HNIN,REMIN,RER,S,
I SCALETOL,TOLN,U26,EPSP1,EPS,YPIC

C
INTEGER KNAXNFEMFLAG

C
DOUBLE PRECISION DABS,DNAX1,DMINIDSIGN

C
C REMIN IS THE MINIMUM ACCEPTABLE VALUE OF RELERR. ATTEMPTS
C TO OBTAIN HIGHER ACCURACY WITH THIS SUBROUTINE ARE USUALLY
C VERY EXPENSIVE AND OFTEN UNSUCCESSFUL.
C

DATA RENIN/I.0D-12/
C
C
C THE EXPENSE IS CONTROLLED BY RESTRICTING THE NUMBER
C OF FUNCTION EVALUATIONS TO BE APPROXIMATELY NAXNFE.
C AS SET, THIS CORRESPONDS TO ABOUT 500 STEPS.
C

'DATA NAXNFE/200000O/
C
C
C CHECK INPUT PARAMETERS
C

442



Program RKF45.FOR

C
IF (NEON .LT. 1) GO TO 10
IF ((RELERR .LT. 0.000) .OR. (ABSERR .LT. O.OO)) GO TO 10
MFLAGAABS( I FLAG)
IF ((NFLAG .EQ. 0) .OR. (NFLAG .GT. 8)) GO TO 10
IF (MFLAG .ME. 1) GO TO 20

C
C FIRST CALL, COMPUTE MACHINE EPSILON
C

EPS a 1.000
5 EPS a EPS/2.000

EPSPl a EPS + 1.000
IF (EPSPI .GT. 1.000) GO TO S
U26 - 26.ODO*EPS
GO TO SO

C
C INVALID INPUT

110 IFLAG S
RETURN

C
C CHECK CONTINUA iON POSSIBILITIES
C

20 IF ((T .EO. TOUT) ,AND. (KFLAG .WE. 3)) GO TO 10
IF (CFLAG .ME. 2) GO 10 25

C
C IFL.4 a *L OR -2

IF (CKFLAG .EQ. 3) .OR. (INX* 0EQ. 0)) GO TO 45
IF (KFLAG .EQ. 4) GO TO 40
IF ((KFLAG .EQ. 5) .AND. (ASSERR .EQ. O.000)) GO TO 30
IF (CKFLAG .EO. 6) .AND. (RELERR .LE. SAVRE) .AND.

I (ABSERR .LE. SAVAE)) GO TO 30
GO TO 50

C
C IFLAG a 3,4,5,6,7 OR 8

25 IF (IFLAG .EQ. 3) GO TO 45
IF (IFLAG .EO. 4) GO TO 40
IF ((IFLAG .EQ. 5) .AND. (ABSERR .GT. 0.000)) GO TO 45

C
C INTEGRATION CANNOT BE CONTINUED SINCE USER DID NOT RESPOND TO
C THE INSTRUCTIONS PERTAINING TO IFLAG=5,6,7 OR 8

30 STOP
C
C RESET FUNCTION EVALUATION COUNTER

40 NFEzO
IF (MFLAG .EQ. 2) GO TO 50

C
C RESET FLAG VALUE FROM PREVIOUS CALL

45 I FLAGJFLAG
IF (KFLAG .EQ. 3) MFLAG=IABS(IFLAG)

C
C SAVE INPUT IFLAG AND SET CONTINUATION FLAG VALUE FOR SUBSEQUENT
C INPUT CHECKING.

50 JFLAGuIFLAG
KFLAGuO

C
C SAVE RELERR AND ABSERR FOR CHECKING INPUT ON SUBSEQUENT CALLS

SAVREuRELERR
SAVAEuABSERR

C
C RESTRICT RELATIVE ERROR TOLERANCE TO BE AT LEAST AS LARGE AS
C 2*EPS+REMIN TO AVOID LIMITING PRECISION DIFFICULTIES ARISING
C FROM IMPOSSIBLE ACCURACY REQUESTS
C

RER2. 00*EPS+REMI N
IF (RELERR .GE. RER) GO TO 55
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Progrnm RKF45.FOR

C
C RELATIVE ERROR TOLERANCE TOO SMALL

RELERRER
I FLAS3
KFLAG"3
RETURN

C
55 DTuTOUT-T

C
IF (NFLAG .EQ. 1) GO TO 60
IF CINIT .EQ. 0) GO TO 65
00 TO 80

C INITIALIZATION --
C SET INITIALIZATION COMPLETION INDICATOR, INIT

C SET INDICATOR FOR TOO MANY OUTPUT POINTSKOP

C EVALUATE INITIAL DERIVATIVES
C SET COUNTER FOR FUNCTION EVALUATIONS,NFE
C ESTIMATE STARTING STEPSIZE
C

60 INITNO
KOP-O

C
APT
CALL F(A,Y,YP)
NFE=l
IF (T .NE. TOUT) GO TO 65
IFLAGu2
RETURN

C
C

65 INITaI
"NuDABS(DT)
TOLNUO.
DO 70 K*INEQN

TOL=RELERRDOABS(Y(K) )+ASSERR
IF (TOL .LE. 0.) GO TO 70
TOLNTOL
YPK.OAMS(YP(K))
IF (YPKlN*5 .GT. TOL) Hu(TOL/YPK)*O*.2DO

70 CONTINUE
IF (TOLN .LE. O.ODO) HO.ODO
NaOMAXl(H,U26*DNAXl(DABS(T),DABS(DT)))
JFLAGBISIGN(2, I FLAG)

C
C
C SET STEPSIZE FOR INTEGRATION IN THE DIRECTION FROM T TO TOUT
C

80 NOSIGN(N,DT)
C
C TEST TO SEE IF RKF45 IS BEING SEVERELY IMPACTED BY TOO MANY

C OUTPUT POINTS
C

IF (DABS(H) .GE. 2.000*DABS(DT)) KOPwKOP+I
IF (KOP .ME. 100) GO TO 85

C
C UNNECESSARY FREQUENCY OF OUTPUT

KOPSO

I FLAG=7
RETURN

C
85 IF (DABS(DT) .GT. U26*DABS(T)) GO TO 95

C
C IF TOO CLOSE TO OUTPUT POINTEXTRAPOLATE AND RETURN
C
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Program RKF46.FOR

D0 90 K-1,NEON
90 Y(K)=Y(K)'OT*YP(K)

AuTOUT
CALL F(AY,YP)
NFENFE*l
GO TO 300

C
C
C INITIALIZE OUTPUT POINT INDICATOR
C

95 OUTPUTs FALSE.
C
C TO AVOID PREMATURE UNDERFLOW IN THE ERROR TOLERANCE FUNCTION,
C SCALE THE ERROR TOLERANCES
C

SCALEu2.ODO/RELERR
AEuSCALE*ABSERR

C
C
C STEP BY STEP INTEGRATION
C

100 HFAILDs .FALSE.
C
C SET SMALLEST ALLOWABLE STEPSIZE
C

HNINsUM26DABS(T)
C
C ADJUST STEPSIZE IF NECESSARY TO HIT THE OUTPUT POINT.
C LOOK AHEAD TWO STEPS TO AVOID DRASTIC CHANGES IN THE STEPSIZE AND
C THUS LESSEN THE IMPACT OF OUTPUT POINTS ON THE CODE.
C

OTNTOUT-T
IF (DABSCOT) .GE. 2.0DO*DAIS(H)) GO TO 200
IF (DABSCOT) .GT. DABS(H)) GO TO 150

C
C THE NEXT SUCCESSFUL STEP WILL COMPLETE THE INTEGRATION TO THE
C OUTPUT POINT
C

OUTPUT= .TRUE.
NOT
GO TO 200

C
150 H-O.SDO*DT

C
C
C
C CORE INTEGRATOR FOR TAKING A SINGLE STEP
C
C THE TOLERANCES HAVE BEEN SCALED TO AVOID PREMATURE UNOERFLOW IN
C COMPUTING THE ERROR TOLERANCE FUNCTION ET.
C TO AVOID PROBLEMS WITH ZERO CROSSINGS,RELATIVE ERROR IS MEASURED
C USING THE AVERAGE OF THE MAGNITUDES OF THE SOLUTION AT THE
C BEGINNING AND END OF A STEP.
C THE ERROR ESTIMATE FORMULA HAS BEEN GROUPED TO CONTROL LOSS OF
C SIGNIFICANCE.
C TO DISTINGUISH THE VARIOUS ARGUMENTS, H IS NOT PERMITTED
C TO BECOME SMALLER THAN 26 UNITS OF ROUNDOFF IN T.
C PRACTICAL LIMITS ON THE CHANGE IN THE STEPSIZE ARE ENFORCED TO
C SMOOTH THE STEPSIZE SELECTION PROCESS AND TO AVOID EXCESSIVE
C CHATTERING ON PROBLEMS HAVING DISCONTINUITIES.
C TO PREVENT UNNECESSARY FAILURES, THE CODE USES 9/10 THE STEPSIZE
C IT ESTIMATES WILL SUCCEED.
C AFTER A STEP FAILURE, THE STEPSIZE IS NOT ALLOWED TO INCREASE FOR
C THE NEXT ATTEMPTED STEP. THIS MAKES THE CODE MORE EFFICIENT ON
C PROBLEMS HAVING DISCONTINUITIES AND MORE EFFECTIVE IN GENERAL
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Program RKF45.FOR

C SINCE LOCAL EXTRAPOLATION IS KING USED AND EXTRA CAUTION SEEMS
C WARRANTED.
C
C
C TEST KINUER OF DERIVATIVE FUNCTION EVALUATIONS.
C IF OKAY,TRY TO ADVANCE THE INTEGRATION FROM T TO T-H
C

200 IF (NFE .LE. MAXNFE) GO TO 220
C
C TOO MUCH WORK

IFLAG"
KFLAGE4
RETURN

C
C ADVANCE AN APPROXIMATE SOLUTION OVER ONE STEP OF LENGTH H
C

220 CALL FEHL(FNEQN,YT.N.YP,F1,F2,F3.F4,FS,F1)
NFENFE+S

C
C CONPUTE AND TEST ALLOWABLE TOLERANCES VERSUS LOCAL ERROR ESTIMATES
C AND REMOVE SCALING OF TOLERANCES. NOTE THAT RELATIVE ERROR IS
C MEASUIED WITH RESPECT TO THE AVERAGE OF THE MAGNITUDES OF THE
C SOLUTION AT THE BEGINNING AND END OF THE STEP.
C

EEOET-O.ODo
DO 250 KwlNEQN

ETDAIS(Y(CK))+DABS(F1 (K))+AE
IF (ET oGT. 0.000) 00 TO 240

C
C INAPPROPRIATE ERROR TOLERANCE

IFLAG=
RETURN

C
240 EEDA5S((-2090.ODOYP(K).(21970.ODOOF3(K)- 15048.ODO*F4(K) ))+

1 (22528.W000F2(K)-27360.ODO0FS(K)))
250 EEOETNOMAXI(EEOET, EE/ET)

C
ESTTOLDA3S(CH)*EEOET*SCALE/752400.ODO

C
IF (ESTTOL .LE. 1.000) GO TO 260

C
C
C UNSUCCESSFUL STEP
C REDUCE THE STEPSIZE , TRY AGAIN
C THE DECREASE IS LIMITED TO A FACTOR OF 1/10
C

HFAILDs .TRUE.
OUTPUTs .FALSE.
SUO. 1DO
IF (ESTTOL .LT. 59049.000) S=0.9DO/ESTTOL**O.2DO
HuSSH
IF (DABSCH) .GT. HNIN) GO TO 200

C
C REQUESTED ERROR UNATTAINABLE AT SMALLEST ALLOWABLE STEPSIZE

IFLAG-6
KFLAGs6
RETURN

C
C
C SUCCESSFUL STEP
C STORE SOLUTION AT T+H
C AND EVALUATE DERIVATIVES THERE
C

260 TuT+H
DO 270 Kxl, NEQN
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Program RKCF45.FOIR

270 T(K)Wft(K)
ANT
CALL F(AY,YP)
NFENFE'1

C
C
C CHOOSE NEXT STEPSIZE
C THE INCREASE IS LIMITED TO A FACTOR OF 5
C IF STEP FAILURE HAS JUST OCCURRED, NEXT
C STEPSIZE IS NOT ALLOWED TO INCREASE
C

SS.000
IF (ESTTOL .GT. 1.889568D-4) S-O.9DO/ESTTOL**O.2DO
IF CNFAILD) S=DNINI(S,1.000)
HUOSISN(DNAX1CSDABS(H),hNIN) .H)

C
C END OF CORE INTEGRATOR
C
C
C SHOULD WE TAKE ANOTHER STEP
C

IF (OUTPUT) GO TO 300
IF (IFLAG .GT. 0) GO TO 100

C
C

C INTEGRATION SUCCESSFULLY COMPLETED
C
C ONE-STEP MODE

IFLAG"-2
RETURN

C
C INTERVAL NODE

300 T=TOUT
IFLAGw2
RETURN

C
END
SUBROUTINE FEHL(F,NEQNY,T,H,YP,F1,F2,F3,F4,FS,S)

C
C FENLBERO FOURTH-FIFTH ORDER RUNGE-KUTTA METHOD
C
C FENL INTEGRATES A SYSTEM OF NEON FIRST ORDER
C ORDINARY DIFFERENTIAL EQUATIONS OF THE FORM
C OY(I)/DTzF(T,Y(1),---,Y(NEQN))
C WHERE THE INITIAL VALUES YI) AND THE INITIAL DERIVATIVES
C YP(I) ARE SPECIFIED AT THE STARTING POINT T. FEHL ADVANCES
C THE SOLUTION OVER THE FIXED STEP H AND RETURNS
C THE FIFTH ORDER (SIXTH ORDER ACCURATE LOCALLY) SOLUTION
C APPROXIMATION AT T+* IN ARRAY SM).
C F,---,F5 ARE ARRAYS OF DIMENSION NEQN WHICH ARE NEEDED
C FOR INTERNAL STORAGE.
C THE FORUULAS HAVE BEEN GROUPED TO CONTROL LOSS OF SIGNIFICANCE.
C FEHL SHOULD BE CALLED WITH AN H NOT SMALLER THAN 13 UNITS OF
C ROUNDOFF IN T SO THAT THE VARIOUS INDEPENDENT ARGUMENTS CAN BE
C DISTINGUISHED.
C
C

INTEGER NEON
DOUBLE PRECISION Y(NEON),T,H,YP(NEON),Fl(NEQN),F2(NEQN),

1 F3(NEON),F4(NEON),FS(NEON),S(NEQN)

DOUBLE PRECISION CH
INTEGER K

C...
EXTERNAL F
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Pmormn RKF45.FOR

CNU-u4.Co0
00 Z21 K~ul,NEGN

221 PS(K)OY(K)+CNIYPCK)
CALL FCTs'CN*F5.Pi)

C
c~n3.0o~oN M obo
DO 222 Kul,UEQU

222 F5(K)-Y(K).CN(tPCK)*3.000P1 (K))

C CALL FCT*3.OSPII/8LO0OF5.F2)

Cu.Iu2197. 000
DO 223 Kul.NEQM

223 FS(K)aVCK).CNPC1932.ODO*YP(K),C7296.C0O*F2CK)-7200.ODO-F1CK)))

c CALL F(T*12.ODO-NI13.ODO.FS.F3)

DD 22 Kwl*NEaN
224 F5(K)uY(K)4CII'(C8341 .ODO*YP(K).845.000*F3CK))*

I CALCTNF,4 29440.ODO*F2CK)-32832.0O0*F1CK)))

C
CN=N/20520.ODO
DO 225 KaiNlEaN

225 F1(K)uY(K)+CNC((6080.ODP*YPCK).C9295.ODO*F3(K)-
I S61.3-0 W P4CK))).(41060.CDO*F1(K)-28352.0DO*F2(K)))
CALL F(T+N/2.ODO.FI ,FS)

C
C COMPUJTE APP*ONINATE SOLUTION AT T+N
C

CkNNIT618MB.ODO
00 230 K.1.NEON

230 S(K).YCK).CNF(C902130.CODFY(K).(3855735.ODO0p3(K)-
1 1371249.000P4(K.)).c(3953664.ODO*F2(K)*
2 277 0200*DF5(K)))

C
RETUltM

END
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Appendix C - 1
Tissue Model - Part 1

PROGRAM TUMFCM

C This progri calculates the Fractional Capacity of Lung perenchym
C for a given Premure - Fractional Voltm curve for a mechanical unit
c by adding the effects of teminat bronchi closing and opening.

DINISION (DF(100), FVtin(300), FVtex(300),SFVctb(100)

C CON= STATIMENTS FOR SUBROUTINE IOELCS
INTEREl IMP, OUT. PLT
INTEGER CRT, LUOUT, LUIN, LUPLT
CNARACTEIt* BEEP
r'14ARACTEIRMO ITITLE

4MAACTWR64t NAINP,NAOUT,NAPLT
CONIGN /DEVS/ LUTIR, LUIN, LUOUT, LUPLT
COSIGN /CUOSOI/ BEEP
C01IGN /LAUELS/ ITITLE, NAINP, MACUT, NAPLT

C SETUP THE OUTPUT FILE
ciT a 0
CALL IODECLS(O,1,0)

C CALCULATE THE EXHALATION P-FV CURVE FOR THE MECHANICAL UNIT

C Define the normt distribution of closing pressures
C

Poen a -0.8 IPmen is the men value of the closing pressures
SIGNA s 0.5 ISIWIA is the Standard Deviation of the distribution

C SIGIA a 0.8 for the inhalation distribution

C Define the FV curve for the mchanical unit when
C all Terminel Bronchi are open

Pero 8-5.O
Phatf a 5.0
ALPHA x .5/(Phtlf-Pzero)
BETA a (16*ALPHA'3)/27

C
C FVWA(P) a ALPHA*(P-Pzero) - BETAC(P-Phaltf)**3 for P>PhaLf
C FNJ(P) a ALPHA*(•t-Pzero) for P<Phalf
C
C Divide the FVA curve into NNAX-1 intervals of DPe width, the Pressue Range
C is 2.5SIGIA on each side of the mean closing pressure (P0).
C

Mimx a 21
Prange a 2*(2.5*SIGNA)
DPe a Prange/Nmax-1)

C The range is bounded by Pmxe and Paine.
C

Pmxe a Pasen Prenge/2
Paine a Paoea - Prange/2

C
C Define a variable CDF at the end of each interval,
C CDF a Camatative Distribution Function of the closing pressures.
C

WRITE(0,10)
10 FOINATC(

NBITECO,1)
1 FOWIAT(' N PcC CDF(N)')
2 FOUIAT(SX,14,4X,F6.2,4X,F6.3)
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Pee a Pmaxe
0O 100 N Nmu.I, -I
U a (ftc -Pinean) SIINA
CWFCN) a CERFCU) 4 W)2.0
IEITECO,2) N*Pcc*WDFCN)

100 Pec aPee- OPe
C

PALJSE'PAUSE AFTER THE CALCULATION OF THE COF'
C
C Calculate the F~tis in the region where Terminal Bronchi are closing
C

WRITE(0.3)
3 FONMAYC PRESS FTB OPEN FV~u N FVtex FVcpi SFVc

Xtb HvOWb)
4, FOURNATC2X.F6.2.2X,F6.2,7X,F6.3.3X. 12.2X,F6.3,2X.F6.3,2XF6.3.2X.

xF6.3)
C

OWhalfe a DPI/2 IHaif a pressure increment DPe
SFVctb(Nmx) a 0 !Swumed Fractional Vol of Closed Terminal, Bronchi

C
Nftxl a an - I
00 500 N - Nmx1*I.,-
P = Pmine4CN-1)'DPe+OPhaLfe IP a average pressure in the nth intervaL
FV*Aa a ALPNA*CP.Piero)
IFCP.GT.Phalf) THEN Mau z FV~u BETAC(P-Phalf)*'3

C
FVepi a ~VJCDFCN+¶) -CDFCN))IFractlonal vliums of gas that Closes

C during this Pressure Increment

SFVctb(N) a SFVctb(N+1) + FVcpitSmuwad Fractional Valiume of all acini
C with Closed Terminal. Bronchi
C

FVotb a FV~u * CDFCN) IFractianat Volume contribution of
C acini with Open Terminal. Bronchi
C

FyteiCH) a SFVctb(N) + FVotb lFractional Valiume of the Tissue
C
SOO WRITECO,4) P.CDF(N).FVmu,N,FVtex(N),FVcpi .SFVctbCN),FVotb

PAUSEF PAUSE AFTER OUTPUT OF THE F~tis curve whore TB are closed'
C
C Cooplete F~tex curve f or pressures where all terminal bronchi are open
C

No NOM
700 P-Ptinin *CN-¶)'OPe +OPhaLfe

FV~u a ALPHA*(P-Pzero)
IFCP.GT.Phalf) FVini z F~mu - BETA*(P.PhaLf)**3
FVtex(N) a FVmu
IFCP*Vu.GT.O.9999) GO TO 1000
N a N41
0O TO 700

C
1000 Mmexte a N 10+1 of W~e increments in the FVtex curve
C

J00
00 1200 Hal ,Imuxte
J M J,1
ZF(J.LT.10) 00 TO 1100
JWO
PAUSE 'PAUSE DURING PRINT'

1100 Ps Paine+ MDP& - OPhalfe
1200 WRITECO.9) N,PFVtexCN)
9 FORNATCSX,I3.5X,F6.2,5X,F6.3)

C
C Calculate the fnhatation FVtis curve (FVtin) for a VC inhalation.
C The inhalation curve for the mechanical, unit has the same shape
C as the exhalation curve
C and all. the Pes are increased by an equal aeoisit of hysteresis,
C W~hys. The opening sequence is taken to be the opposite of the
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Program TISSFCM.FOR

C cloaling seqe~nce; the first terminal bronchi to close are the tast
c to open.

SIGMA=0.8

DPhysx4.0
PieroofzerofOPhys
P9,aLfuPhatf+OPhys

Pranuem42(2.S*SIGNA)
DPlmPrsnge/CNaax-I)
Dptsifimopi/2.0
PomsziPmeantPrange/2
PoinimPmean-Prangel2

F~tlncI )mFVtexC1)

hRITE(0. 1450)
1450 POUGAT(i PRESS FTU OPEN FVmu N Fytin FVcpi SF~c

Xtb FVotb')

Do 1500 mN.2Nnax
P a Pmfni4CN-l)*DPi-OPhalf i IP *average pressure in the nth intervaL
FVmu a ALPNAC(P-Pzero)
IF(P.GT.Phalf) THEN F~a u aF~mu BETA*(P-Phatf)**3
SPVotboOF(N)*FVau ItSummd FV of a It open TB
FVtfn(N)=SFVotbo'SFVctb(N) Isummed FV aaf all open and closed TB

1500 IEITECO,4) P,CDFCN),FVau,NFVtifnCN),FVcpl ,SFVctb(N),SFVotb
PAUSE' Pause after output of Fytin curve where alit To have just

X opened'
C
C Comptete FVtin curve for pressures where ait Iterminal bronchi are open
C

No Nmx
1700 PoPoin *(N-1)*DPf +OPhaif I

VWa ALPHA*(P-Pzero)
IFCP.GT.Phatf) F~lmu a F~ssi - BETAC(P-Phaif)**3
fVtfn(N) a Fvma
IFCFVij.GT.0.9999) GO TO 1720
N x 11.1
00 TO 1700

C
1720 WAxti=N

PVtin(N~mxt )ul .0
Pmxti=P

C
Jag
Do 1800 Nu1,Nmaxti
J a +
IF(J.LT.10) GO TO 1750
JUG
PAUSE 'PAUSE OURING PRINT'

1750 Po Pmfin + N*DPi - PhaLfi
1800 WRITECOU9) NP*FVtfn(N)

C INTERPOLATE THE INHALATION CURVE TO SAME WNAX AS THE EXHALATION CURVE
CALL INTERPCPVtinNmaxti ,DPi ,Nmaxte,DPe)

C PRINT THE DATA TO AN OUTPUT FILE

I5 FORMAT C1X,14,3F9.Z)
16 FORMATC1X, F7.3, IX. F7.3)

PmintixPmini*0Ptialfe
Pmmm~tf ~mnt i+(Nmsxte- 1 )'OPe
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WRITE(LUOCUT.15) Ninxte.PmInti,PwmxtI ,OPhys

00 1900 Nu1.Ninxte
Pw Puini + N*DPo DPW%~f

1900 WNITE(LUGUT.16) P,FVtin(N)

00 2000 Nal~baxte
ps P.ins4 N~eP. OPhatfe

2000 WRITECLUOUT.16) PFVtox(N)
C

END
C_________________________________________

C THE ERROR FUNCTION
FUNCTION ERF(X)
IF(X.LT.0.)THEN

ERFo-0MCSW.,X**2)
ELSE

ERFNGAIUWC.5.X*-2)
END! F

END
C_________________________________________
C
C TNE GAMSMA FUNCTION

FUNCTION GAMUI(A,X)
IF(X.LT.0. .OR.A.LE.0.)PALISE
IF(X.LT.A+1 )TNEN
CALL OSEft(GAMSER.A,X.GLN)
GAISIPOAMSER

ELSE
CALL GCF(GAIUICFA,X.GLN)
GAMMU?. -GAIW4CF

END! F
RETURN
END

C_______________________________________
C

SUBROUTINE GSER(GAMSER,A 9X.GLN)
PARAMEITER (ITMAXsiD0. EPS=3.E-7)

G * QAISILUCA)
IF(X.LE.0.)THEN

IF(X.LT.O. )PAUSE
GANSER=O.
RETURN

END IF
APOA
SUMNI./A
DEL*SUN
00 11 N1*,ITMAX

DELmOEL*XIAP
SuNSUN'OEL
IF(A9S(DEL).LT.ABS(Sq)*EPS)GO TO 1

11 CONTINUE
PAUSE "A too torge, !T9IAX too smit'

I AMSER - SLUM!PC-X+A-LOGCX)-GLN)
RETURN
END

C______________________________________
C

JRNWTINE GCFCGAMMCF,A.X,GLN)
PAR AME TER (ITMAXU100.EPSu3.E-7)
GLNGAIULNCA)
GOLDOu.
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Proramn TMSFCM.FOR

A001.
Al=X
3o0..
Bie.1
FACul.
D00 31 mlITIMX

ANBFLOAT(M)
ANAwAN-A
AO(AI+AO*AUA)*FAC
BG-(31eS0ANA)'FAC
AMF.AFAC
Ai=X*AO+ANF*Al
*1=X*WOANF*t1
I FCAI .NE.O. )THEN

FACalJ.A1
Gu31'FAC
IFCABSCCG-GOLD)/G).LT.EPS)GO TO 1
GOLDG

END! F
11 CONTINUE

PAUSE 'A too Large, ITMAX too smiL'
I GCAMUCPEX(-X+*AALCGCX)-GLI)*G

RETURN
END

C_________________________________________
C

FUNCTION GAIULNCXX)
REAL-B COF(6.,STP.NALFaNE,FPF*X,TNPSER
DATA COF,STP/76.180017300, -86.5053203300,24.01409822D0,

-1*.23i73951600 .1208S8003D-2.- .536382D-5,2.5066282746500/
DATA HALF,ONE,FPF/0.500,1 .O0005.500/
XsXX-ONE
TMP=X+FPP
TWPCX*NALF)*LOGCTHP)-TNP
SERmONE
00 11 Jul,6

xwX4ONE
SER.SER+COFCJ)IX

11 CONINrUEa
GAULNaTWiPLOG(STP*SER)
RETURN
END

C_________________________________________
C

SUBROUTINE IODECLS(INP, OUT, PLT)
INTEGER IMP, OUT, PLT
CIIARACTERI1 BEEP
CNARACTER*80 ITITLE
CIIARACTER*64 NAINP,NAOUT,NAPLT
LOGICAL MEIST
~00S0W /DEVS/ LUTRN, LUIN, LUOUT, LUPLT
ChOMM /CURSOR/ BEEP
COMMSON /LABELS/ ITITLE, NAINP, NACUT, NAPLT
QUJOTE a DUD

LUTRN m0
LUIN a I
LUOUT z 2
LUPLT a 3

C
C TERMINAL: LOGICAL UNIT 0
C INPUT: LOGICAL UNIT I (DATA FILE)
C OUJTPUT: LOGICAL UNIT 2
C PLOT FILE: LOGICAL UNIT 3
C

MEIST w.FALSE.
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IF (IMP .ME. 0) THEN
WRITFCLUTRN,'(//,5X, I'ENTER INPUT FILE MN.''

5 READ(LUTMN,'C64)') MAIMP
INQUIRE(FILEwNAIMP.EXISTmIEXIST)
IF CIEXIST) THEN

OPENCLUIN.FILESNAINP.STATUSa'OW'I)
URITECLUTRN.'C//,5X."lINPUT FILE NMNE: 1',A64)') NAIMP

ELSE
WRITECLUTRN,.CSX.

11** FILE NMAN: '',A64,/,5X,Al,
"PNOT FOUND'')I) MAINPBEEP
WRITE(LUTRN,'C/,SX, I'ENTER A NEW FILE NMAE.''Y)'
DoTo S

END IF
END IF
MEIST a .FALSE.
IF (OUT .ME. 0) THEN

WRITECLUTRtN.'C/.5X."lEsUTER OUTPUT FILE NMNE.")')
10 READCLUTUI.'CA64)) MAWUT

I NQUIRE(FILEIUNAOUT,EXIST-IEXIST)
FIMEXIST) THEN
WRITE(LUTMK,IC5XU'** FILE MANE: '',A64,/,5X,AI,

" "'ALREADY EXISTS. DO YOU WISH TO OVERWRITE IT? (YN)''))
* NWJUT,EEP

READCLUTRP,'(A1)') ANlS
MFANS EQ. IV# .OR. MIS .EQ. 'y') THEN

OPEN(LUOUT, F ILEu*AOUT, IOSTATwIERR, STATUSarOLD I)
REWIND LUOUT

ELSE
WRITECLUTRN. 'C/,5X, I'ENTER A MEW FILE NMNE''),)
COTO 10

END IF
ELSE

OPEN(LUOUT,FJLEmNACUT, JOSTATuIENR,STATUSs'NEW')
END if
WRITMCUM, 'RN,'CII.',OUTPUT FILE NMNE: 11,A64)0) MAOUT
WRIT9(LUTRN,'C/,5X,''DO YOU WISH TO WRITE A TITLE LINE ON THE'',

"* OUTPUT FILE? (Y/N)"9)')
READCLUTRN,'CAI)') MIS
FMANS .EQ. 'Y' .OR. MIS .EQ. 'y') THEN

WRITE(LUTRK,'C/,5X, "ENTER A TITLE LINE.")')
READ(LUTRM,'CABO)') ITITLE
WRITE(LUOUT,'CA1,A80,Al)f) QUOTE,ITITLE,OUOTE

END IF
END IF

CFF
MEIST a .FALSE.
IF CPLT .ME. 0) THEN

WRITECLUTRN.'(/.SX,"lENTER OUTPUT PLOT FILE NAKE.'')')
15 READCLUTRN4,'C64)') NAPLT

INOUIRE(FILE-NAPLT,EXISTaIEXIST)
IF(EXIST) THEN
WRITECLUTRN,'C5X,''*** FILE NAME: '',A64,I.5X,Al,

"* "ALREADY EXISTS. 00 YOU WIJSH TO OVERWRITE IT? (YIN)'')')
* NAPLT,UEEP

READCLUTRM,'(Al)') MIS
MFANS .EQ. 'V' OR1. ANS .EQ. 'y') THEN
OPEM(LUPLT, F ILEMNAPL- IOSTAT I ERR, STATUSm IOLD'I)
REWIND LUPLT

ELSE
WRITE(LUTRN, '(/,5X,'"ENTER A NEW FILE MAME'')')
GOTO 1s

* END IF
ELSE

OPEMCLUPLT,FILEuNAPLT, IOSTAT.IERR.STATUS'INEW')
END IF
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WRITE(LUTRN,'(//,5X,.'PLOT FILE NAME: 'r,A64)1) NAPLT
END IF
RETURN
END

C -----------------------------------------------------------------------------
SUIROUTINE INTERP(Y,IKAX1 DX1,INAX2,DX2)

DINENSIONY(211), X1(211), X2(211), Y2(211)
DO 10 11 x 1,INAX1

X1(1¶) a (11 -1)*DXI
10 CONTINUE

DO 20 12 a 1,INAX2
X2(12) z (12-1)*DX2

20 CONTINUE
DO 30 12 v 1,JNAX2

11 x X2(12)/DX1 + OXI/2.0
11 a I1 +1
IF(I1 .EQ. 1) 11 a 2
IF(C1 .EQ. IMAXI) 11 a INAXI - 1
U ( CX2(I2) - XI(I1))/DX1
D1 * Y(I1I1) - Y(II-1)
D2 * Y(11+1) - 2.0*Y(I1) + Y(11-1)
Y2(I2) a Y(I1) + O.5*01*U + 0.5*0Z*U**Z

30 CONTINUE
DO 40 12 = 1,I1AX2

Y(12) * Y2(12)
40 CONTINUE

RETURN
END
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Appendix C - 2
Tissue Model - Part 2

PROGRAM REGPVCUR

C THIS PROGRAM DETERMINES THE REGIONAL P-V CURVES FOR THE REGIONS LOCATED
C AT DIFFERENT VERTICAL POSITIONS

DIMENSION VC4,200),VOC1O),ZQC1O),OVCIO),VGAS(IO),Ppar(2,201),
* P0511(20). PCGC'..2O0), RFC(4,200), Pst(2./.,200),DPGRAVOC1O)

casio A,3.NNAX,WISAXI,CNEOCV,DNSTT,IMAX, IMAXI, PSTMIN,
*PSTMAX, EBAR, VECI01), ZC101), Z1001l), ZO(lOI), SMASS(1O1),
*P(101),PO(1O1),DENS(101),E(2O1),CHECKP,DP,XMASS(O1),

*VETISC2OI),VMVC101),VLLUNGC3Oi),VEO(51).VETV(51),

*CVG3.F1C51),PNINTVE,XAZMAX,ZMAX,SACiO1),TSNASS(101),

*ILIMIAS(O1),N(101),PCAP(1O1),HRTPOS,HO,PSI,

*PART,K,ZMAX2,FC(2,201)

INTEGER R
INTEGER IMP, OUT, PLT
INTEGER CRT, LUOUT, LUIN, LUPLT
CHARACTER-1 DEEP, MNS, QUOTE
CNARACTER'8O ITITLE
CHARACTER-" MAIMP,NMOUT, NAPLT
LOGICAL 1EXIST
COMMON /DEVS/LUTRN, LUIN, LUOUT, LUIPIT
COI 0 /CURSOR/ DEEP
COMMON /LAaELSIITITLE,NAINP,NAOUJT,NAPLT

I FORMATCI2,2F8.2)
2 FOUIATC1X.*FCCJstatu%,I) ',1OF8.4)
3 FOUIATC6F20.3)
4 FORMATC1OX, 13,4F18.3)
5 FORNAT(SX. 14.2F10.3)
6 FORNATC1X,'PNIN PSTMAX DPHYS IN',3F8.3,13)
7 FORNATC'IPOS a ',13)
8 FORMATC' VOLUMIE INCREMENT a 1,13)

1101 FORMAT(3X,'K a ',13.3X,' LUNG VOL = 1,F9.2)
C
C ISTAT-1 IS A STATIC N2 UASHIN-UASNOUT
C ISTAT a 2 IS A STUDY OF THE STATIC VOLUME CHANGE OF FOUR
C REGIONS OF EQUAL MASS
C

ISTAT a2
C ISTAT a1
C
C VETISMI IS READ JN AS THE GAS FRACTION OF CAPACITY AND MUST BE
C CONVERTED TO THE VOLU14E EXPANSION OF THE TISSUE,BETIS(I).
C

CRT a0

C READ THE DATA FILE WITH THE PARENCHYMAL INHALATION AND EXHALATION
C P-FV CURVES THAT HAVE SEEN GENERATED IN PROGRAM4 TISSFCN. THESE
C CURVES INCLUDE THE AFFECTS OF TERMINAL BRONCHI CLOSING AND OPENING
C ON THE PARENCHYMAL ELASTIC CHARACTERISTICS.
C

CALL IODECLSC1, 0, 0)
15 FORMAT(IX, M,3F9.Z)
16 FORMATC1X,F7.3,1X,F7.3)

READ (LIN,15) IM,Pmin,Pstmsx,DPhys
C WRITECCRT,15) IM,Pmin,Pstimx,DPhys
C NOTE: Pstmin IS DEFINED IN SUBROUTINE VARYMNV

C PAUSE 'PAUSE DURING THE READING OF THE DATA,
C
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Program REGPVCUR.FOR

C JSTATUSN1 INDICATES THE INHALATION P-FV CURVE
C JSTATUsw2 INDICATES THE EXHALATION P-FV CURVE

C
Jstatusl
DO 18 NiliM

READCLUIN,16) "par(jitatusN),FC(JStatUS.H) lInhatation Ppor-FV curve

15 CONTINUE
C

Jatatus2
00 19 Mal, IN
READ(LUIN,16) Ppsr(JstltusN),FC(JStmtUSm,) IExhlataton Ppmr-FV curve

19 CONTINUE
C
C DO 40 Jstatuws1,2
C NC-O
C DO 40 mal.IN
C HCuNC÷I
C IF(MC.LT.22) COTO 40
C MC-O
C PAUSEOPAUSE TO LOOK AT Pper AND FC FROM TISPFVf

C 40 UWITECCRT,16) Pper(Jstatus,N),FC(JstltUSN)
C
C ANATOMICAL DEAD SPACE OIL]
C

A- 160.00
P32 0ADSP/2.0
PPOS2 AADSP/4.0
IMAX " 201
INAXI a IMAX - I

C
C EXPANSION INFORIATION
C

ALPHA - 0.20
ETA a 0.30

GAMSA a 0.50
C
C LUNG VOLUME, MASS AND GEOMETRY INFORMATION
C WHAX AND AM REFER TO THE VOLUME OF TISSUE AND GAS. RV, FRC

C AND TLC REFER TO MEASURED GAS VOLUMES.
C
C RESIDUAL VOLUM4E CMLI
C

RV 2000.0 INRA
C RiV 1890.00 IJCC
C RV a 1000.00 ITEST CASE
C
C FUNCTIONAL RESIDUAL CAPACITY CILI
C

FRC a 3810.00 INRA
C FRC z 3400.00 IJCC
C FRC - 2500.00 ITEST CASE
C
C TOTAL LUNG CAPACITY (MLI
C

TLC x 7600.00 INRA
C TLC a 6400.00 IjCC
C TLC a 4000.00 ITEST CASE
C
C CORRECT VOLUMES FOR ANATOMICAL DEAD SPACE
C

RV a RV - ADSP
"FRC a FtC - ADSP
TLC a TLC - ADSP

C
C GRAMS a MASS OF LUNG t OVERALL DENSITY * TOTAL LUNG CAPACITY;
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Program REGMVUR.FOR

C THE DENSITY AT TLC IS ASSUMED TO BE O.13333Wcc
C

GRAM4S a TLCO0.13333
C
C GET VOLUIES AND WEIGHT FOR ONE LUNG
C

GRAMS a GRANSI2.0
RV a V/2.O
FlC aFRC/2.O
TLC *TLC/2..0
VCzTLC-RV IVitat Capacity for a single lung
'JMAX a TLC + GRA1MS
Jutatusal lInh~aLation status
FCNIN a FCCistatus1l)

RAlY FONIINTLC + GRAM4S lAmount Minim. volume - sual lest air
c vol + tissuie vat outside chest.
C
C DENSITY P ASSIVOUIIE
C

DUSTY a GRAMS/AMy
C UNITE(O.3) DNSYYAMV.GRAMS
C PAUSE OPAUSE AFTER DNSTY*ANV AND GRAM4S ARE PUT ON THE SCREEN,

TC: a AMV/1250.
AD a 7.00*TC*'ALPHA
10 = 5.25*TC*uETA
CO a 1O.5*TC**GAW~A
THETA a 3.1416OAO*BO/CO**Z

C
C CALCULATE THE TISSUE PC-P RELATION FOR THE SUBJECT. THE TISSUE
C PCMIN IS BAuED ON THE RATIO mV/TIC
C

IPOR a 2
C UEITECCRT.7) IPOS
C PAUSE'PAUSE BEFORE YOU ENTER VRYNNV FOR THE FIRST TIME,

CALL VRYNNVCFCMIN,TLC.GRAMS,IN.AOV,Jstatus)
IPOS a 3

C WRITE(CRT.7) IPOS
C
C CALCULATION OF ZMAX FOR THE GIVEN SHAPE AND GAS AND TISSUE
C VOLLIME.
C
65 FORM4AT C22C,' ZMAXO a 1,F7.2)

Gi a 1.0
G2 - *C0*3.O
43 a 0.0
G4 a 3.0*ANV/TVETA
ZI a 20.0
CALL SOLVEZCG1 *G2,G3,G4,Z1 ,ZMAXO)
WRITE(CRT,65) ZNAXO

C PALISE'PAAJSE AFTER YOU WRITE ZMAXO'
C
C INFORMATION THE BREATH BEING ANALYZED
C

WRITECCRT,3) RV, FRC, TLC
C

VSTART aFCmin*TLC IVstart=Lung volume inhalation begins
VSTOP *FCminTLC I Vstop.Ltuag voliume exhalation ends
TIOVOLwTLC'C1.O-FCM1N) I TI~aL VOLume for this breath

C
C HEART AND BLOOD VOLUM4E INFORMATION
C

PART - 10.00
HRTPOS a 15.00
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Program REGPVUR.FOR

SAWGT a 300.00
No 0.000004n
Psi 0.000000219

C
C NJUMBR OF LUNG SECTIONS
C

mAXl * mX

Oz a DSX.OIIUAXt
C
C CONDITIONS WHNEN THE LUNG IS AT MINIMAJ VOLUME
C

ZICI) *0.0
ZC1) *0.0
Xm5SS~l) m 0.0
UIASS(1) * 0.0
USYCI) a 0.0
V10i) a 0.
JCOUNT8O
00 20 N a 2,10WX
JCOWITmJCOUNT*I

'41(N a 1.0
ZI(N) a CN-W)oz
VWIVN) a THETA *(CO *CZICN)**2 (ZICN-1))*2)
*CZICN)**3 ZICN-¶)**3)/3.0)

TINAS(N) a CUST * VNVCN)
SAMK SAPGT*TUIASR(N)

XNASS(S) *TUINISCI) + XNASS(M-l)
C HEITE(0,21)N.VNVCN),TSNMASN),SAQ4),XM4ASSCN)

IFCJCOUNT.LT.20) COTO 20
WIOUTNC

C PAUlSE# PAUSE TO LOOK AT N,VNV(N),TSMASS(N),SA(N).XMASSCN)I
20 CONTINUE
21 FOUPATZX, 15,4C2X, F8.3))

C URITECCRT,3) ANV, XNASS(NNMX)
C PAUSEOPAUSE AFTER '4KV PRINT OUT'

WEBIGHT a GRAMS/4.0 ITissase weight of a region in gms
RTLC a TLC/I..0 IRegionat gas yoking in cc

DO 25 L a 1, 4
V(L.I) a AMV/4.0

25 CONTINUE

C DETERMINE P OSM(J), 000 VALUES OF J DEFINE THE POSITION OF THE CG
C ON THE MATERIAL CORINATE SYSTEM, EVEN VALUES DEFINE THE LOWER
C SURFACE OF EACH REGION ON THE M4ATERIAL COORDINATE SYSTEM.
C

FRSIZE=. 125
Kai

ICOUNTu0

00 30 N x 2,NNAX
FRMASSOuFRNASS
FRNASS a XNASS(N)AMOASSCNNA)
IFCFUNASS.LT.K*FRSIZE) COTO 26
POSU(K).N-1*CK*FRSIZE-FRMASSO)/(FRNASS- FRN4ASSO)

26 CONTINUE
C LVITE(CRT.5) N-1, XMKASSCN) FRMASS

ICOUNTuICQUNTG1
*IF(IcCOUT.E.17) COTO 30
ICOLMETO

C PDAUSE'PAUSE TO LOOK AT THE MASS DISTRIRUTION'
30 CONTINUE
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Program REGPVUR.FOR

C PALUEIPMUSE TO LOOK AT THE MASS DISTRIBUTION,

POSUCO)s OJW + .000001

Kim P01110)
Us. P011(2)
13. P011(3)
K4x POSNC4)
K5= POlKS)
K6. P011(6

m7 POSU(7)
KOO POSN(S)

C
C CALCULATE THE DPORAV); TiHl PRESSURE DIFFERENCE BETWEEN THE REGIONAL
C Cg's AT THE MINMU#M VOLUME
C

DPURAVO(1 ) CPOSNC3)-POSM(1 ))*DZ*ONSTY
DPGA VO(2)* (POSUMS-P061C3)'DZOHSTY
DPORAVO(3)z CPOSc7)-POSN(5))*0Z'DHSTY

C
C DO 31 1.1,8
C 31 WRITE(CRT,5) K.POhU(K),DPGRAVOC1)
C 32 FOMAT(SX,816)
C PAJSEIPAISE AFTER TNE PRINTING OF THE POSN(K).DPGRAVO'
C
C ITERATION INFORMATION
C

CNllKV a 2.0
CNUCKP a 0.01
DPI a 0.5
P2 a 4.00

C
C CALCUILAN E NUMBWER OF VOLUME INCREMENTS CDWOL) FOR THIS BREATH.
C THE LAST ONE IS K End EXhalstion (KEEX). THE SIZE OF OVOL IS
C ESTIMATED THEN ADJUSTED SLIGHTLY So THAT IT FITS EVENLY INTO THE
C TIDAL VOLUME (TIDIVOL).
C

DIVLS4O.OO
KEI M luTIDVOL/DVOL I KEIHS-1
DVOLuTlOVOL/KEINSN1 I Recalculate DVOI.
KEINSmKEIUSNII I Catculate K End Inspiration
KIflNPUKEINS41 I KEINS41
KXuKEIM8.S((VSTART.TIDVOL)-VSTOP)/DVOL ICaLcuLate KEEX
KEE3561KEEX- 1
KE0012uKEEX-2
KEEXPI=KEEX.1

35 FOUIAT(4X,SFIO.2)
C IJRITE(0,35) YLLUINGO ),VSTART, GRAMS,T IDVOL,DVOL
C PAUSE'1PAUSE AFTER PRINTING VLLUNGC1),VSTART.GRANSTIDVOL,DVOLI

VLLUNGM1 a VITART + GRAMS

00 1020 K a 2.KEINS
1020 VLLUNG(K) a VLLWIGCK-1) + OVOL

DO 1025 KmKEINS;P1.KEEX
1025 VLLUMG(1 =VLLIJNGCK-1) -DVOL

DO 1050 L=1,4
1050 VO(L)sV(Ll)

C
C-1----------------- MAIN TIME 00 LOW -P-----------------------------
C

K-0
500 KmK~1
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IF(K.6T.KEE) 0010 500

WITITCCRT.1101) K,VLLWSS(K)
C PMMIUPMMJBE FOhE THE Ktb LUNG O LLUME CALC STARTS'

lUCK E.UINHIt) 9010 100
C
C CONVERT THE EXHALATION P-FV CURVE TO A P-YE CVotias Exp~asion) CURVE
C

90TO 2006
99CONTINE

istatuB*2
Pol nPP n-Dohy

CALL VE"WV(FCNZM* TLC, GRAWI, IN,AMV, Jstatus)

100 CONT iNUE
VO VLLUN(K)

VLWa 'eUAME

DmAX a 35KX0*Z
ZMAU w VAX+ 2.0
1WE 8 TNuTA*VLEXP-(ALPA* BETA - 2.0OGAIUA)

*V C m3

XAZNAX m TVWC2.0*CVG*ZNAX - M"x2)
C
C FIRST APPROR FOR 0035(H) AND ZCN) -USE THE VALUES FOR THE LUNG
C IN THE UNISENITED STATE - AS WEST STARTED HIS WUT.
C

IFCI .62. 1) THEN
00 110 N a 2,10W

O03(3) a ONSTY/VOLEIP
U(N) a ZE*ZICN)

110 CoNTIEm
ENID IF

00 120 9 a 2,NNMM
VEoCH) *VECN)
2OCm) * (N)

120 CONTINUE
VCALO a VCALC

C
C FOR THE GIVEN P2,DEM5,2 AND GEOMETRY CR'*2 w A*0 EBAR)*2/PI*Z,
C FIND THE VOLUN-VCALC
C
C PAU5EOPAUSE BEFORE THE FIRST CALL OPOG'

CALL 0 POOG(P2, VCALC)
C 13171(0,3) P2, VOL, VICALC

F2 a VOL - VCALC
IF(F2 .LT. 0.0) THEN

P3 a P2 -DPI
ELSE

P3 a P2 + DPI
END IF

130 Fl xF2
P1 a P2

P2 a P3
C PAIJSE'PAUSE BEFORE THE SECOND CALL DPDG'

CALL DPM (P2.VCALC)
F2 a VOL - VCALC

AF2 a A3SCF2)
IRITE(CRT,51) PI,P2,F1,F2.VOL,vCALC

51 FOMITC2X,6F9.2)
IF(AF2 .LT. CHECKY) GO TO 14.0

464



Program REGPVCUR.FOR

P3 a (PI*F2 -P2*F1)/CF2-F1)
G0 TO 130

140 CONTINUE

ICONTWO
101 FCUIAT(2X, I3,3Fl0.2)

DO 150 NlI,UIAX
C WEITE(0.1O1) U.PCN).VECM).WWV(N)

ICJNIT=ICaMT + I
IFCICOMXT.NE.1T) GO TO 150

C PNiEPAUSE TO CHECK N.PCM).VECN),VMVCN) DATA'
ICONTSO

ISO CONTINUE
C
C CALCULATE THE VOLUM AND THE STATIC RECOIL PRESSURE AT THE CG OF EACH
C OF THlE FUJE REGIONS IN THE DYNAMlIC MODEL
C
C
C REGION I

V(1,K) a 0.0
00 220 N *2.K2

V(1,K) *VC1.K) + VE(N)'WVC~N)
220 COlNTIWA

V(1,K) a VCI,K) .(POSNC2)-K2)'VE(K241)'WWV(K241)
PcCl(,K)= P(K1) * CPOSV(1).K1)*(P(KI+1)-PCKl))

C
C REGION 2

VC2.K) a CK2+1-POSIIC2))VECK2+1)VNVCK2+1)
D0 230 N u K2+2,K4

V(2,K) a V(2,K) + VECN)WVNCN)
230 CQNT RIlE

V(2,K) a V(2,K) * CPOSN(4)-K4)VECK4v1)*VNVCK4+1)
PcG(2,K)- P(K3) + 40sNC3)-K3)*CPCK3+1)-PCK3))

C
C REGION 3

V(3.K) - (K4.1-POSV(4))*VECK4+1 )'VNV(K4*1)
D0 240 N *K44'2,K6

V(3.K) *V(3,K) + VE(N)WIMV(N)
240 CONTINUE

VC3,K)aVC3,K)*CPOSNC6)-K6)*VECK64l) M (VK6+1)
PCG(3,K)w P(K5) * CPOSNCS)-KS)*CPCK5)-PCK5+1))

C
C REGION 4

V(4,K) a C16.1-POSU(6))*VECK61i)'VMVCK641)
DO 250 NmK6+2,WAX

V(4,K) a V(4,K) + VECN)*VNWCN)
250 CONTINUE

PCG(4,K)= P(K7) + (P0SNC7-K7)*CPCK7)-PCK7+1))

VOl.066 a VCALC - VCALO
C UNITE(O,4)
255 FORMATC2X,I3,5FI0.3)

DO 260 L a 1.4
VGASWL a VCL,K) - RWEIGHT
DVCL) a VCL,K) -VOWL
20(L) a DV(L)/VOLCNG
WITECCRT,255) L,VCL.K),PCGCL,K),VGASCL). DV(L) ZOCI)

260 CONTINUE

GAIVOL = 2.0*(VLLUNIG(K) - GRAMS) + ADSP
DO0265Lat,
VilEG 2.O*VGASC1) + P051.
VO(L )OV(L .K)

26 CONTINUE
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WTO 5000
C -----------------...... END TO TINE LOOP O P................... ---------
C

SoCONTIoNU~mE
C
C P1NT PROAM OUTPUT TO A NAMED DATA FILE FOR BY THE DYNmic
C MEltami fLou (0) PROGRAM (PRO DYNREGG). THE DATA WILL REPRESENT
C THE REGIONAL LUNG CHARACTERISTICS FOR A SPECIFIC SUBJECT.
C
C NAME THE OUTPUT FILE
C

CALL IODECLS(O, ,0)
C RECONSTRUCT RV.FRCTLC,ARV AMD GRAMS FOR THIS SUBJECT
C

PRCrFRCADSP
TLC*2TLC+AOSP

AMV-2*AXV

C
C WRITE THE RVFRCTLC,AI ADSP FOR THIS SUBJECT TO THE NAMED FILE

WRIETE(LUOUT,2005) RV, FRC, TLCADSP
C
C WRITE THE EXPANSION COEFFICIENTS, LUNG VOLUME(GAS AND TISSUE) AT
C MINIMUM VOLJhE AN THE TISSUE WEIGHT OF THE LUNGS.
C

WHITE(LUOUT,2005)ALPHA,UETA.AMV.GRAS
C
C WRITE OUT THE PRESSURE DIFFERENCES BETIWEEN THE CG's OF THE FOUR
C REGIONS WHEN THEY ARE AT MINIMUM VOLUME.
C

WHITE(LUOUT,2005) (DPGRAVO(M),1-1,3)
C
C WRITE OUT THE EXHALATION P-FV CURVE; FIRST DETERMINE THE REGIONAL Pot-
C FV RELATION AS A FUNCTION OF A CONSTANT DFC.THIS RELATIONSHIP WILL
C E INPUT INTO PRG DYONEGo.
C

2006 CONTINUE•MX50
JNA1,qA- 1

FCOI*1.0
DFCu(FCNAX-FCNIIM)/IJNAN

C

2001 FORMAT(SX,' REGION *',12)
2002 FOIAT(3X,215.4F10.2)
2003 FOIAT(13,3FlO.4)
2004 FOImAT(1OFS.4)
200S FOWT(SFIO.&)
2006 FORNAT3X. IS.4FI0.3)

C

INCREEINT=*
IF(JStatUS.Ea.2) INCREMEHTU"1
KJUEGul

IF(Jstatus.EO.2) KJBEGzICEEX
KJENDKEINS

IF(Jstatus.EO.2) KJENDuwEINS
C
C CONVERT THE REGIONAL GAS VOLUMES INTO REGIONAL GAS FRACTIONS (RFC)
C

00 2050 Rsl,4
WRITE(CRT,2001) R

* ICOUNT=O
00 2010 KJKJBEG,KJEND,INCREMENT
ICOUNTmICOUNT,1
RFC(R,KJ)n(V(RKJ)-RWHIGHT)/RTLC
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WHITI(CRT,2006) KJ, V(RKJ). 1FC(R,KJ). PCGCR,KJ), RTLC
IFCICOUNT.LT.20) GOTO 2010
P*AJUSEPALJSE TO LOOK AT KJI, V(RKJ). RFC(R,KJ), PCG(RKJ), RTLC'
ICOMmT=o

2010 CONTI"U
PAUUVIPAIJSE TO LOOK AT 1.1. VCRKJ), RFCCR,KJ), PCG(R,KJ), RTLC'

C
C DETERINE THE Pat AS A FUNICTION OF RFC IN INCREMENTS OF DFC.J IS
C THE VARIABLE FOR THE NEW Pat-PC DATA FOR PRG DYNREGO. KJ IS THE
C VARIABLE FOR THE REGIONAL Pcg-RFC DATA THAT REPRESENTS THE
c VOLUME INCREMENTS DURING THE INHALATION AND EXHALATION. THE
C CURVE INTERPOLATION STARTS AT FOGIN CJ%1)AMO INCREASES IN DFC
C INCREMENTS, SO THE INITIAL VALUE FOR KJ, KBEO,DEPENDS ON
C WHETHER IT IS FOR INHALATION OR EXHALATION.
C

Jul
KJGKJBEG
IWJMTSO

2020 ICOWIT=IC0JNT~1
FCJnFCNIN4(J- 1)'DFC
IF(J.EQ.1) G07T0 2035

2030 IP(RFC(R*KJ).GT.FCJ) COTO 2040
IFCKJ.EG.KJEN) GOTO 2060
KJNKJ*INCREMENT
GOTO 2030

2035 CONTINUE
C
C CALCULATE THE PIT FOR THE FIRST POINT ON THE PST CURV (Jul)
C

KJINKJ
KJ2uKJ+INCREM1ENT

2037 IFCRFC(R*KJ2).GT.RPFC(R.KJI)) COTO 2038
KJ~aKj1*INCR EMINT
KJ2KJZ4INCREMNT
GOTO 2037

203B U.(FCJ-RFCCRKJ1 ))/CRFCCR1KJ2)-RFCCR.KJI))
Pl(Jstatus.R.J).PcgR.KJ1).IP(PCCR.KJ2)-PCGCR*KJi))
WRITE~cRT.2002) J,KJ,FCJ,PatCJatatUaR,J),PCGCR,KJ),RFCCR.KJ)

KJuICJ2
JuJ.1
COTO 2020

2040 U-(FCJ-RFCCR,KJ-1))/CRFCCRKJ)-RFCCR,KJ-1))
MS(Jatatus*R,J)uPCg(R,KJ-1).4*PCPg(R,KJ)-Pcg(R,KJ-1))

WRITE(CRT,2DO2) JKJ,FCJ.PstCJstatus,R,J),PCGCRKJ),RFCCR,KJ)
IF(ICOIUNT.LT.22) COTO 2045

PAUSEVPAUSE TO SEE J,KJ,FCJ.Pst(JstatuaR,J),PCG(R,KJ),RFC(R*KJ)I
ICOUNTuO

2045 IFCJ.Ea.JNAX)GOTO 2048
J=J,1
SOTO 2020

2048 CONTINUE
PAUSEIPALISE TO SEE JKJFCJ.PstCJstatusRJ),PCG(RKJ).RFCCR1 KJ)I

2050 CONTINUE
IF(JSTATUS.EO.l) GOTO 99

C
C WRITE PIT DATA TO A NA14ED FILE FOR USE IN PROGRAM DYNREGO
C

URITE(LUOUT,2003) JKAX,FCMINFOEAX
DO 2100 R91,4
DO 2100 Jatatuaul,2

2100 WRITE(LUOUT,20O4)(Pat(Jstatua,R,J), Jzl.JMAX)
WRITECLUOUT,2003) INPuln,PatnmxDPhys
WHITE(LUOUT,2004)CFC(1,N),Nal.IM) l0riginal data fromt TISPV
WRITECLUOUT,2004)(FCC2,N),N=1*IM) !OriginaL data from TISPV
STOP
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END

U8AOTIUE OM(GP2IFVCALC)
C Subroutine catcutates the tissue pressures at the top of each section
c for the given density using the hydrostatic pressure equation

CONIGN AI,IUIAX,NlMAXi ,CNECKV,DNSTIJ INAX, INAXI . PSTNIN,
*PSliSKI SARL, VE0(10), Z0101). Z1001O), Z0C101). SMASSCIO1),
* P(101)*PO(1O1),DEM(101),E(201),CNECKP9 DP*XMASS(I01),

OVEY I SC201).VWV(10),VLLUNGC301).VW0C51). VTYCS1 ),
*CVin3*FICS1)*PNINIITVEXAZMA*AXSACl0l),TSKASS(101),
O UUAUSC 101),NWC 11),PCAP(IOI), NRTPOS,HNO, PhI,

* PARTKaIAXt2,FCC2,2O1)
10 PORMAT(3X*3F2.3)
C PAM#uPAIJEBE FOE THEl FIRST PCI) CALC IN OPOG8

P~i) a P2
00 20 N 0 2,10M

PCM) a P(I-i) - DENS(N)*CZCI) -ZCI-i))
C WRITEC0* 10) P(N),ZCN),DENSCN)
20 CONTINUE
C PAUSERPAUSE BEFOhE THE FIRST CALL CLCVL IN DPOG'

CALL CLCVL(VCALC)
25 00 30 N 2.INA

POCH) *PCM)
30 CONTIMM

C PDM)U'PPIdE BEFORE THE SECOND PCI) CALC IN DPDG'
00 401 N 2LNPAX
PCI) a PCI-i) - OENS(I)*C(I() - ZCI-1))

C UEITE(O,10) PCI),ZCN),DENSCN)
40 CONTINUE

C PAUSEPPASIESEEFORETHE SECOND CALL CLCVL'
CALL CLCVLCVCALC)
0 POCIAX) - PCIAX)
AG ANS(S)
IFAG .GT. CNECK) GO TO 25
RETUIN
END

C---------------------------------------------------------......
UDSUT IIE CLCVLCVCALC)
CM S 0N A,E*INAX,ISIAXl.C1ECICV,DNSTY. IMAX, IMAXI, PSTNIN,
OPSTMA, BDAR, VE0iOI), Z(101), ZI~lOl), Z00101), SNASSiO1).

* P(IOI).POCIO1),DEIS(IOi).E(2Oi),CHECKP,DP,XNASSC101),
"o VEzS(201).VWw(io),VLLUuoC301),VEO(51),VETvc51).
"* CVG3.F1C51).PUINTW.,XAZNAX.ZMAX.SA(I01),TSNASS(101),
"* IUIA*SCIO1).H(10i),PCAPC11O),HRTPOS. NOPSI,

* PARI,K,2NftX,FCC2,201)

VCALC a 0.0
0O 301 I a 2,NHAX

It = (PCI) - PSTNIII)OP + 1
IFCII ALT. 2) 00 TO 100
IFCII. GT. INAXI) GO TO 200
U s PCI) - (PSYNJI + 0PC(11-1))

WE(N) x VETISCII-i) + UC(VETISCII + 1) - VETISCII-1))/C2.'OP)
+ U**CVETISCII+1) - 2.O*VETISCIZ) + VETIS(1J-1))lDP**2

OD To 300
100 U a PCI) - PSTNIN

YEMl a VETISMI + U*C-1.5'VETISC1) + 2.0OVETISC2)
& 0.5*VETISC3))IDP

IFCP(U) .1E. PSTNIII) VECI) a VETISCI)
G0 To 300

200 U m PCI) - CPST14AX -OP) I P at IKAXl zPSTKAX-DP
* EMl a VETISCINAXI) + UCWVTISCINAX) - VETIS(INAX1))/DP

300 IF(VECN) ALT. 1.00) VECI) a 1.00
VCALC u CALC + VE(N)VNY(N)

301 CONTRIJE
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C
C CALCULATE THE BLOW OD LUME. BASED ON THE OLD Z POSITION,
C AND THE DENSITY, BASED ON THE BLOOD MASS AND THE TISSUE EXPANSION

99 FUN1AT(2X.I5,6C1XFS.2))
JcQUNTwO

VEMi * VEC2)
00 310 N a 2,NNAX

PALY x 0.0
IFCPCN) .LT. 0.0) PALV a -PCM)
PCAPCN) a PART * CZCN) + ZCN-1))/2.O - HRTPOS)
PTN PCAPCN) -PALV

N(N) a0 +O PSI*PTN
IF(PTN .LT. 0.0) NCN) a 0.0
UIASS(N a TSNASS(N) + BLNASSCN)

DENSCN) a SNASSCN)/(VMIVCM)CVE(N) + VECN-1))/2.O + BLNASSCM))
SUNESUN+VECN)WVCVN)

C WRITE(0,99) N,DEMSCN),SNMASN),VMVCM),VECM),TSNASSCN).SUiN
IF(JCCUNT.LT.20) GOTO 310

C PAUSEIPAUSE TO LOCK AT N.DENSSMASSVNV,VE,TSNASS,CALCVOLI
JCOIMTO0

310 CONTINUE

DO 400 N a 2,NNAX
C
C CALCULATE THE NEWI Z POSITIONS
C

IF CZCM-1) .GT. ZMAX2) Go TO 350
al a 1.0
02a CG

G3 a 0.0
21 - 20CM)

315 04 a CV03*ZCM-*1)2 - ZCM-1)'*3 + 3.0*SM4ASSCM)/CDEMSCM)*TVE)
320 CALL SOLVEZCGl.G2,G3.G4,Z1.ZCN))

IF(Z(N) .GT. 0.0) GO TO 400
Z1 a Z1 + 1.0
GO TO 320

350 2CM) a CM-i) + SNASSCM)/CDEMSCM)*XAZM4AX)
400 CONTINUE

00 500D N a2. MNAX
20CM) a (M)

500 CONTINUE
RETURN
END

C...........................................................------
SUBROUTINE VRYISVCFCMINTLC,GRANS.IM,AN4VJSTATUS)

COhhMON A,3,NNAX,NMAXI.CHEcCVDMSTYIMAX, IPIAXI, PSTNIN,
PITMAX. EBAR, VE0l0l), Z(101), Z1001I), Z0(101), SMASSC1O1),
* PC1O1),POCIOI).DEMSCIO1).EC201),CHECKPDPXMASS(10i),

*VETIS(201),UNVC101).VLLUMGC3O1),VEOC51).VETV(51),
*CVG3, FIC 51,PH IN, TVE, XZIAX, ZMAX, SA (101 ), TSMASS IO10)1
*BLNASSC(10O1)HC(10 1 ),PCAPC(11O),HRT POS.HNOPSI .

* PARTX*ZMAX2,FCC2,201)

INTEGER CRT, OFILE
COMMON /DEVS/ CRT, LUIM, OFILE, LUPLT

C
C DETERMINE THE PRESSURE AT WHICH THE VOLUME STARTS TO CHANGE
C PITMIN; AND CHANGE THE FC DATA TO VOLLIIE EXPANSION (VETIS) DATA
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3 FORNATCSX. 15.4FI2.4)
I. FOUMTCIOX,13.4F12.3)

DPC a(PSTMX - PNIN)/CIN-1)

IF(FCCJstatus,I) .GT. FC(Jstatus,1)) GO TO 6
0O TO S

6 PITNIN a P14IN + (1-2)*OPC
C RI TE(O.3) IN. PSTNIN, PHIN. PSTMAX,DPC
C PAUSE'PAJSE AFTER PRINTING OF IN,PSTNIW,PMIN,PSTNAX,OPC'

ILF a 1-2
IMF a IN -ILF
DO 7 1 a 1,IMF

IXF a I + ILF
FC(Jgtatus,!) - FC(JStatusIXF)

7CONTINUE
DP a (PSTMAX - PSTNIN)/IMAXI
FVCS a FCCJstatus,IN) -F04IN
FVCD a FC(Jstatus,IN) - FC(Jttatus*1)
SCALE a FVCS/FVCD
E(1) a FCNIN
DO 8 1 a2,INF

f(1) * (1-1) + SCALEC(FC(Jstatut,l) FC(Jetatus,1-1))
8CONTINUE
DO 9 1 a 1,1WF

FCCJatetu@,I) a E(1)
9 CONTINUE

DO 10 I a 1,1WF
VETJS(1 a CFC(Jstatus,1)'TLC *GRAMS)IANV

10 CONTINUE
C JCOUNTRO
C 00 151a 1,INF
C JCOMUTJCOINT+l
C PR a PSTNIN + (1-1)'DPC
C DENSC=GRANS/CFCCJstatus, I)*TLC4GRANS)
C IEITE(O.4) 1, PR, VETISCI, DENSC, FCCistatus,I)
C IF(JCCUNT.LT.20) GO TO 1S
C PNJSEl'PMJSE TO LOOK AT 1. PR, VETISCI) DENSC, FCCJstatus,I)'
C JCQUNTWO
15 CONTINUE
C PAUS 'PAUSE TO LOOK AT 1, PR, VETISCI, DENSC, FCCJstatus,1)'

CALL IUTERPCVETIS, INF,DPC, INAX,DP)
JCQUMT~o

C DO 20 aIu ,INAX
C JCOIIMTaJCOWIT.1
C PR a PSTMIN + (I-1)'DP
C DENSCOGRANSI(FCCJstatus, I)*TLC.G RAN S)
C 11ITEC0,4) 1, PR, VETISCI), DENSC, FC(Jstatus,I)
C IF(JCOIJNT.LT.2O) Go To 20
C PAIJSE'PNJSE TO LOOK AT 1, PR, VETIS(Jstatus,I), DENSC, FC(Jstatus,I)'
C JCOUNT.O
C 20 CONTINUE

RETURN
END

C---------------------------------------------------------------
JSUROUTINE INTERP(Y, IMUI ,DX , INAX2,DX2)

DIMENSIONYC211), X1C211), X2(211), Y2(211)
DO 10 11 a 1,INAXI

X1(I1) w (11 *1)*DXI
10 CONTINUE

Do 20 12 a 1INIAX2
X92(12) a C12-1)'0X2

20 CONTINU
DO 30 12 * ,INAX2
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11 z X2(12)/DXl + DX1/2.0
11 U11 +1
IF(CI .EQ. 1) 11 a 2
IF(I1 .EQ. IPAX1) [1 a INAX1 - I
U - (X2(t2) - XI(I1))/DX1
Di * Y(11+I) - Y(I1-1)
D2 * Y(I11) - 2.0Y(ll) + Y(I1-1)
Y2(12) a Y(C1) + 0.5*DI*U + 0.5*D1MU**2

30 CONTINUE
DO 40 12 a 1,IMAX2

Y(12) a Y2(12)
4,0 CONTINUE

RETURN
END

C-----------------------------------------------------------------
SUBROUTINE SOLVEZ(A.B,C,D,ZO.Z2)
Z2 - ZO

10 F a A*Z2*3 + .BZ2"2 + C*Z2 + D
AF a ABS(F)

IF(AF .GE. 0.05) THEN
FP a 2.0*A*Z2**2 + 2.038"Z2 C
Z2 a Z2 - F/FP
0O TO 10

END IF
RETURN
END
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Appendix C - 3
Ventilation Model

PROGRAM SBOOLUSD

DIMENhION DV(7).CUOLUSC3O).VN4AX(1O).CuOXreg~lO)
COMMON FLOWC601). VOLI1NOW), FC(15), RTLCC15). WLC(25),WC 25 ),

"* P1C2O1),VC7).AWdLCT.¶8a),N(7), ZOO). Z0¶), Rcv(7) Dvdt, OEFA,
"* AW(7T,l8),0(7),PstC2,7,151),PTNC7,30),DENSITY,VISCSTYVISK,
"* P(I5),DPRC15).RESC15),DPRL(15).0NAX(25),V0(15),JCOIUNT.UC?.

2 0),
"* VODI)KIxCMISDCFNN.PP(5.GNDL4X2
"* PEIODD.0T.TMAX.FOIA.DELVOL.FDNAX(201),XKM1C7),XK(7,25),
"* DPG(7. 16).RESCOHC7. 18).RESVISC7, 18). JINSIGN, JEXSIGU, FCFRC, TLC,
" DPpt.,umaxFCNI.JCYCLE,PTNUINPTIUKAX,VE,VNIINLUNG,WEIGHT,DPGRAV(7),

"+ FVtC2O1).IAxFCP1 *.wc*TXARCT,30),POISC7,30),FDN4AXOSLOPEO,
"* JSTADYNJQSTA1'ICDPGRAVOC7).OFCS,OFC2.ANOUT(

7).GI .jmxPTM,
"* NGNDP,MNGENPI,DK,QGC5).RMEIGNTClO),RVE(1O),RMI4NVOL(IO),QR(¶O)e
"+ OPV(7,30),DPCC7,30)

C
C COMMON STATEMENTS FOR IODECLS
C

INTEGER Al, A2
INTEGER CRT, LUOUT. LUIN, LUPLT
CNARACTER*1 SEEP
CNARACTEVSO ITITLE
CHARACTER-" NAIMP.NACUT.NAPLT
COMMH /DEVS/LUTRN. LUIN, LIJOUT. LIJPLT
COMMH /0.3901/ BEEP
COMMG /AA3ELS/ ITItTLE MAI NP, NAUT, NAPLT

C
1 FUNMATC4FO.3)
2 FOENATCSFIO.4, 110)
3 FORMAT(13F6.3)
4 FORNATCI3,2F10.4)
5 FOUIAT(13F6.2)
6 FORNATC1OE13.3)
7 FOUIATC415,FIO.2)
9 FOUIATC/Il0,3F15.3)
10 FORNATC4F25.5)
14, FORMATCZX,I10,7F14.5)
15 FORNAT(2110.8F12.4)
18 FOUITC2E15.3)
20 FOUIAT(' J1, 9X,'ZCJ)', 9X,' 0(J) ', 9X,1 y(J) 1, 9X,1 14 ,

+e9XA,1 PVC 1. 9X,1 FTV 1, 9X,' P(J ',8X,'DPRL(J)',7X,'RCF(J)')
21 FOUIATCI3,F15.3,2Fl5.2,5FI5.4,F13.4)
23 FORNATO(IN)
25 FOU'ATCI)
26 FOUIAT(10F8.1)
28 FONMAT(10F8.4)
29 FOUNAT(IX.9F8.4)
30 FORPAT(IX,I5,2F10.2)
31 FORPATCIX,14,F8.1,4FB.Z.4FB.1)
32 FORNAT(ZX,15,5F9.2)
33 FOUIAT(15,F6.1)
34 FORMATC5F1I.5)
35 FORMATCIOF8.1)

CRTz0
C
C DEFINE THE TYPE OF BREATH THAT WILL BE ANALYZED
C JSTADYN INHALATION EXHALATION
C 1 DYNAMIC DYNAMIC
C 2 STATIC STATIC
C 3 DYNAMIC STATIC
c 4 STATIC DYNAMIC
C
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JSTADYNw1
DVdtm2O IVoLums incremp per DT tim. step

C
C READ IN THE LUNG VOLUMES FOR THIS SUBJECT FROM THE DATA FILE CREATED
C IN REGPFCUR. ALPHA ANM BETA MRE EXPANSION COEFFICIENTS AND
C VNINLUNG IS THE MINIMUM4 VOLUME OF THE LUNGS (GAS AND PARECHYNA),
C AND WEIGHT IS THE TOTAL 14ASS OF (NE LUNGS.
C

CALL IODECLSC1,O.O)
READ(LUIN,2) RV,FRC,TLC,DEADSP
READCLUIN,Z) ALPHA,SETA,WEIGHT
R EAD (LUIN,2) CDPGRAVOCI),Iu4,6)

C
C READ IN THE LUNG FUNCTIONAL DATA.IT IS ASSLUMED TH4AT THE LUNG
C TISSUE HAS No HYSTERESIS AND ALL REGIONS HAVE THE SAME TISSUE
C CHARACTERISTICS. THE REGIONAIP P-V CURVES HAVE BEEN CALCULATED
C OUTSIDE THIS PROGRAM WITH THESE ASSUMPTIONS.
C

READCLUIN,4) lmxFCFCNIN,FCNAX
DO 4.0 Ju4.7
DO 40 Jetatus a 1,2

40 READCLUIN,28) CPstCJstatus,J,I),Iu¶,I~xFC)

DFC=(FC14AX-FOIIN)/(ImmxFC-1)
DFC2=2.0*DFC
DFCSoDFC**2
SLOPEw5.O/DFC
D0 41 Ju4,7
DO 41 Jstatusai.2

C ADD TWO0 LINEAR POINTS TO THE BEGINNING OF THE CURVE
DO 39 lalmxFC,1,-1

39 PstCJstatus,J,I*2)uPstCJstatus,J,I)
PstCJstetus.J ,2)uxstCJstatus J ,3)-SLOPE'DFC
Pst(Jstatua.J. 1)PstCJstetue.J,3)-2.0OSLOPE*DFC

C ADO TWO LINEAR POINTS ONTO THE END OF THE CURVE

PstCJstetua,J. ImaxFC+2)*PstCJstatus,J. ImmxFC+1 )+SLOPE*DFC
Pst(Jtetaus9J, ImxFC.3)uPstcJstatusJ, ImmXFC.1 ).2'SLOPE*DFC

41 PstCJstetuw,J.Im~xFC44)zPst(JstatusJ,lIuixFC+1)+3*SLOPE'DFC

lIuFC=IwxFC+4
Im~xFONIulmaxFC-1
lmmxFCP1=ImxFC+l

FOIINuFCNMI-Z.0ODFC
FCNAX=FOGAXe2.0'DFC

C
C READ IN THE EXHALATION PARENCHYM4AL P-FV RELATION
C FOR CALCULATING AIRWAY DIAM

READ(LUIN,4) J~mx,PTNI'4N,PTIS4A
READCLUIN,2B8XFVtCJ),Jzl,Jmmx)

C ADD HYSTERESIS TO MAKE P-FV CURVE AN INHALATION CURVE
C HYSTERESIS IN A VC BREATH IS 4.0cm H20

DPHYSz4.O
PTMMN1NPTISIN.OPHYS
PTHUaXPTIMqAePHYS

C WRITE(CRT,4) Jinx,PTNIUII,PTISIAX
C WRITE(CRT,28)(FVtCJ),Jzl,Jmax)
C PAUSE'PAUSE TO LOOK AT IMFVA*PTNISIN,PTHMAX AND FVt(I),I:1,IHFVA'
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JNN1.ujoax- I

C DEADSPACE=I6Occ TOTAL ANATOMICAL DEADSPACE
C EDSu25cc ANATOMICAL DEADSPACE WITHIN A REGION THAT REPRESENTS
C A QUARTER OF THE TOTAL LUNG MASS
C UAII)S-6cc ANATOMICAL DEADSPACE FOR THE UPPER AIRWAYS
C (MOUTN,TNROAT*TRACHEA)

DEADSPACE1l60.O
RDS=25 .0
UAWDS060.O

TLCTuTLC
FRCTmFRC
TLCmTLC-DEADSP
FRCmFRC-DEADSP
RVuRV-DEADSP
FCFRC=FRC/TLC
VNINLUKG=FOMIN*TLC+MWIGNT

C
C OPEN OUTPUT FILE
C

CALL IODECLSCO.1,O)
C
C INPUT DATA FOR WEISEL'S LUNG MODEL A FROM WEIBEL.DAT
C

N 1505
C OPEN INPUT FILE IWEISEL.DAT'

OPEN(N15,FILEs'WEIBEL.DAT')
NGEN=23 INumber of airway generations
READCNI5,1) VON ITotat gas you..
READ(NI5,3) CWLCN).Nul.23) fAirway tengths in cm
READCNIS,3) (IQCN),N=1,23) lAirway diameters in c
WTIRDIAM 1.8 ITrachee diameter in c

C READ IN THE BOLUS CONCENTRATION AT THE END OF THE TRACHEA
C THIS PROFILE WAS CALCULATED OUTSIDE THIS PROGRA14

OPEN(NI4,FILEs'CBOIUS.DATI)
READCNI4,33) Jwmx3DVbotus
READ(N14,34) (CCOLUSCjS),Jal ,jmxB)
jumUlajwmaxI.

C WEITECCRT,33) JmaxB,DVbotus
C WRITE(CRT.34) (CCOLUSCJS),J~s.,jmmxB)
C PAUSEOLOOK AT INPUT DATA'

C
C SUSSCRIBTS THAT DEFINE THE DIFFERENT AREAS OF THE LUNG MODEL
C SUBSCRIST 1 ENTIRE LUNG
C SUESCRISBT 2 - UNIT COMPOSED OF UPPER TWO REGIONS 1 and 2
C SUISCJIOT 3 - UNIT COMPOSED OF LOWER TWO REGIONS 3 and 4
C SUSSCRIST 4. - REGION 1
C SUISCRIST 5 - REGION 2
C SUSSCRIBT 6 - REGION 3
C SUISCRIST 7 - REGION I.
C

F(1)=1.O IF(I) IS THE LUNG MASS OF EACH AREA
F(2)*.5
F(3)z.5
FC4)u.25
FC5)z.25
F(6)=.25
FC7)*.25

C
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C INITIALIZE VARIABLES
C

DO 36 jai.?
AMOUNT(J)aO.O
NTLCCJ)aF(J)*TLC lResional TLC, doen not include the upper
RWIlGNT(J)nF(J)*WIGHT
RNINVOL(J)aFCJ)VNlINLUNG
RCVCJ)*.5

36 DPRLCJ)w.l

DPFGO.O
FDGRI.O
ISOLUSS1
C-O.0

C
C CHECK INPUT DATA
C
C WRITECCRT,1O) FRC.TLC
C PAUSE'PAAJSE TO LOOK AT FRCTLC
C WRITE(CRT,28) ( FCJ),J=1,7)
C PALISEIPAUSE TO LOOK AT F(J)
C WRITE(CRT,26) ( RTLCCJ),J=1,7)
C PAUSEIPAAJSE TO LOOK AT RTLC(J)
C WRITE(CRT,3) C(dLCN),Nm123)
C PAUSE'PAUSE TO LOOK AT Ut'
C WRITE(CRT.3) (WD(N).N=1.23)
C PAUSE'PAAJSE TO LOOK AT WD'

DO ". J-4,7
DO0 "Jstatusal*2
URITE(CRT,29) CPstCJstatus.J.I).Iz1,ImaxFC)
PAIUSE'PAISE TO LOOK AT PSTI

44 CONTINUE
C WRITE(CRT,29) CFVtCJ),Jw1.Jmax)
C PALISE'PAIJSE TO LOOK AT THE FVA'
C
C READ IN THE EXPERIMENTAL CONDITIONS

DENSITY =0.001121 toma/cm*'3
VISCSTY *O.0001914 1 gh/Csec~cm)
VISK=VISCSTY/DENSITY IKinmumic VIScosity (cm**2/sec)
GIal/960.2 ldynes/a't$'2=C1980.2)crmH2O
DOaGI*DENSITY/2
ODaOENSITY*O.85 10.85 experimenta( constant for cony acc
EXC=1.85 11.85 experimental, constant for vis Losses
COEFAmXCS5.659*VISCSTY ICOEFficient for Via Losses
NGENDP=16 1# of gen used in DP catc
NGENDPlnNGENDP4~1

C
C UEITE(CRT.6) VISCSTY.DENSITY.VISK
C PAUSE'PAUSE TO LOOK AT VISCSTY, DENSITY, VISK'
C

CALL FLWWA(KMAX,KEINS,VSTART)
VC1)u'START-OEADSP Igas Volume of area I at the start

C
C USE CONSTANT VOLUME INCREM4ENTS OF DVdt SIZE IF THIS [S A STATIC BREATH
C

IF(JSTADYN.NE.2) GOTO 49
bVLINMN)O.O
Do 47 K=2.KEINS

47 VOLINCK)nVOLINCK-¶)+DVdt
.KEINSPlwKEINS.1
DO 48 KuKEINSPI,KMAX.1

48 VOLIN(K)=VOLJN(K-1)-Dvdt
49 CONTINUE
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C
C WRITE(CRT.2) TIDVOL. DY. TmAX
C PAUSE'PAUSE TO LOOK AT TIOVOL, V(1) OT, TMAXI
C
C CALCULATE THE 14AXIMM LENGTH AND DIAMETER OF EACH GENERATION
C

SCALIEW(LCT/VON)"(143.) lThe Lineer seaking of VON to TLCT
TRCDNAXU'ATROIANISCALE IMaximý trachee dtamter
DO SO NOl.NGEN
XLMAX(N)&SCALE*WLCH) INaximuin airway lengths

SO DMAX(N)KSCALE'IC(N) l~aximum airway disasiters

C WRITE(CRT,3) CXLNAXCH).W1.NMGEH)
C PAUSEOPAAJSE TO LOOK AT CXLMAXCH).Hs¶.HGEN)'
C WRITE(CRT.3) (DNAX(N).NmI.NGEN)
C PDJJSEOPAISE TO LOOK AT (0MAX(H),Nul,NGEH)'
C
C CALCULATION OF OMEGA - XCMz2.O AT PSCMHN2O

181
S4 IFCPst(Jstatus,6,I).UE.S.0) GO To 56

1.1.1
00 TO S4

56 ONEGAm(PstCJst~ttu.6, 1.1 )-Pat( jstataj,6, I -1¶I)I(2. *DFC)
C WHITE(CRT.I) QWGA IHOTE OMEGA-19-O cm H20 CHECK!!I
C PAUSE'PAUSE TO LOOK AT OMEGA'
C

XK3-u2.474 12.474 cm NW 0(.21 wnd 3.22)
C
C CALCULATION OF O0/AX-PTM RELATION FOR POSITIVE PYM. THE
C AIRWAYS ARE ASSSUMED TO EXPAND UNIFORMLY WITH THE PARENCHYMA
C AND THE TRANSUIURAL PRESSURE IS EQUAL TO THE TRANSPULMOKARY PRESSURE.

DPptmm(PTIUAX-PTIUIIN)/(JNAX-1)
PTNLop=PTNNIN-DPHYS IUse the exhakation P-FVt curve

C DETERMINE AT WHAT J VALUE THE PTR BECOME P031TIVE
Jab

Se JaJ~l
" pa PTNtow4(J.¶)*DPpta
IFCPptm.LT.O.O) GOTO 58
Jstart=J- I
IF(Jstart.EQ.O) Jstartal
JmsxPTNmJPAX-(Jstart- 1)

JJ*o
00 60 JuJistart~Jmax
jjxjj41

60 FOhBAX(JJ)mFVt(J)**(l./3.)
WRITECCRT.29) CFONAX(J),Jxl,JmsxPTM)
PA1JSEOPAUSE TO LOOK AT FDNAX(j),Jzl,JusaxPTH'

C CALCULATE PARAMETERS HEEDED FOR THE TUBE LAW (NEGATIVE PYM's)
FDNIAXO=FDWA( 1)
SLOPEOsOPptiV(FDNAX(2)-FDNAX( 1))

CHECKP=.OO1 lPressure error in iteration, cusH2o
DPHYSZO.OO I~ysteresis f or a VC breath

C
C CALCULATE THE REGIONAL VOLUMES, TRANSWJURA L PRESSURES
C AND AIRWAY DIAMETERS BEFORE THE BREATH STARTS.
C

VELUNGmCVC1).WEIGHT)/VMNHLUHG
FCLUNG=VC 1)/TLC

C WRITE~CRT,29) V(1).WIGHT.VMNJLUNG,TLC
C PALISE'PAUSE TO LOOK AT V(1),WEIGHT,VNINLUNG,TLC'
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00 63 J4.6
63 ODPAV(J )UOPNAVO( J)/VELUI ( ALPNA6ETA )

C WRITE(CRT.6)V(1),UEIGNT.VNINLUNG,FCLUNG,(DPGRAV(J),Jo4,6)
C PAUSE' PAUSE; V(1),WEIGNT,VNINLtlGFCLUNG,DPGRAV(J),Jz4,6 '

Kta ICKl IS THE LUNG VOLUME AT STRART OF BREATH, TINEwO
TUO.O ITINE ZERO IS THE START OF THE BREATH

C
Jstatusul I ! nhrat ion
Iprintal
CALL STATVOL(FC tw,Jstatus)
CALL TRAIIRCOIEGADPFG)
CALL AIMIAY(TRMCDNXTRCDIAN)

C
C................-............................................. ....-....- -
C CALCULATIONS OF THE REGIONAL FLOWS AT EACH OT TIME INCREMENT
C INITIALIZE PARANETERS
C

JCYCLEm1 IJCYCLE.1 IS INHALATION, *-I IS EXHALATION
JINSIGNaI
JEXSIG" 1s-

C Z DEFINES THE AMOUNT OF FLOW GOING TO EACH OF THE AREAS OF THE MODEL
C

ZCl)=l.0 QZ defines the fraction of flow going to
Z(2)uO.S I a region, Z(Megion)
Z(3)mO.5
Z(4)-O.25
Z(5)s.25
Z(6)s.25
Z(C)u.25

C PAUSE 'PAUSE AFTER THE ZS ARE DEFINED'
C
C AT T a 0 THE OiSTEN IS IN ELASTIC EQUILIBRIUM.
C THE DIFFERENCES IN QU AND OL IN EACH SET IS DUE TO
C THE DIFFERENT AIRWAY RESISTANCES
C

Kai Kul IS THE INITIAL TIME STEP (TINE=O)
TSO.O ITINE ZERO IS THE START OF THE BREATH

iRITE(LUOUT,31)K,V(1), (P(J),J.I,7), (V(J),J=4,7)
URITECLUOUT, 2499)

C-----------------------------------------------------------------
1000 TuT+OT

IF(K.GT.KMAX) GOTO 5000
DO 1002 Jul,?

1002 VO(J)u V(J)
IF(K.LT.257) GOTO 1003
KKKxI

1003 CONTIMUE
Q(1)uFLOU(K) I 0(1) IS FLOW IN THE TRACHEA-TOTAL FLOW
AQABS(O( 1))
DELVOLVOLIN(K)-VOLIN(K-1)
V(1)=V(C1)+ELVOL

URITE(CRT,32) K,0(1)oDELVOL,V(1)

C PAUSE'PAUSE TO SEE K,0(1),DELVOL AND V(1) FOR THE NEXT TIME STEP'
C
C CALCULATE THE VOLUME EXPANSION OF THE LUNG AND THE FOUR REGIONS
C AND THE GRAVITATIONAL EFFECT ON THE REGIONAL PARENCHYMAL PRESSURES
C

VEC(V(1 )44+EIGHT)/VMINLUNG
DO 1005 R"4,6
VEXP-(RVE(R)4RVE(R+1))/2.0

1005 OPGRAV(R)U0PGRAVO(R)/VEXP**(ALPHA÷BETA)
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C ERITE(CRT.29) (DPGRAV(R),R•4,6)
C PAUSEPAPJSE TO LOOK AT THE DPRGAV(R).R",6'

IF (K.EQ.KEINS) GO TO 3000
1006 CONTINUE I return after setting exhalation values

IF(JSTAAYN.EQ.2) GO TO 1010
C WlITE(CRT,14) K.Q(1),OELVOL
C PAUSE'PALSE TO LOOK AT K. 0(1), DELVOLI

IF(AG.LT.5O.O) GO TO 1010
GO TO 1060

1010 JQSTATICw2
C
C JQSTATICu2 INDICATES IUASISTATIC FLOW,FLOWS < 50 cc/sec.
C WSE STATVOL TO CALCULATE THE FLOW RATES
C

OELVOLAUS(OELVOL)
FCLNGwV( 1 )/TLC
CALL STATVOL(FCLung,Jstatu%)
DO 1020 J-2,7
DPRL(J)%0.O

1020 RCVCJ),O.O
GO TO 1405

1040 CONTINUE
JaSTATIC=1

C
C JaSTATIC=l INDICATES DYNAMIC FLOW (FLOWS • 50 cc/sec).
C
C TO DETERMINE THE REGIONAL FLOWS ITERATE ABOUT THE FLOW TO
C AREA 2 (0(2)). NEED TWO GUESSES FOR W(2) TO GET THE ITERATION
C STARTED. THE FIRST GUESS 01 IS BASED ON THE FLOWS AT THE
C PREVIOUS TIME STEP. 02 AND 03 ARE THE LATEST GUESSES FOR Q(2).
C THE ITERATION FUNCTION F IS THE ERROR WHEN THE PRESSURES IN EQ.
C 3.32 ARE NOT PROPERLY BALANCED. ONCE THE ERROR IS BELOW CHECKP
C THE ITERATION IS STOPPED.
C

02xZ(2)*9(1) I first quess for 0(2)
IG(2)Q.2 I define aG(2) end QGC3) for use in

aG(3)s41()-aG(2) I REGVOL
C WRITE(CRT,29) Z(2),Q0(1),02
C PAUSEPAUSE TO LOOK AT Z(2),Q(1),Q2 IN MAIN'
C

AI=4 Ibegiming Area for PRESSLS calculations
A2u7 lend Area for PRESSLS calculations
LSIT=I ILSiTuatlon =1, 1st time enter PRESSLS in KZ time step
CALL PRESSLS(AI,A2,LSIT,Q2)
CALL REGFLOW(CHECKP)

C
C LSIT z2 FOR ALL OTHER ENTRIES INTO PRESSLS
C
C OPRL IS THE PRESSURE DROP FROM THE ALVEOLI IN THE ITH
C POSITION OF THE TRACHEA
C THE FUNCTION USED IN THE ITERATION IS THE ERROR WHEN THE
C PRESSURES BETIEEN AREAS 2 ANM 4 ARE NOT BALANCED.
C

IWUESSal
DPRL(5)nOPRC(5)+OPG(2,2)
DPRLC7)=OPRC(7)*PC(3,2)
G=P(S)-P(7)-(DPORAV(S)+OPGRAV(6))
FZG+(DPRL(7)-DPRL(5))
AF2A=OS(F2)
IF(K.LT.71) GOTO 1290

C IhRWTE(LUOUT,7) K,LSIT
C NIITE(LUOUT,32) IGUESS,F2.DPRL(S),DPRL(7),DPG(2,2),DPG(3.2)

1290 CONTINUE
C IRITE(CRT,29) GP(S),P(7),DPGRAV(5),DPGRAV(6),DPRL(5),DPRL(7)
C PXMSE'PAUSE TO LOOK AT G,P(5),P(7),DPGRAV(5),DPGRAV(6),DPRL(5)
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C 4 OPEtL(7). READY TO GET SECOND GMASS FOR Q(2) IN MAIN,
030az Ikftine 03 in Case AF2.LT.CNECKP
IF(AF2.LT.C1IECICP) G0 TO 1400

c SECOND GUESS
IF(F2.Gt.O.O) 03.1 .02*2
IF(F2.LT.O.0) 030.98*02

C
1300 FIuFZ

uWNW
02w03
IGUESS0QUESS01

C
d0(2)=Wt Ide fIne 06(2) wid 00(3) for use in REGVOI. c&Lc
06C3)uQ(1 )-06(2)

C WRITE(CWT.29) GZ*06(31
C PAUSEPAUSE TO LOOK AT THE NEXT GUESS FOR Q2 AND Q3IN mAIN'

LSIT=2
A1=4
AW.
CALL PIESSLSCAIA2,LSIT.Q2)
CALL REGFLOW(CNECKP)
DPRLCS)mMP(S)+OPG(2,2)
DPRLC7)4DPlt7)+OPGC3,2)
FZmG.(OPULC7)-OPRLCS))
AF~uAISU2)

C IdRITECCRT.15) IJWNP
C WRITE(CRT.29) G1.a2,FI.F2,DPRtLC5),DP`RL(7)
C PALISEIPAUSE TO LOOK AT LCOUWT*O1,02,FIF2 IN MAIN,

IF(AF2.LT.CNECKP) 00 TO 1400
C NEXT GUESS

in3s(Q0F2-W2M )/( P2-1)
IFCK.LT.71) GOTO 13900

C WRITECLUOUT.7) K.LSIT
C WRITE(LUOUT.32) IWJESS.F2,DPRL(S).OPIL(T).OPG(Z,Z).OPG(3,Z)
1390 CONTINEE

MIGUIESS.GT.25) GO TO 5000
00 TO 1300

1400 CONTINUE
C
C ITERATION FOR Kth TIME STEP COMPLETE
C

0(2)=03
0C3)wQ( 1)-aC?)
DO 1402 Jut,?

1402 ZO(J)=Z(J)

GOTO 1420

1405 CONTINUE

C CALCULATE THE Zs FOR THIS TIME STEP

C QUASISTATIC CASE

Do 1407 J*4,7
DV(J)&V(J)-VO(J)

1407 Z(J)uDV(J)IDELVOI. ICHANGE MAOE CHECK OUTI!!II!!I!II!I!!!l

SUI.ZC4)+Z(5)+ZC6)+Z(7)

00 1406 J=4'7
1408 Z(J)=ZCJ)/SWI

IF(JSTADYN.Ea.2) GOTO 2100

Do 1410 J.4,7
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1410 G(J)OV(J)/OT
0(2)aQ(4)44(5)
oc3)ae(�).o(7)
GOTO 2100

1420 CONTINUE
C OTNANIC CASE

00 1450 Jut,?
1450 ZCJ)aQ(J)/FLOWCK)

C UEITE(cRT,14) K
C IRITE(CRT,29) CZCJ).J�1.7)
C PMISE'PAUUE To LOOK AT THE Za AT THE END OF THE Kth TINE STEP'

IFCJITADTN.EO.1.AND.JOSTATIC.EQ.1) GO TO 1800
IPCO(1).EO.O.O) GO TO 1800
u11.0.0
DO 1560 J.4.7

¶560 S18�6IMZCJ)
DO 1600 J.4.7

1600 Z(J)SZCJ)/SW
1800 CONTINUE
1810 VOL0(1�uVC1)

�LDC2)aV(2)
WLOC3).VC3)

C
C INTEGRATE THE FLOW TO EACH REGION CAREA4.?) AuiD CALCULATE THE
C NEW RECOIL PRESSURE OF THE PARENCHYI4A OF THAT REGION
C

00 2000 J4,?
�L0(J)uVCJ)
FVREGVCJ)/RTLCCJ)
IFCJGSTATIC.EG.2) GO TO 1960
IF(JSTAOII4.EG.2) GO TO 1960
DV(J)OT/2.0(ZO(J)FLOWCK-1 ).Z(J)FLOWCK))
V(J)�VCJ$0VCJ)

1.0
1820 r'I.1

IF(I.EQ.ImmxFC) GOTO¶840
FCI�FO6IN40FCCI-1)
IFCFCI.LT.FVREG) GOTO ¶820
IFCI.EO.1) GO TO 1830

LAiFVREG- C PCI -DFC)
PCJ)uPstCjstatusJ, 1-1)

* * WPCPstCJstatus.J,!)-PstCjstatusJI-1))/DFC
GO TO 1960

1830 WJFVEEG-FOIIN
PCJ)PstCJsatusJ,¶)

* . I.AP(PstCJstatus.J,2)-PstCjstatusJ,1))/DFC

GO TO 1960

1840 IAJFYREG-FOIAX
PCJ)uPstCJstatus.J, ImxFC)

* . LlFCPstCJstatus.J.ImxFc)-PstcjstatusJImaxFOql))/DFC

1980 CONTINUE
PVCs(V(J)�VOCJ))/V0CJ)
FTVuCVCJ)-VOCJ))/VOLINCK)

C URITE(CRT,21) J,0(J)DV(J)*PCJ),DPRL(J)
C PAUSE'PAUSE TO LOOK AT JQCJ),V(J),P(J),DPRL(J)'
2000 CONTINUE

C
C CALCULATE THE NEW VOtARIES OF AREAS 2 AND 3
C
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VC2.V(&).V0)
VC3)-VC�).v(7)

C
C CALCULATE TUE VELOCITY MID DPI IN TNE TRACHEA AND THE let GEM
C

VTRACNAaSCQC 1)/C .7S5'TRcDIAM�2))
cOEFU-JCYCLEO.0107
0PPRuCOEF'UC1.1)'VISCSTY/A�(1.1)CUC1,1)'AVLC1,1)/VISK)'�O.5
DP3Eu0O(FD0VTRACII�2-1.7UC1, l)�2)
DPFGOPFROPUE

C
C CALCULATE THE TRANUIJRAL PRESSURES AND THE NE� AIRVAY DIAMETERS
C MID LENGTHS THAT VILL IE USED IN THE NEXT TIME STEP K.1
C

CALL TRAIUIPRCOEGADDPFG)
C PAUSE'PAUSE SEPORE YOU ENTER AIRVAY'

CALL AIRVAYCTRCDNAXTRCDIAM)
C
2100 CONTINUE

IF(JCYCLE.EG.-1) GOTO 2200
IP(IUOLUS.EG.O) GOTO 2300

C CALCULATE TUE AMOUNT OP iNDICATOR MATERIAL THAT ENTERS EACH REGION

J3a1
2110 JJS41

IPCJI.EG.JmmDPl) GOTO 2120
VOL jbm(JU-1)'DVbotus
IPCVOLIN(C).GT.VOLjb) GOTO 2110
�AiCVOLIN(K)-VOLJ3)/DVbotus
Cinc30LUS(J3-1)eUU'C�3OLUSCJB)-�30LUS(JS. 1))
GOTO 2130

2120 IWLUSmO
C.0

2130 CONTINUE
DO 2140 Jul..?

2140 AMOUNTCJ)AMOUNTCJ)iOVcJ)*(C.C0)/2.O
GOTO 2300

C CALCULATE THE GAS CONCENTRATION AT THE MOUTH DURING
C EXHALATION (CONNO) EACH REGION HAS RDS OF ANATOMICAL DEADSPACE
C AND THE UPPER AIRVAYS HAS A DEADSPACE UAWS

2200 CONNOOC
00 2150 Ju4,7
FKu1.0
RWXH-VMAXCJ)-V(J)
IFCRVEXH.LT.RDS) FK=0.O

2150 �OI0incONMO4FK*ZCJ)*cbO(REGCJ)
EXHVOLuVMAX(1 )-VC1 ).UA�0S
URITECLUOUT,30) K�EXHVOLcONMO
UEZTECCRT,30) KEXHVOL�C0NNO

2300 CONTINUE

* Iprintulprintel
URITECLUOUT,31)KVC1).(PCJ),Js.4,7). (V(J),J=4,7)
1RITECLUOUT.31)K.O(1).CZCJ).J'.4.7).(DPRcJ).J�4,7)
JPCIPRINT.LT.1000) GOTO 2900

*Iprintu0
DELGRAVI TYOPGRAv(5 ).DPGRAV(6)

IF(JSTADYN.EO.2) GOTO 2500
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C CALCULATE PULMONARY RESISTANCE

DO 2400 Ju4,7
2400 RES( J)-OPRCJ)/ C0CJ)*.001)

mEIS - DG(2,2)ICOCZ)*.001) + (RtES(4)RIES(5))/(RES(4)+RESCS))
31511.w DGC3.2)/C0(3)'.001) + (RtES(6)*RES(7))/(RESC6).RES(7))

RESPULODPFG/COC1)*.001) + CRESI*RESI I)/CRESI+RESII)
2499 FORMAT(/)
2500 CONTINUE

WRITE(LUOUT.2499)
WRITE(LUOUT.2499)
WRITE(LUOUT.29) OELGRAVITY*DPORAV(5) 1DPGRAVC6)
WRITECLUMjT.29) DPRC4),DPRC5S).DPRC6).DPRC7),DPRL(5),DPRL(7)
UEITECLUOUT .2499)

C URITECLUOUT.29) (XIO41(J),Ja4,7)
C UEITE(LUOUT.29) (XK(4,M),Na2,NG END P)

WRITE(LUOUT,28) PTMC1. 1),PTNC2,2).C(PTMC4,W),Nx3,NGENDP)
WRITECLUOUT.2S) A1C1l,1),M0C(2,2),CAWC(4,N),Nm3,NGENDP)
bEITECLUOUT,28) PTMC1,1),PTM(3,Z),CPTNTMC?,N)N3,NGENOP)
URITECLUOUT,28) AIE)C1.1).AWC(3,2),(AIWD(.N).Nu3,NGENDP)
UN ITE(LUOUT .2499)
WRITE(LUOUT,35) VTRtACN.U(1.1).U(2,2).U(3,2)
WRITE(LUOUT,35) (U(4,N),Nm3,NGENDP)
WtITE(LUOUT,35) CUC7,N),Nft3gNGENDP)
UtJTE(LUOU7,2499)
UtITE(LUOUT,28) DPFR.DPVC2,2).CDPVC4.N).Nu3,NGENDP)
UtIT!CLUOUT,28) DPBE.DPC(2,2).CDPCC4,N).N=3,NGENDP)
WRITE(LUOUT,2S) DPFG,DPGCZ,2).CDPGC4,N),N-3,NGENDP)
WRITE(LUOUT,2499)
WRITE(LUOUT.28) DPFR.DPYC3,2),CDPVC7,N),Ns3,NGENDP)
WRITE(LUOUT,2B) DPSE,DPVC3,2).CDPCC7,N),N.3,NGENDP)
%IRITE(LUOUT,2B) DPFG.DPG(3.2),CDPGCT,N),Nz3.NGENDP)
URITE(LUMT.2499)
WRITECLUOUT,28) CRESCJ),Ju4.7),RESI .RESII,RESPUL

2900 WRITE(LUOUT.2499)
OD TO 1000 Igoto next time step K.1

3000 CONTINUE
C
C START OF EXHALATION; SET THE EXHALATION PARAMETERS
C

JCYCLEw-1 lExchalatfon coefficient
P06z.1.
Jstatus=2 llxhatation indicator

C PMAK THE INHALATION P-FV CURVE AN INHALATION CURVE

PTMIUIPTlUIN-DPNYS
P11UAXPTNUA-DPHYS

C SAVE THE MAXIMUM REGIONAL VOLUMES

VMAXC1)XVC1)
Do 3100 j-4,7

3100 WqAX(J)uVCJ)

C CALCULATE THE END INHALATION TRACER CONCENTRATION IN EACH REGION

C NORMALIZE THE ANMOUNT7 TO 1.0 microcurie

wjqOa.0
Do 3120 J-4,7

3120 SUllwSUM+4AMOUNTCJ)
DO 3130 .1=4,7

483



Progrm SSOLUMDFOR

3130 AMOUNrCJMOSOUNTCJ)SUM

D0 3150 J=4,7
ClOLr@@(J)wAN0IJNT(J)/(V(J)-RDS)
C@OLreqCJ)-1O00OO CULreg(j)
WRITE(LUOUT.14) J.VCJ),ClOLr"gCJ).AIPJNTCJ)

3150 WIITE(CCT.14) JV(J),C§OLroq(j),ANOUNT(J)
PAUSEOPAUSE TO LOOK AT J.VCJ).CUOLregCJ),AMOUNT(J)'

GOTO 1006
4500 PAUUE'ITERATION NOT CONWNGINGlII JUESS=25o

5000 CONTINUE
STOP

C ------------------------------------------------------------------------
SUBROUTINE INTERP(Y. IMAXI DX1 *INAX2,DX2)
DINENSIONYC211), X1(211), X2(601), Y2(601)
D0 10 11 a 1*JMAXI

XlCI¶) a (11 -1)*DXI
10 CONTINUE

DO 20 12 a 1. INAX2
2(2(12) a (12-1)'1X2

20 CONTINUE
00 30 12 u 7IMAX2

11 aX2(12)/DX1 + 02(1/2.0

IF(Il .EQ. 1) 11 a 2
IF(II .EQ. INAXI) 11 a IMAXI - 1
U u(X(2(12) -X1(il))/DXI

DI Y(1I+1) -Y(11-1)

D2 *Y(11+1) -2.06Y(l1) 4 TI1-1)
Y2012) a Y(II) + O.5*DM' 0 .5'D2'U*2

30 CONTINUE
W0 40 12 = I, INMXZ

Y(12) a Y2(12)
40 CONTINUE

RETURN
END

C ------------------------------------------------------------------
SMUBOUTINE FLOIM(KNAX,KEINS,VSTART)
CiOMM FLOW(601),VOLINC601),FC15).RTLC(15).WLC25).WD(25),

"* P1(201),VC7),AWL(7,18),HC7),Z(1O),ZOC¶O),RCVCT),DvdtCOEFA.
"* AWD(7,18),Q(7),PstC2,7,151),PTNC7,3O),DENSITT,VISCSTY,VISK,
*P(15),DPRC15),RES(15),DPRLC15),DNA(Z5),v0( 15),JCMMTU(7,20),
"* VOLDC15),K,IumFC.NUNITSDFCFCNMN.APGPLCZ5),NGEN,DD,XLNAXC24),
"* PERIODDT,TMAX,FCPAX,DELVOL,FDP4AX{201),XKN1C7),XKC7,25),
*DPGCT. 18). RESCONC7U18), RESVI S(7, 18), JINS) GN, JEXSI GN,FCFRC, TLC.
"* DPptu,J~xFM1,JCTCLE,PT1UIN,PTUGA,VE.VWINLUNG,WEIGHT,DPGRAV(7r),
"* FVtC201),ImmxFVPl,JmxTXARCT.30),P0ISC7,30),FDNAXOSLOPEO.
"* JSTADYN.JOSTATIC,DPGRAVO(7),OFCS,0FC2,ANOUT(7).GIJ.SixPTM,
* NENDP,NGENDP1,DKOG(5),RWEIGHT(1O),RVEC1O),RNINVOLC¶O),QR(IO),
"* DPVCT.30),DPCC7,30)

C
INTEGER CRT
CUTSO

1 FORMATCI3,F8.2,F8.3,F8.2)
2 FORMATC9F.1)
3 FORMATC3X, 15)
C
C READ THE FLOW DATA FROM4 THE DATA FILE CALLED FLOW.DAT
C - Jinax # OF FLOW DATA POINTS FROM EXPERIMENTAL RECORD
C VSTARTRGAS VOLUME OF THE LUNG AT START OF BREATH
C DTC * TINE INCREMENT FOR MEASURED FLOW DATA
C TIDVOL a MEASURED TIDAL VOLUME

484



Program SBBOLUSDFOR

C
READ(4,1) JumxQ,VSTART,DTC,TIDVOL
READ(4,2) (FLOW(I),Ial,JMujQ)

C WRITE(CRT.1) JmaxQ*VSTART,DTC,TIDVOL
C WRITECCRT.2) (FLOW(I).Iul,Jnm&X)
c PAIJSE'PAUSE TO LOOK AT Jmmx,VSTART,DTC,TIDVOL AND FLOWS IN SUB FLOUW'
C
C DETERMINE WHERE THE MEASURED DATA BECOMES NEGATIVE, JEINS.
C

100 JuJ+l
IF(FLOWCJ).GE.O.O) GOTO 100
JEINS*J-1

C
C DO AN INITIAL SCALING TO MATCH THE FLOWS TO THE TIDAL VOLUME
C

VSUMNO.O
DO 110 J=2,JEINS

110 VSLUWVSUM.OTC/2*(FLOW(J-1),FLOW(J))
SCALE a TIDVOL/VSUM
Do 120 JuljmxQ

120 FLOhDCJ)xSCALE*FLOWCJ)
C
C INTERPRET FLOW DATA TO A FINER KMAX GRID. THE TIMIE STEP DT FOR THIS
C US BASED ON AN AVERAGE VOLUME INCREMENT OF DELVOL OVER INHALATION.
C

TPAXOTC*JxQI
TINEIWN a CJEINS-1)*DTC
DT=TIMEINH'COVdt/TIDVOL)
KMAXI=TMAX/DT
DT=TMAX/KMAX1
KMAX.IOIAX1+1
DTNODT/2.0

CALL INTERPCFLOW,JeMXQ,DTCKMAX,DT)

C WRITECCRT,2) CFLOWCI),Iul,KMAX)
C IIMITE(CRT,2) DTCDT
C PAIJSE'PAIJSE TO LOOK AT FLOWS AND DTC AND DT IN SUB FLOUW'
C
C DETERMINE THE K WHERE THE FLOW FIRST BECOMES NEGATIVE,
C THE END OF INHALATION (KEINS). LOOK FOR KCHECK FLOWS LESS THAN ZERO.
C

KCHECK=3
KCOO
KOO

130 KuK+l
C IIPITE(CRT,3)K

IFCFLOW(K).GT.0) GOTO 200
KC=KC41
IF(KC.EO.KCHECK) GOTO 250
GOTO 150

200 KCwO
GOTO 1SO

250 KEINSxK-(KCHECK-1)
C PAUSE'PAUSE TO LOOK AT ALL THE Ks'
C
C INTEGRATE FLOW TO GET TIDAL VOLUME BASED ON FLOW DATA (FTIDVOL)
C

KEINS1.KEINS-1
FTIOVOL-0.0
D0 300 KzI,KEINS1

r~~300 

FTIDVOL 
=FTIDVOL 

eOTH*(FLOW(K) 
.FLOW(K 
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C
C NORMALIZE FLOWIS WITH RESPECT TO THE MEASURED TIDAL VOLUME
C

SCALEuT IDVOL/FTIDVOL
00 400 Kul,KMAX

4.00 FLOV(K)-SCALE*FLOWaCK)
C
C CALCULATE THE INHALED VOLUMIE (VOLIN) BASED ON THE SCALED FLOWS
C

VOLINC¶)SO.O
DO 500 Ku2,KMAX

500 VOLINCK)aVOLIN(K.1).OTH*CFLOUCK).FLOWCK.1))

C WRITE(CRT,2) (FL0II(K),K*mlKNAX)
C WRI7E(CRT.2) CVOLIMCK),K.1,KMAX)
C PAAJSEIPALISE TO LOOK AT VOL.11(K) IN SUB FLOW'O

RETURN
END

C ---------------------------------------------------------------------
SUBROUTINE TRANUURCCMEGA,DPFG)

COMMON FLOW(6O¶),VOLIN(601),F(15),RTLCC15),WLc25),IIDcz5),
"* PI(201).V(7).AWL(7.18),HC7),ZC1O),ZO(1O),RCV(7),DVdt,COEFA,
"+ AWD(7,18).QC7).PstC2,7',151),PTNC7,3O),DENSITY.VISCSTYVISK,
"* PC15).DPRCI5).RESCI5).CPRL(15),DNAX(25),VOC15)..JCONTU(7,20),
"* VOLDC15)IK,1.WIFC.NUNITS,DFCFcMIN,APGPL(25),NGENDDDUXLMAX(24),
"* PERIGO,DT.TMAX.FCMAX.DELVOLFDN4AXC2O1).XKN1(T),XICCT,25),
"* DPGC7,18),RESCON(7,15),RESVIS(7,18),JINSIGNJEXSIGN,FCFRC,TLC,
"* DPptm,lmexFc41,JCYCLE.PTW4IN,PTNqA,VE,VMINLUNG,WEIGHT,DPGRAV(T),
"* FVt(201), ImaFCP1,JueX,TXARC7,30),POISC7,30),FDM4AXO,SLOPEO,
"* JSTADYNJQSTATIC,DPGRAVOC7).DFCS.DFC2,AM OUN T(7),GI UjUxpTM,
*NGENDPNGENDP1.OK,OG(S).RIEJGNT(1O),RVE(10),RNJNVOL(1O),gR(1O),
*DPVCT,30),DPCC7,30)

C
DIMENSION SUMDPGC¶O),IIC1O)
INTEGER CRT
CRTNO

I FORMATCIX.ME.2)
2 FORMAT(3X,214,FB.2)

C PAUSEOPAUSE AFTER YOU ENTER TRANSNP'
IF(K.NE.100) GOTO 200
KKK-300

200 CONTINUE
JaMz81 = Jlfx-1
IF (K.EQ.1) GO TO 4
IF (JOSTATJC.EQ.l) GO TO 8
IF (JSTADYN.EQ.1) GO TO 8

C
C FOR THE STATIC CASE PTM = PARENCHYMAL RECOIL PRESSURE
C

4 CONTINUE
DO 6 J-4,7

DO 5 Nxl,NGENDP
5 PTNCJ,N)xPCJ)

C WRITECCRT.1) (PTM(JN),N=1*NGENDP)
C PAUSE'PAUSE TO LOOK AT PTMs'

6 CONTINUE
GOTO 100

8 CONTINUE
C WRITECCRT,2)JCYCLE
C PAUSE'PAUSE TO LOOK AT JCYCLE'

IF(JCYCLE.LT.O) GO TO 10
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C
C DYNAMIC CASE
C
C SET XIO~zl AND XKw1 DURING INHALATION
C

Do 9 J=4.7
XKNICJ)=l.00
Do 9 Nw1.NGENDP

9 XK(J.N)n1.O
XKC2.2)ul .0
XK(3,2)s1 .0
GO TO 75

10 CONTINUE
C
C CALCULATION OF XXM1uKM-1. Km IS A FUNCTION OF THE LOCAL
C COMPLIANCE OF THE PARENCHYMA. SEE EQ.3.16.
C

Do 50 J.14,7
RFVBVCJ)IRTLCCJ)
JIsIICJ)
FR=RFV- FVtCJ I)
IF(FR)31 .33.32

31 JlsJI-i
IF(FVt(JI).LE.RFV) GO TO 33
GO TO 31

32 LP(JI.GE.J0ajMl) GO TO 33
JIwJI~1
IF(FVtCJI).GE.RFV) GO TO 33
G0 TO 32

33 11(J) a JI
IFCJI.GE.Jwax) JlsJxN1l
C=(FVtCJI.1 )-FVtCJi ))IOPptmn
XKNICJ)u2.O/(1 .O.ONEGA*C)

C
C CALCULATION OF XK - THE MEASURE OF THE INTERDEPENDENCE
C BETWEEN THE LOCAL PARENCHY1NA AND THE BRONCHIAL UALL.
C
C GEMS 3-NGENDP
C

DO 4.0 N=3,NGENDP
AWDUERDNAXCN)*RFV**(1./3.)
DSTAR a MIDCJ*N)IAWDUE
IFCOSTAR.GT.1.0) OSTAR a1.0
IFCDSTAR.LE. .7) DSTAR *.7

40 XKCJ,N)SXKN1CJ)*C1.25/(1.O4(CDSTAR-.7)I.15)**2)-.25),1.0

C WRITECCRT,l) (XK(JJN),N=3,NGENDP)
C PAAISE'PAUSE TO LOOK AT CXKCJJ,H),Na3,NGENDP)'
50 CONTINUE
C
C GENERATION 2
C

Do 60 Ju2.3
IF(J.EQ.2) .JJ=5

IFCJ.EQ.3) ij=6
RFVnV(JJ )/ETLC(JJ)
AWDUEs$IACN)*RFV*(1 ./3.)
OSTAR a AW(J,N)IAWDUE
IFCDSTAR.GE.1) DSTAR an 1.0
IF(DSTAR.LE. .7) DSTAR s .7
XKCJ *2)uXKMCJj )*( 1. 25/(1.0eC COSTAR- .7)/. 15 )*2)-. 25 )+1.0

C WRITE(CRT*2) XKCJ.2)
60 CONTINUE

C PAIJSEPAUSE TO LOOK AT THE XKS'
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75 CONTINUE
C
C CALCULATE THE TRANSISJRAL PRESSURE ACTING ON EACH
C OR ONCHNIAL WALL. SEE EQ 3.15
C
C GENERATIONS 3-NGENDP
C

N1uNGENDP-2
DO 85 Jx4.7
UJMDPG(J)20.0
DO 80 N-NGENDP.3.-1
SLBDPG(J)mSUMPGCJ)-DPG(J ,N)

80 PT14(J.N).P(J).JCYCLEIXKCJ.N)mIIMDPGCJ)
85 CONTINUE

C
C CALCULATE PIN IN GEMS 1 AND 2 AND THE TRACHEA
C

SUMDPG(5)uSUMDPG(5)-DPGCZ, 2)
SlIIDPG(6)BSIWP(6)-DPGC3,2)
PTN(2,2)uP(5).JCYCLEIXKCZ,2)*SLWPGC5)
PTNC3,2)=PC6)4JCYCLE/XKC3,2)*SLPPGC6)
SIUDPG(5)uSLUNPG(5)-DPFG
PTNC1 .1)=PC5)+JCYCLE*SIDPGC5)
PTMTRAC:N=PC5)+JCYCLE*SLNDPGC5)

100 CONTINUE
RETURN
END

C------------------------------------------------------------------
SUBROUINE STATVOL(FCtaaigJstatue)

C
C THIS SUBROUTINE CALCULATES THE FOUR REGIONAL VOLUMES USING AN
C ITERATION SCHEME (METHOD OF FALSE POSITION). THE PROCEDURE
C STARTS WITH A GUESS OF P(4), THE PRESSURE AT THE CG OF THE
C HIGHEST REGION. THE OTHER PRESSURES ARE CALCULATED USING OPRAVG
C AND THE RELATIVE VOLUME EXPANSION OF THE ENTIRE LUNG. THE REGIONAL
C AND TOTAL. VOLUMDES ARE THEN CALCULATED. THE CALCULATED VOLUME IS THE
C COMPARED TO THE REQUIRED VOLWIE*WHICH IS THE ERROR. THE ITERATION
C SCHEME PROCEEDS ONCE TWO GUESSES NAVE BEEN MADE.
C

COMMIO FLOM(60i),VOLINC601),FC15)*RTLC(15),WLC25),WC(25).
"* P1(2O%)V(T).AvL(7, 18)*N(7),ZC1O),ZOC1O),RCvC7),Dvdt,COEFA,
"* AWC(7,18).0C7),Pst(2,7,151),PTMC7,30).DENSITY.VISCSTY,VISK,
"* P(15).DPRC15),RESC15),DPRLC15),DMAXCZS),VO(15).JCOUNT,UC7,20),

" VOt.D(I5),X,ImxFC,HUNITS,DFC,FOIIN,APGPL(25),NGEN,DD,XLMAX(24),
"* PERIOD,DT,TNAX.FO4AXDELVOL,FDNAXC2O1),XKM1C7),XK(7,25),
"* DPG(7,185),RESCONC7.18),RESVISC7,18),JINSIGN.JEXSIGN,FCFRC,TLC,
"+ OPptm, IinFOMI, JCYCLE,PTMUIIN,PTOWX,VE,VMHl LUNG,UWEIGHT, DPGRAV(7),
"4 FVt(201). IixFCP1,Jinx, TXAR(7,30),POIS(7,30), FOMAXO, SLOPEO,
"* JSTADYN,JOSTATIC,DPGRAVO(7),DFCS,DFC2,AMOUNT(7),GI,Jm~xPTM,
"* NGENDP,NGENDPI,DK,QGCS),RIJEIGHTC1O),RVE(10),RNINVOL(1O),QR(10),
"* DPV(7.30),DPcC7,3O)

C
DIMENSION FCR(7),VR(7),PRC7)
INTEGER R,CRT
CUTMO

1 FORKATC3X,I5,0F1O.2)
2 FOU4ATC2X,138SE9.3)
3 FOENATCZX,SE10.3)

C
IGUESSal
CHECCV*2.O IThe calculated voiwie =Ast be within CHECKV cc's

C of the actual voLune.
C
C USE P-FVA (PRESS-FRACTIONAL VOLUIME OF THE ACINUS) TO GET THE 1st GUESS
C FOR PM4 (PRESSURE AT THE CG OF REGION 4). P1
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C
J=Jmax

100 JwJ-l
IFCFVt(J).GT.FCLUNG) GOTO 100
PG1 PTMHIIN+(J -I )*OPptE
PGRAV.OPGAAV(4)*OPGRAV(5)4OPGRAV(6)
P3(4)w PG1+P0RAV/2 IPGI IS THE FIRST GUESS

C WRITECCRT.2) JF~tCJ).FCLUI6,PTWIINPTNIAXDPptu,PRC4)
C PAAJSE'PAAJSE TO LOOK At J,FVt(J)*PCLUNGPTNNMI,DPptm,PR(4)'
C
C CALCULATE THE PRESSURES IN THE THREE LOWER REGIONS
C

00 200 R=5,7
200 PR(R) a PRCR-1)-OPGRAV(R-1)
C WRITECCRT,3) (PR(R),Ra4.T)
C PAUSE'PAUSE TO LOOK AT PR(R),R.4,7 1st GUESS'
C
C CALCULATE THE LUNG VOLUM4E FOR THESE PRESSURES
C

VOLCALCxO

00 300 3.4.7

250 1.1.1
IF (PRCR).GT.PstCJstatus.R.I)) GOTO 250

UUJ(PRCR)-PstCJstatus*R, 1-1))
* /(Pst(Jstatus,R,I)-PstCJstatus,R,1-1))

280 FCR(R)= FCMIN +. (1-2)*DFC +.W'DFC

VRCR)=FCRCR)*RTLCCR)
VOLCALC v VOLCALC4VR(R) PIOLCALC is calculated Lung voLuue

C WRITECCRT,2) 1,Pst(Jstatus.R.1),PRCR).FCR(R).RTLCCR),FCMIN,DFC.IJ,VR(R)
C PAUSE'I,PST,PRCR),FCRCR),RTLCCR).FCMINDFC,.UVRCR)- 1st guess'
300 CONTINUE

C WRITE(CRT,3) VC1),VOLCALC,ERRl
C PAUSE' VC1),VOLCALCERR1 AFTER 1ST GUESS'
C
C OBTAIN THE NEXT GUESS FOR P(4), PG2
C

ERRlzVOLCALC-VC1) IERRI is the error for the 1st guess, PI
IF(ERR1 )f00,500,450

400 PG2aPGI+.25 IVOLCALC too sot l, make P62 bigger than P01
GO TO 500

450 PG2*PGI- .25 IVOLCALC too big, make PG2 Less than P61
C
C CALCULATE THE PRESSURES IN THE THREE LOWER REGIONS
C
500 PR(4)zPG2

DO 550 R=5.7
550 PRCR)oPRCR-1)-DPGRAV(R-1)
C WRITECCRT,3) CPRCR),R=407)
C PAUSE'PAUSE TO LOOK AT PR(R),Rm-4,7 FOR NEXT GUESS'
C
C CALCULATE THE REGIONAL AND TOTAL LUNG VOLUMES FOR THESE PRESSURES
C.-

VOLCALCmO
00 700 Rw4,
1=1
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650 1.1.1
IF CPR(R).GT.PSt(jstatus.RI)) GOTO 650

UUwCPR(R)-Pst(Jstatum.R. I-1))
* /CPst~jstatus.'R.I)-Pst(Jstatus*R*I-1))

690 FcCRR)w FCMIN + (1-2)*DFC + UIWDFC
VltCR)=FcCR()*RTLCCR)
VOLCALC a VOLCALC.VRCR)

C WBITECCRT,2) 1,PstCJatatus,R,I),PRCR).FRCR(),RTLC(R),FCNIN,DFCIAJ.VR(R)
C PAAJSE#PMISE TO SEE I.PST.PRCR).FC(R).RTLC(R).FCMIH,DFC.UU.VR(R)I
700 CONTINUE

EtRE2VOLCALC-VC1)
AERR2uABSCERRZ2)
IF(AERR2.LT.CNECKV) GOTO 1000

C WRtTE(CCTUI) IGLUESS,P61.PG2,VOLCALC.ERR2
C PAWS' IGUESS,P01 .P02.VOLCALC,ERR2'
C
C USE THE ITERATION SCHEM4E TO MAKE THE NEXT GUESS, PG3
C
750 CONTINUJE

P038(PGI*ERR2-PGZ*ERR1 )/CERR2-ERRI)
P61.902
PG2-03
ERR1BERR2
IGUESS*IGUEMSS*
IF(IGUESS.LT.25) GOTO 500
PAUSE8IGIJEBSs25 IN STATVOL, TYPE CONTROL C AND GET OUJT!IH
KKKu1

N00 GOT 500
1000 CONTINUE

D0 1100 3.4,7
P(R)UPR(R)
RV(R)u(VN(R)+RWEIGHT(R))RIRMIVOLCR)

1100 VCR)VRCR)
vC2).V(4)+V(5.
VC3sV(6.v(7)
RETURN
END

C ------------------------------------------------ ----------------
SUBROUTINE AIRUAYCTRCDNAX.TRCDIAM)

C
C THIS SUBROUTINE CALCULATES THE AIRWAY LENGTHS AND DIAM4ETERS DURING THE
C BREATH. LENGTHS ARE BASED ON THE REGIONAL EXPANSION AND DIAMETERS ARE
C LASE ON THE TRANMSSSRAL PRESSURE THAT ACTS ON THE AIRWAY.
C

COMMO FLOWC601 ),VOL 1N(60%).F(I5). RTLCC15). WLC(25), W(25),
"* P1(201),VC7).AULC7,18),NC7),Z(10),ZO(1D),RCVC7),DVdt,COEFA,
"* M~C7.18),0C7),PstC2,7.151),PTNC7,30),DENSITT,VISCSTY.VISIC.
"* P(15).DPRCIS),RESC15).DPRL(15).DNAXC25),VO(15),JCOUNT.U(7.20),
"* VOLD(15),K,IimxFC,NUNITSDFC,FOIIN.APGPLC25),NGEN,DO,XLMAXC24),
"* PER IOD.DT, TPAX, FCNAX,DELVOL, FONAXC2O1 ), XEM1(7), XK(7,25),
"* DPGCT.18).RESCON(7,18),RESVISC7,18),JINSIGN.JEXSIGN,FCFRC,TLC,
"* DPpt.IinxFON1,JCYCLE,PTNNIN,PTIUA,VE,VNqINLLNG,UEIGHT,DPaRAV(7),
"* FvtC201).IMXFCPIJ=mA.TXARC7,30).POIS(7.30),FDNAXD,SLOPED,
"* JSTADYNJQSTATICDPGRAVO(7).DFCS.DFC2,AIIIJT(7),GI ,JusxPTM,

*NUNDP,NGENDP1.D(,0GC5),RWiIGNTC1O),RVEC10),RNINvoL(1O),QR(IO),
"* DPVC730),DPCC,30)

INTEGER CRT.R
*ciTyO

I FOEMTC2X,8E9.3)
2 FORMAT(2X,15)
3 FURNATC2X, 14,0F9.3)
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4 FORNAT(2x,21S,FIO.4)
C
c CALCULATE THE LENGTHS FOR GEMS I AND 2
C
C WRITE(CRT.2) R

AUL0,l.) a (V(1)/RTLC(i))**(1./3.) * XLNAXC¶)
AWLC2,2) a CV(2)/RTLCC2))**Cl./3.) * XLMAXC2)
AUL(3,2) a (v(3)/RTLcC3))**(I./3.) * XLMAXC2)

C PALISVIN AIRWAY, AFTER AWLC3,2)'
C
C CALCULATE THE LENGTHS FOR GEMS 3-23
C

00 100 Ra4.7
SCALEwCV(R)/RTLC(R))'Cl ./3.)

C WRITE(CRT.3) R.VCR),RTLCCR).SCALE
00 SO M-3,NGENDP

5& AWL(R,NiS5CALH'-ýXLMAX(N)
C WRITECCRT.2) R
C WRITE(CRT,1) (AWLCR,N),Na3,NGENDP)
C PAIJSEOPAAJSE TO LOOK AT THE AWLS'
100 CONTINUE

C
C CALCULATE THE AIRWAY DIAMETERS FOR THE TRACHEA AND GEN 1 (AREA 2)
C

TRCDIAMz 0.80+0.056'PTC14(,l) - TRCDMAX
AWDC1,l)xOJ2+O.O5O-PTNC.1l) - OMAXOi)

C
C CALCULATE THE AIRWAY DIAMETERS FOR GEN's 2-NGENDP
C

PTN(4,2)uPTN(2,2) Icatculate PTH(j,2) for use in the do Loop
PTN(S,Z)=PTMC2,2)
PTN(6,2)sPTN(3,2)
PTN(7,2)uTNC3,2)
if(k.LT.237) GOTO 119
Ki0kal

119 CONTINUE

DO 200 R=4,7
D0 160 N=2,NGENDP
lF(PTNCR*N).LT.0.O) G070 150

C CALCULATION OF AIRWAY DIAMETERS FOR POSITIVE PTN's
jai

120 101+1
PTTaPTIIIN+( 1-1)*DPptm
IF(l.EQ.JwaxPTN) GOTO 130
IF(PTN(R,N).GT.PTT) 0070 120
iU&(PTH(R,k)- CPTT-DPpta) )/DPptm

SCALEuFDNAX(I -1 )44J.(FDPAXCI)-FD4AXCI -1))
G010 140

130 UU-(PTN(R,M)-(PTT-OPptm))/DPptu
SCALE= FDNAX(JmxPTN)4tAC FDNAXC jiaxPTN) -FDMAX( JmaxPTH- 1))

140 AW(R,M)wSCALE*ONAX(N)
0070 160

C CALCULATION OF AIRWAY DIAMETERS FOR NEGATIVE PTH'S
150 .MmCRN)=FDNAXO*DNAX(N)/C1 .- PTNCR,N)/SLOPEO)*C1 ./3.)

760 CONTINUE
IFCK.LT.1000) GOTO 200
WRITE(CRT,2) R
WRIIECCRT,1) CAWC(RN),Nz2,NGENDP)
WRITECCRT,1) CPTNCR.N),Mx2,NGENDP)
PAUSE'PAUSE TO LOOK AT THE AIDS'

200 CONTINUE
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AW&(2.2)m AM (5.2)
AWC(3,2)" " (6,2)
RETURN
END

C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SIDROUT IME MRSSLS(Al,A2,LSIT,QLATEST)
COSI M FLOUC6O1), VOU1N(601 ), F05), R7LC(5),WLC25),WD(25).

"* PI(201).VC7),AWLCT,18).H(7),ZC1O),ZO(1O),RCV(7).Dvdt,COEFA,
"* AWC(7.lS).0C7),PstC2,7,151),PTN(7,30),DENSITYVISCSTYVISK.
"* Pc15),DPR(15),RES(15),DPRL( 15),DNAX(25),VOC1S),JcOUNT,U(7,2O),
"* VOLD05)*K. IXFC,NUNITS*DFC.FCNIN.APGPLC25),NGEN,0D,XLNAXC24),
"+ PERIW,DT*TNAX,FcMAX,DELVOL,FDNAJCC201).XjOIlC7).XKC7,25),
"* DPGCT.1S)RESCONC7,15).RESVISC7.¶S),JINSIGNJEXSIGN.FCFRC,TLC,
"* DM"pta. mxFCNl,JCYCLE,PTNWIIM.PTISM,VE,I'WINLUNG,&IEIGHT,DPGRAV(7),
"* FVt(201). ImýFCPl ,Jmax,TXARc7,30),POISC7,3O) .FDHAXO.SLOPEO,
"* JSTADYNJQSTATICDPGRAVO(7),DFCS,DFC2,AVOUNT(7)*GI .JmaPTM,
" NGENDPNGEMDP1.DK.QGC5).RIIEIGNT(1O),RVE(IO).RNINVOL(10),0R(10).
"* DPV(7,3O),DPC(7,3O)

C
C LSITu1 CALCULATE TOTAL AIRWAY AREAS AND PRESSURES FOR ALL
C AIRWAYS FROM NGENDP TO GENERATION 2 (1st CALL FROM4 MAIN)
C LSITSZ CALCULATE PRESSURE CHANGES IN ALL AIRWAYS (LATER CALLS
C FROM P1003*1 MAIN
C LSITz3 CALCULATE PRESSURE CHANGES IN AREAS Al AND A2 WHEN
C CALLED FROM REGFLOW
C

INTEGER CRT,AREA,A1,A2
CRTuO

I FORNATC2Xg7E¶O.3)
2 FORMAT(SX,311O)

C WRITE(CRT,2)LSIT*NGENDP.NGENOP1
C PAUSEIPAUSE AFTER YOU ENTER PRESSLS AND SHOW LSIT,NGENDP,NGENDP1'
C

PIEs3.1416
PIE4uPIE/4
902P~u 1.4142*PIE*VISCSTY
NGEN0P1.NGEVDP~1 Icatculates velocity for an extra gen
IF(LSIT.NE.l)GOT0 210 lareas already catculated

C
C CALCULATE THE CROSS-SECTIONAL AREA OF THE AIRWAYS IN EACH
C GEN ERA TION OF EACH OF THE AREAS
C
C CROSS-SECTIONAL AREA OF GENERATIONS 3-NOENDP
C

DO 150 AREAmA1,A2
DO 100 Nm3,NGENDP
NAIFGu(2"N)/4 It of Airways Per Generation in areas 4,5,6 and 7
TXAR(AREAN)AAWG-PIE4-AW(AREAN)-2

100 CONTINUE
IF(K.I.T.10010) GOTO 150
WRITE(CRT,Z) AREA
WRITECCRT,1) CTXAR(AREA,J),J=3,MGENOPl)
PAUSE'PAUSE TO LOOK AT THE AREA& OF GEN& 3-21'

150 CONTINUE
C
C AREA OF GENERATION 2
C

NAdPG=2 lNumber of Airways in Sen 2 in AREAs 2 and 3
Nu2

DO 200 AREA-2,3
* TXARCAREA,N).NAWPG-PIE4-(AWD(AREAN) )-2

C WRITECCRTU1) TXAR(AREA,2)
C PPJJSEPPAUSE TO LOOK AT THE AREA IN SECOND GENERATION'
200 CONTINUE
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210 CONTINUE
C
C CALCULATE THE GAS VELOCITIES IN THE AIRWAYS
C NOTE: THE GAS VELOCITIES IN THE tIt GEN AND THE TRACHEA ARE NOT
C REQUIRED FOR THE ITERATION. THESE ARE CALCULATED IN THE
C MAIN PROGRAM TO LOOK AT OVERALL PRESSURES
C
C FIRST CALCULATE THE FLOWS TO ALL AREAS BASED ON THIS GUESS-THE
C VARIABLE USED 1I OR. IT IS USED ONLY IN PRESSLS AND REGVOL TO
C SAVE THE FLOWS BASED ON THE LATEST GUESS FOR 0(2) FROM PROG MAIN
C

IF(LSIT.EQ.3) GOTO 220
QR(2)wQLATEST
QR(3)uO(1)-'R(2)
OR(4)=Z(4)*2*OR(2)
OR()QLATEST-aR(4)
*C(6)"Z(6)*2*QR(3)
QR(7)=QR(3)-'R(6)
GOTO 24.0

220 CONTINUE
QR(AI)aQLATEST Inhl flows for Al and A2 when caLled from REGFLOW
JQA./2

OR(A2)%G(J)-OCR(A1)
240 CONTINUE

C WRITE(CRT,1) (QR(AREA),AREAxA1,A,)
C PAUSE'PAUSE TO LOOK AT THE REGIONAL FLOWS IN PRESSLS'
C
C CALCULATE THE GAS VELOCITIES IN GEN 3-NGENDP
C

O0 275 A.EAA 1 ,A2
00 250 N3,NGEMNDP
U(AREAN)-M(AREA)ITXAR(AREAN)

250 CONTINUE
C WRITE(CRT.2) AREA
C WRITE(CRT.1) (U(AREAJ).Ju3,NGENOP1)
C PAUSE'PAUSE TO LOOK AT THE VELOCITIES IN GENS 3-21'
275 CONTINUE

IFCLSIT.EQ.3) GOTO 310
C
C GAS VELOCITIES IN GEN 2 IN AREAS 2 AND 3
C

N,2
DO 300 AREA"2.3
U(AREA,N)aQR(AREA)/TXAR(AREA,N)

C WRITE(CRT,2) AREA
C WEITE(CRT,1) QR(AREA),U(AREA,2)
C PAUSE'PAUSE TO LOOK AT OR AND U FOR THE SECOND GENERATION'
300 CONTINUE

C
C GAS VELOCITY IN GENERATION 1
C

U(1,1 )-ABS(0(1 )/( 1.571*AWDl)1,1 )**2) )

C
310 CONTINUE

C
C CALCULATE THE VISCOUS LOSSES IN THE FLOW USING A CORRECTED EQ 3.Z6
C DPV IS NEGATIVE FOR INHALATION;POSITIVE FOR EXHALATION
C INHALATION FLOWS PRODUCE POSITIVE VELOCITIES
C EXHALATION FLOWS PRODUCE NEGATIVE VELOCITIES
C
C VISCOUS LOSSES IN GENERATIONS 3-NGDP
C.

00 400 AREAzAI,A2
DO 350 N,3,NGENDP
A/VELAIS(U(AREA, N))
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RE-ABVEL'AWC(AEA.N)/VISK
Vla(32.0rAWI(AREA N)I/(RE*A&CAEA. N)
V2uMENSITT'IJCAREA.N)-2
POIs(AREA.N)uGI-Wl'VZ
Wia((RtE'AWm(AREA.N)IAML(AREA.N) )-C1 .2.) )/3.2703
POI S(AREA. N)JOAPOI S(AEA. M)
SQRE(RE*AID(AREA.N)/AM.CAREFA.N))Cl I.12.)
COEFW-U(AREA.N)'NAWLAREIA,N)/AWDAREAN)-2
OPV(ARtEA.N)COEFA'COEFB*$SQRE

350 DPVCAREAN)GCI*DPVCAREA.N) lconvert DP from dy'nes/cok*2 to cWI2O
C UEITE(CRT.2) AREA
C IRITECCRT.1) CDPV(AREA.M)*Ma3,NGENDP)
C PAUSEOPNJSE TO LOOK AT THE DPVs IN GEMs 3-UGENOP'
400 CONTINUE

IF(LSIT.EO.3) GOTO 510
C
C VISCOUS LOSSES IN GENERATION 2
C

NU-
00 500 AREA=2.3
ABVELAI;S(U(AREA. N))
ffuA@VEL-AW(AREANW)/VISK
$sRaRE*AWDAREA,N)/AULCAREA.N))*C1 ./2.)
COEFgu-U(AREA,N)*AWLM.CAEN)/AWQ(AREA,N)*-2
DNCAREA,*)=COFA-COEFB-SORE
DPVCAREAN)=GIDPVCAREAN) lcanvert DP from dynes/cu1*2 to CMH20

C bRITECCRT,2) AREA
C WRITE(CRT.1) RE,OPV(AREA*N)
500 CONTINUE

C PAIJSE'PAUSE TO LOOK AT RE AND OP~s IN GEN 21
510 CONTINUE

C
C CALCULATE THE CONVECTIVE ACCELERATIONS USING EQ 3.28
C DPC IS POSITIVE FOR INNALATION;POSITIVE FOR EXHALATION
C

DO0600 AREA=A¶,A2
00 550 Nw3,NGENDP
DPC(AREA,N)uOI(UCAREA,N- 1)-2-UCAREA,N)*2)

550 DPC(AREA,N).GI'DPCCAREA,N)Iconwert dyne,/cw-2 into cuil2o
C WRITECCRT,2) AREA
C WRITE(CRT.1) CDPCCAREA.N),Ns3,NGENOP)
C PAUSE'PAUSE TO LOOK AT THE DPC FOR GEMs 3-NGENDP'
600 CONTINUE

IF(LSIT.EQ.3) GOTO 710
C
C CONVECTIVE ACCELERATIONS IN GENERATION 2
C

N02
DO 700 AREAu2,3
DPCCAREA,N)UOKC(UCAREA,N- 1)'2-UCAREA ,N)-2)
DPCCAREA.N)uGI-DPCCAREU N) Iconvert dyr*u/cw-2 into cuNI2o

C WRITE(CCT,2) AREA
C WIITECCRT.1) DPCCAREA,N)
700 CONTINUE

C PAUSEOPAUSE TO LOOK AT OPC FOR GEM 21
710 CONTINUE
C
C CALCULATE THE TOTAL PRESSURE CHANGE IN EACH REGION (DPRL)
C AND IN GENERATION 2 COPG)
C
C CALCULATION OF OPR
C

DO00W0 AREAuA1,AZ
DPI CAREA)0O.O
D0 750 N-3.NGENWP
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DPGCAREAN)=DPV(AREAN)4'OPC(AREA.N) IDPG=DP in a Ben
730 DPRCAREA)wDPRCAREA)+OPGCAREA. N)
800 CONTINUE

C IdEITECCRT,¶) (DPR(AREA).AREAUA¶,A2)
C PAUSEOPAUSE TO LOOK AT THE DPR CALCULATED IN PRESSLS'

IF(LSIT.EQ.3) GOTO 910
C
C CALCULATION OF DPG FOR GENERATION 2
C

N=2
D0 900 AREA-2.3
DPGCAREA,2)DOPVCAREA,N$DPcC(AREA, N)

C WRITECCRT 82) AREA
C WRITE(CRT.1) DPG(AREA,N)
900 CONTINUE
C PAUSE' PAUSE TO LOOK AT DPGO FOR AREAS 2 AND 3 CALC IN PRESSLSO
910 CONTINUE

RETURN
END

C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SUSROUT INE REGFLOUCCHECKP)
COI MO FLOW(601 ).VOLI N(601 ), F0 5),RTLC(15), WLC25), W(25),

"* P1C201)*VCT),AWLC7.18),HCT),ZC10).ZO(1O).RCVC?),DVdt,C:OEFA,
"* AWDC7,18),QCT).Pst(2.7.151).PTNCT.30),OENSITYVISCSTY.VISK,
"* P(15),DPRC15),RESC15),DPRLC15).DNAXC25),VOC15),JCOUJNT,UC7,2O),
"* VOLD(15),K,IXUFC.NUITSDFCFCNINAPGPLCZS).#EGEN,DD,XLNAX(24),
"* PERIODDTTNAX,FOMA,DELVOLFDN4AX(2O1),XKIOI(7),XK(7,25),
"4 DPGC7, 18),RESCON(7, 18),RESVISC7. 18), JINSIGN,JEXSISN, FCFRC. TLC,
"* DPptmINSZFGM1,JCYCLE.PTIUIN.PTISIA.VE.VMINLUHG,WEIGHTDPGRAV(7),
"* FVtC201),ImwiFCP1.Jmax.TXARC7,30).POISC7,30),FDMAXO,SLOPEO.
"* JSTADYN,JQSTATIC,DPGRAVO(7),DFCSDFCZ.ANOUNTC7)9 G1 ,JmexPTN,
"* MNGEP,NGENDPIDKOG(5).RWEIGHTC1O),RVECIO),RNI1NVOL(I0),QR(I0),
"* DPV(7.3D),DPC(7,30)

C
C THIS SUBROUTINE CALCULATES THE FLOWS WITHIN AREAS 2 AND 3 FOR A GIVEN
C QC2) AND G(3) THAT NAVE BEEN DEFINED IN THE MAIN PROGRAM
C
C

INTEGER AREAUAlA2,CRT
1 FORMATC2X,7EI0.3)
2 FORKATC5X,315)

CRTzG
LSITu3

C PAIJSEIPAUSE AFTER YOU ENTER REGFLOW'
C WRITE(CRT.1) PC4)*P(5)*PC6)9 PC7)
C PAAJSE'PAUSE AFTER YOU PRINT YOUR Ps'
C

00 1000 AREA.2,3
AIU2*AREA IAl is AREA 4 or 6
A2=A1*1 IAZ is AREA 5 or 7

C WRITECCRT,2) A1,A2,AREA
C PAUSE'PAIJSE TO LOOK AT A1,A2,AREA AS YOU ENTER REGFLOWO
C
C THE ITERATION DETERMINES THE FLOW IN AREA Al. NEED TWO GUESSES FOR
C THE FLOW IN AREA Al TO GET THE ITERATION PROCESS (METHOD OF FALSE
C POSITION) STARTED. FIRST GUESS IS 02 AND IT IS BASED ON THE LATEST
C GUESS FOR Q(2) FROM PROG MAIN. Ols ARE CALCULATED IN PRESSLS FOR
C THE CASE LSITx1.
C

02=01 Al)
C
C NOTE:THE DPI. FOR THIS GUESS WERE CALCULATED JUST BEFORE THE MAIN
C PROGRAM ENTERED REGFLOW. THE ITERATION FUNCTION (F)IS THE ERROR
C WHEN EQ. 3.32 IS NOT PROPERLY BALANCED.
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C
04P(A1 )-P(A2)-DPGRAV(AI)
FZuG+(DPitCA2) -DftCA1)
AF2uABS( F2)
IFCAF2.LT.CHECKP)GOTO 500

C
C GET SECOND GUESS FOR FLOW To AREA Al
C

IF(F2.GT.O.OO) 03al.0Z*02
IF(F2.LT.O.O0) Q3=0.9P02

C WRITE(CRT.1) 02,Q3,F2
C PMISE'PAUJSE TO LOOK AT Q?.039F2 FROM THE FIRST GUESS FOR Q(A)'

LCOUSITul
200 FlmF2

Q¶uQ2
GZ-03
CALL PRESSLSCA1 .A2,LSIT,02)
F~uG*(DPR(AZ)OPRCA1))
AF2=MSC F2)
LC0UNTmLCOUNT,¶

C WRITE(CRT.2) LCOUNT
C WEITE(CRT,1) Q1,Q2,F1*F2
C PAAJSEIPAUSE AFTER O¶.02.FI.F2'

IF(AF2.LT.CNECKP) COTO 500
C
C GET NEXT VALUE OF FLOW TO AREA Al
C

43w(Q1*F2.O2*FI)/(F2-F1)
GOTO 200

SO0 CONTINUE
@CAl)=02
Q(A2)xQGCAREA) -02

C WRITE(CRT,2) A1,A2
C WRITE(CRT.1) QCA1),QCA2)
C PAUSE'PAUSE AFTER AI.A2,0CAI,O(A2): ITERATION FINISHED1II'
1000 CONTINUE

RETURN
END
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Appendix C - 4
Corvection-DiffusioD Model

PROGRAM CONDIF

DIMENSION cC4. 501), CdLv(4,501),

*N(101),F(101),TNETAI(IO1),TNETA2CiOl).
*GCIO¶).ALPKAI(IOl ).ALPNA2C1O1),SETAI(IOI ),STA2(101),
* 31C0I).B2C10I).U3CIOI),.K(I01)

COISIO AVTOA0,0T.DTH.DZ,TIDVOL.VLTTL.TD.A(IOI),
"*A(101).VZ(101) AVZC201),FA(201),FAZ(201),VOWCC(1

5l),

*FLOWC501).VoLiN(SO1).ZC4.501),R~be(4),RVO(
4).RV(4),

*IMAXI,TVAWiLC1O1).AWIC1O1),AsO(101)eV(lS¶),FLiv(
151),

*VsaC15I),SD,CtrscthO

6 FORMAT C1OX,BE13.5)

INAX6101 iNumber of discrete points on the gern coordinate sys

INAX1INAX ¶1

CALL FLOWWWkAX, KE INS, VSTART)

CALL CE04(VSTART,INAX)

C INITIALIZE VARIABLES

DO 20 ImI1.NAX
CCL.I)00.?S
CO(0)SO. 78

20 CatvCLI)m0.78
Ctrach030. 73

CinnO.0 lConcentratiofl of NdZ in the inspfried gas

D100.25 lNoLecutar diffusion coefficient for N2

FLUX=0.0
015JT~m1 .0
DZS=0Z**2
DZNODZ/2.
T*0.0
US0
PmDZS/OT

00 100 Iu1,INAX
HdI)wACI)/AWLCI)
FCI)uACI)*AMLCI)
TNETA1I( )u2AsoCI )*DUCCA(I )124SD)*Vsa( ))

100 THETA2CI )m0T/C2.0OVsaC I))

00 2000 IC=2,DNA

TwT+OT
CWOTHOcMNOUTH
QOwFLOUCK- I)
DO 1S0 L-1,4
CCL, 1)w0.0
IF (VOLINCK).GT.TV) CCL,1)=Cin

150 CONTINUE
Dim 0.37*ABSSFLOVCK))*AWC1I)/VZ(l )IOZ
IF COO.GT.0.O.AND.K.GE.KEINS)

* CALL EWTRANCK,KEINS,Q0.OGJUTH,C(L. 1), FLUX)

DO 1000 1.1,4
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C S IS THE LINEAR SCALING FACTOR BETWEEN THE PREENT VOLU1IE OF REGION L.
C AND WEIhEL'S ANATOMICAL LUllG MODEL DATA.

IF(K.GT.2) GOTO 170
Su(Rtbs(L)/VOW)*C 1./3.)
S2aS**2

170 CONTINUJE

SO2-S2

Vreg4RVOCL)*.5'CZCL,K-t)-FLOCK-1 )'ZCL,K)-FLOWCK))
Su((4.0OVreg)/VOW)'Ct ./3.)
52wS**2
53=S**3

00 200 I.1,INAXI

Cs(I)=(COCI$+Cov(L. I))/2.0
sac(l).ZCL.K)PFLOM(K)'CI .-FoLv(I))

200 CONT INUE

00 300 I-21 IMAX1

ALPNAICI)uSO*CCOL)I(S3-THETA2(1)'QsacI).S*THETA1CZ7))
ALPNA2(I)m(THETA2(1)'Osa(I)-S*TNETACI l))I

C53-TNETAZ I )*Qa I 1)*S*TIETA1 CI))
UETA1(I)sVaa(1)/DZC5$3'ALPHACIl)-503*CsoC I))

300 ETAZCI)uVaa(I )/0ZO53*A1PHA2C I))

C CALCULATE THE COEFFICIENTS TO THE DIFFERENTIAL EQ

D0 400 1.2. INAXI

51(1 )sC6(I)e4(I-1))/2.0ODZHQt(11)

400 B4C1)aP*CS*FCI)*C0(I)-3ETA1(1))

C SET THE BOUNDARY CONDITIONS AN 1.1 AND AT IxINAX

*1C1)0.0
B2C1)u1.0
54(1)OC(L*1)
IF CQ0.L.T.0.) B1C1)zl.O
IF CQO.L.T.0.) S4C1)=FLUX/D1
B2(IPAX)s1.0
*3CINAX)sl.0
B4I.CINAX)uO.0

C SOLVE THE TRIDIAGONL M4ATRIX TO GET THE CONCENTRATIONS ALONG THE
C THE AIRWAY WITHIN THIS REGION (C(L))

DO 500 11l,INAX
500 CCCI)-CCL.I)

CALL SOLVECB1,B2,93,54, IMAX,CC)

00 600 IslINIAX

600 C(L.I)wCCCI)

IF QOD.GT.O.O) CALL ENTRANCK,KEINS,QO.OCMOTH,CCLU1).FLUX)
1000 CONTINUJE
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200 CONTINUE
STOP,

KMIOUT INE GEM(VSTART, IMAX)

c THis anJUJime cALCULATES THE ANATOMICAL VARIABLES ThAT ARE USED IN
C TNE CONVECTIOM/DIFFUSION MODEL

COh6ON AVTO,AO.DTDTN.DZTIDVWLVLTTL,TD.AC¶O1).
"* AVCIOI). VZ(1O1).AVZ(201), A(201), FAZ(201), VOW. CCC151),
*FLOIKSOI).VOLIHCS0t),ZCA.501),RbsgC4).RVOC4).RVC4).
"* IMAX1,TV,AULCIO1)*NQC1O¶)*Aso(1O1).V(151),Falv(151),
" Vsa(151)*SD.CtrachO

DIIUNION Vatv(1St).Svalv(151).SvalvZ~lst).Sawl~lsl),SawIZCllt)

C INPUT THE ANATOMICAL DATA

TDUI1.8
TLUU22.0

READCS,I) (AIIL(M).Nul,23)
EEAD(5.1) (ANDCH).N=1,23)

I FOUIATC13F6.3)
2 FOUITC7FII.0)

D0 10 Nu¶,16
10 VAlv(NM).0.

READCS.1) (Valv(M),N*17,23)IAlvsolar volume per generation

$D=0.032 M~ac Depth in cm
Valimit-0.00002671 IVolium of an ALveolar UNIT cK3
Amp. 0.00052 Wase of a SaeeOWening

C INTERPOLATE TNE ANATOMICAL DATA FROM THE 23 GERNERATION GRID
C TO A FINER GRID OF INAXPOINTS.

FIMAXIsINAXI
DZmZ3./FIPAXI

Asoll)=0.0
SValv(l )8O.0
SVcaMM0.O
V(1 )=0.0
AC )=0.0
tawt(1)=0.0

DO 20 N*2.24
Soul (N)-Sawl (%-1)+AIJL(M) ISumed twugth of canductin airways
FIR3S.(2**N)/4.0 10 of airways/gen in a region
ACM)uFNWI3.1416*(NW(N)*2)/4.ICrosa-smctionaI area of con aui
SVcasimlVcaw4iA(N)*AULCN) Ikumsd vat of can airways
SValv(N)uSValv(U-1).ValvCN)lSumad vat of alveoli

20 VCU)@dVaLv(N)+Svcaw ISu.mmd vol of alveoli and airways

D0 25 NuID24
Fatv(N)aVatvCM)/VC24) lAtveolar vol/gen as a fraction of tot vol

25 FA(N)*Vtu)/VC21.) IFraction of the total volume

CALL DEIV(FA.24,1.0.FAZ)
CALL DERIV(SVatv,24,.1 .0.SValvZ)
CALL OERIV(SswI,24,1.OSaw(Z)
CALL DERIVCV,24,1.0,VZ)
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DO 28 Mul.21.
IF (N.LT.17) SVaivZ(U)00.O

28 IF (FA(M).GT.1.O) FACN)ul.O

D0 50 N=2.24
NsacwSVaLvZCN)/(4.O*VaLuimt) It of sees per generation in a region
Ao(N)wAsep'Usc hffegionet Area of sac openings/generation

so A(MOuVZN)/SaSiAN)

CALL INTERP(FA,24.1 .O.INAX.OZ)
CALL INTERtP(FAZ,24,1.0,INAX,DZ)
CALL INTERP(SV*IvZ,24,1.D,IKAX.DZ)
CALL IUTERPCSSNLZ.24,1.O,IMAXOZ)
CALL INTERPCVZ.24.1.O.INAX.DZ)
CALL INTERP(A,24,1.0,INAX,DZ)
CALL INTERP(V,24, 1.0. ENAX,DZ)

C WCALE WEKIES DATA TO SUBECT'S LUjNG STARTING LUNG VOLUME

V4W.3S45.
WCALE*(VSTART/VOW)*(1 .13.)

C
C CALCULATE THE NEW TRACHEA GEOMETRIES
C

Th.TDWlSCALE
TLuTUPSCALE
AO.3. 1416VTD**2/4.
TVTL*AO

99 FORMAT C11E11.3)
-'ULRN
END

SURRSJINE FLOWWIAX,KEINS,VSTART)

C THIS MOUTINE READS IN THE FLOW AT THE MOUTH, AND THE REGIONAL
C FLOWS AND VOLLWS THAT WERE CALCUILATED IN THE VENTILATION MODEL

COMMON AVTO,AO,DT,DTH,DZ,TIOVOL,VLT,TL,TD,A(IO1),
- AVCIO1),VZC1O1).AVZC2O1).FA(201).FAZ(201).VOWcCClIS),
*FLOIKSO1),VOLIUCSO1),Z(4,SO1),Rbeg(1.).RVO(4),RV(4),
* INAXI,TV,AWL(101),AWDC101),Aso(lOl),V(151),Fatv(151),
* Vsa(151),30.CtreacO

INTEIER CRT
CUTN.

1 FOWATCI3.FT.Z1 F?.1)
2 POWAT(9F8.1)
3 FORMATC3X, 15)

C READ TNE FLOW DATA FROM THE DATA FILE CALLED FLOW.DAT
C MNAX a # OF FLOW DATA POINTS FROM EXPERIMENTAL RECORD
C VSTART a GAS VLWUI OF LUNG AT START OF INHALATION
C OTC w TINE INCREMENT FOR MEASUIRED FLOW DATA
C TIMVO a MEASURE TIDAL VOUME
C RV(L)x REGIONAL VOLIIIES FOR REGIONS Lw1,4
C FLOW(J) N EARED FLOWS AT THE MOUTH
C Z(L.J) uFRACTION OF FLOW GOING TO EACH REGION L AT TIME J

C INPUT FLOW DATA
C

vi5es
C OPEN INPUT FILE 'EXPFLOW.DATI

OPI(UIS,FILEs'EXPFLOW.OAT')
READ(N15,l) JPMA,DTC,TIDVOL

500



"Progra CONDIF.FOR

READ(N15D2) CRVCL).LN1.4)

VSTARtTuRV(1 )*RV(2)*RV(3)*RV(4)
D0 40 L=1,4

40 Rbag(L)ORVCL) Slet beginning vo~tumes for each Region L

READCNIS,2) CFLOW(J).J.1.JNAX)
00 SO Lul,4

50 *E*D(MIS,Z) CZCL.J),Jmi.JNAX)

C WRITE(CRT,I) JNAX,VSTART,DTC.TIDVOL
C WITE(CRT,2) CFLOW(J),Jul,JMAX)
C PMNIUEPAUSE TO LOOK AT JNAX,VSTART,DTC,TIDVOL AND FLOWS'
C
C DETERMINE WHERE THE MEASUED DATA BECOMES NEGATIVE, JEINS

Jua
100 J.J*1

IF(FLOW(J).GE.O.O) COTO 100
JEINS.J

C INTERPRET FLOW DATA TO A FINER KMAX GRID. THE TINE STEP FOR THIS
C IS BASED ON AN AVERAGE VOLUME INCREMENT OF DELVOL DURING THE INHALATION
C PART OF THE MRATH.

JNAXI=JIAX-1
TNAXBDTCOJNAX1
DELVOLaZO.O av~erage volime increment in cc's for time step DT
TINEINN a (JEINS-1)*TC
DTuTIMEINM*CDELVOL/TIDVOL)
INAXIUTVAMXT
DTuTIW(/IOAXI

DTNODT/2.O

CALL INTERP(FLOW JlMAX,DTC,KMAX,DT)

WRITE(CRT.2) CFLOW(I),I.¶.KNAX)
WRITECCRT,2) DTC,DT
PAUSE'PAUSE TO LOOK AT FLOWS AND DTC AND DT IN SUB FLOW'1

C
C DETERMINE WHEN THE FLOW FIRST BECOMES NEGATIVE, THE END OF INHALATION.
C LOOK FOR ICHECK FLOWS LESS THAN ZERO.

C~x

150 KuK+1
C WHITECCRT,3)K

IF(FLOW(K).GT.O) GOTO 200
KCaKC.1
IFCKC.EG.KCNECK) COTO 250
GOMO 150

am0 KCSO
G070 150

250 KEINSK-CKCHECK-1)
C PPJJSE'PAMSE TO LOOK AT ALL THE X&'

C INTEGRATE FLOWS TO GET TIDAL VOLUMGE BASED ON FLOW DATA (F~TDVOL)

IEINS;1KEINS- 1
FTIDOLmO.O
00 300 Ka1,KEINS1

300 FTIDVOL-FTIDVOL4OTH'CFLOW(K).FLOWCK.1))
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C NORMALIZE THE FLOWS WITH RESPECT TO THE MEASURED TIDAL VOLUME

SCALEOTIOV5./FTIOVODL
00 600 KwlKNAX

600 FLOU(K)SCALEFLOW(K)

C CALCULATE THE INHALD YLUlE (VOLIS) EASED ON THE SCALED FLOWS

VOuNct)MO.O
D0 500 K=2,WOAX

500 YOUNM(K).VOIN(K-l )OTHC(FLOU(K-1 )*FLOW(K))

C WRITECCRT,2) CFLOW(K),KO1,OIAX)
C WRITE(CRT,2) (V0LIM(K),Ku1.KNAX)
C PAAJSEOPAUSE TO LOOK AT FLOW(K) AND VOLINCK) IN SUE FLOWM'

RETURN
END

C---------------------------------------------------------------.......
SUBROUTINE EJITRAN(K,KEIN9,0O,OIOUTH,CTRACH, FLUX)

I'uMON AVTO,AO.DT,DTN,DZ,TIDVOLVLT,TL,TD.A(IO1),
"* AVC101),VZ(101).AVZ(201).FA(201).FAZC201),VOW,cCC151),

F LOIKSO1).VOLINC5O1),Z('.,501),Rbsgc6).RVOC6),VRC4),
"* INAXI.TV*AIL(101)*ANI(101).Aso1O1),VCISI),Fetv(151),
*VsC1S1),UD,CtrschO

DIENSION C(201 ),CO(201).SDcC(2O)

MO.A3SCPLGKK))
EETOiAOOT/AO/O. IS
FKO.05I(LI60ALOGCRET)-3.6)
ORFKTDWAOOAO
IMAX-21
INAX1ISNAX-1
FINAXIsINAXI
OXeTL/FPIAXI
#Tsl .+2.*MT/DX**2
FMTsNT
L=0.5+(MGO/AO)'DT/FNT/DX
FLuL
DX=(AMOIAO)*CDTIFNT)/FL
OX2DX**2
IMAX=TLIDX+1.5
IMAXiuIKAX- 1
PuDbCDT/FNT)/DX**2
WRITE (6,18) NTINAX,L,DX,DP 9OIOUTNCTRACH

18 FORMAT (5X,315,SE14.3)
L1=L*1
IMLwIMAX-L
INLlulNL.1
-WIJEINS
DO 15 1u1,INAX

I5 C(I)wO.O
20 CONTIVUE

IGOmMIAO
UCV 1I(K- 1)flhLJI
JCTC1*1*(NCIC- 1)+NUNJ
IF CK.EG.JCYCI) CC1)u0-Cl.CC))/2.
CTACN)MC(IMAX)

110 25 Iwl.INAX
25 CO(I)wCCI)

00 30 in2.INAx1
30 UDC(J).oW(Z-1)-2.*C0(I).CO(J.1)

3CC1)ml.-2.*C0(1)+COC2)
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SDCC INAX)WCC INAXI)
IF (IQ00.LT.0) 00 TO 40
DO 32 WIu.L

32 CCI)ul.0
0O 35 IsLlIMIAX
Kal -L

35 C(I)ucO(K)+"SDCCK)
CTRACNUCC ENAX)
00 TO 60

40 CONTINUE
C(INAX)nCtrech0 +N(CTRACH-Ctrach0)/FNT
DO 50 I10,141
KuI*L

50 Ctl)mcOCK)+PS*cK)
D0 55 IsINL,1,NAX
P.C I*INL)/FL

55 CCI )CO(1INAX).F*CCC IMAX)-COC INX))
60 CONTRINE
80 CMITINE

FLUXW4CCINAX)-CC IPAX-1))/OX
CNOUTNmCC1)

90 FORMAT (10111.3)
100 CONTIUNE

SIUUUTINE INTERPCY.INAX1,DX1INAX2*DX2)

DIMENSION VC20 ) .X (201) .X2C2O ) ,Y2C201)

DO 10 Ilu1.INAX1
10 X1CII).(I1-1)*Oxl

DO 20 I2a1.INAX
20 X2CIZ).(12-1)*0X2

DO 30 12=1.INAI
I lsUX( 2)/DX1'OX1/2.
11811+1
IF (11.10.1) 11-2
If (I1.EO.INAXI) IlwIMAX1-1
Ua(X2C12)-XICII))/DXI
oisycII.1)-1cI1-1)
02wY(I111)-2.*YCI1).rCI1-1)

30 Y2C12)wYCI1)+.5*D1".5*D2*UP'2
DO 40 1281,IMA2

40 Y(12)aY2C12)
RETURN
END

C...........................................................------
SUNROUTINE SOLVE(A.1.C.O 1 NtR,&1)
DIMENSION AC20l)*S(201),CC201),DC201),U(2O1)
ACI)xA~l)/I(l)
D(l)uO(1)/3(1)
A(MIJN)=O.0
U(IPJI'1)0O.
Do 10 mu2,uws
A(U)sACN)1C301)-CCN)*A(N- 1))

10 D(N)u(DCU)4CCN)'DCN-1 ))/C(SN)-C(N)'ACN- 1))
D0 20 NIl.NuN
KoULWI1-M

20. UCK)nA(K)*UCK.1 )+CK)
RETURN
ENm

C.................................................................
SUURUTIII OERIVCFUN,NUN,H,DFUM)
DIMENSION FUW(201)*DFUNC201)
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MIUN-2
DPUN( )a(.25.0*PJM0l)/12. 0*4. OOUN(2)-3. O*RMC3$4. OFtNC4)/3.O0

DPUU(Z)uC-FUUCI )j4.O-5 .O*FtU(2)/6.043.O*FtU(3)/Z.O-FRm(4)/2.O

DO 10 Nm3.N
10 D1UW)(U(.)1.-.FNM /.4.FSC4 /.

* -PUMN+I2)/12.0)/N
DRJU(UIM-1 )nUQINLMm)/4.045.0*FW(NMIU-l 6.O-3.O'FUuNuN.-2)/2.O

* *~FUuNIMM-3)/2.0-FUN(NIB-4)/12.O)/H

0FLUCIU)=(2S.0OFtUN(I.)/l?.04.OFtWCNWM- 1)+3.O*FUN(NWI-2)
* -4.O*FUNCWJ6-3)/3.04FUN(MM-4)/4..O)IN

REURN
EmD

504



APPENDEX D

Cardiovascular Computer Programs

505



506

.. ... . . ..



Appendix D
Cardiovascular Computer Programs

PROGRAM CVMODEL

C ...
C... PROGRAM CVNODEL CALLS: (1) SUBROUTINE INITAL TO DEFINE THE ODE
C... INITAL CONDITIONS, (2) SUBROUTINE RKF45 TO INTEGRATE THE ODES,
C... AND (3) SUBROUTINE PRINT TO PRINT THE SOLUTION.
C...
C... THE FOLLOWING CODING IS FOR 500 ODES. IF NONE ODES ARE TO BE INTE-
C... GRATED. ALL OF THE 5O'S SHOULD BE CHANGED TO THE REWUIRED NUMBER

INPLICIT DOUBLE PRECISION (A-N), DOULE PRECISION (O-Z)
INTEGER NI, NO, NEON, NSTOP. NORUN
COMMON/T/ T, NSTOP, NMOR, PP, TIM

1 /Y/ Y(500)
2 IF/ F(500)

C ...
C... THE IWNUER OF DIFFERENTIAL EQUATIONS IS IN CONJOR/N/ FOR USE IN
C... SUBROUTINE FCR

COIIONIN/ NEON I TWO EQUATIONS PER VASCULAR SEGMENT
C ...
C... COMMER AREA TO PROVIDE THE INPUT/OUTPUT UNIT NUMBERS TO OTHER
C... SUBROUTINES

COlUION/I0/ mi. NO
C ...
C... ABSOLUTE DIMENSIONING OF THE ARRAYS REQUIRED BY RKF45
C...
C... THE USER MUST PROVIDE STORAGE IN HIS CALLING PROGRAM FOR THE ARRAYS
C... IN THE CALL LIST Y(NEQN) , UORK(346-NEQN) , IWORK(S) ,
C... DECLARE F IN AN EXTERNAL STATEMENT, SUPPLY SUBROUTINE F(T,Y,YP) AND

DOUBLE PRECISION YVW500). WOK(3500)
INTEGER IWORK(5)

C ...
C... EXTERNAL THE DERIVATIVE ROUTINE CALLED BY RKF45
C...

EXTERNAL FCN
C...
C... ARRAY FOR THE TITLE (FIRST LINE OF DATA), CHARACTERS END OF RUNS

CHARACTER TITLE(20)'4, ENDUN(3)-4
C...
C... DEFINE THE CHARACTERS END OF RUNS

DATA ENDRUN/'END ','OF R','UNS I/
C ...
C... DEFINE THE INPUT/OUTPUT UNIT NUMBERS

Niss
NO=6

C ...
C... OPEN INPUT AND OUTPUT FILES

OPfN(NI, FILEm'CVDATA.DAT')
OPEN(NO,FILEa'CVOPUT.TXT' ,BLOCKSIZEu2O48)

C ...
C... INITIALIZE THE RUN COUNTER

NORUNUO
C ...
C... BEGIN A RUN
I NOiRNNEMARt1
C ...
C... INITIALIZE THE RUN TERMINATION VARIABLE

NSTOPWOC...

C... READ THE FIRST LINE OF DATA
C...

READ(NI,10OOENDO99) (TITLE(|), I x 1, 20)
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C...
C... TEST FOR END OF RUNS IN THE DATA
C...

DO 2 1 a 1. 3
IF(TITLE(i) .ME. ENDRUN(I)) GO TO 3

2 CONTINUE
C...

C... AN END OF RUNS HAS BEEN READ, SO TERMINATE EXECUTION
999 STOP
C...
C... READ THE SECOND LINE OF DATA
C...
3 READ(NI,',ENDO999) TO. TF, TP

C... READ THE THIRD LINE OF DATA
C...

READ(NI.*.END&999) NEON, ERROR
C ...
C... PRINT A DATA SUMMARY

WIITE(NO,1003)NORUN,(TITLE(I), I 1, 20),
1 TO. TF, TP,
2 MEON, ERROR
W*ITE(C,1003) NORUN, (TITLE(I), I 8 1, 20),

1 TO, TF, TP,
2 NEON, ERROR

C...

C... INITIALIZE TINE
T a TO

C...
C... SET THE INITIAL CONDITIONS

CALL INITAL
C...
C... SET THE INITIAL DERIVATIVES (FOR POSSIBLE PRINTING)

CALL DERV
C...
C... PRINT THE INITIAL CONDITIONS

CALL PRINT(NI, NO)
C...
C... SET THE INITIAL CONDITIONS FOR SUBROUTINE RKF45

TV a TO
D0 5 I a 1, NEON
YV(I) a Y(I)

5 CONTINUE
C•...
C... SET THE PARAMETERS FOR SUBROUTINE RKF45
C...
C... FIRST CALL TO RKF45
C...

RELERN a ERROR
AISEUR a ERROR
IFLAG a I
TOUT a TO + TP

C...
C... CALL SUBROUTINE RKF45 TO START THE SOLUTION FROM THE INITIAL
C... CONDITION (IFLAG a 1) OR COMPUTE THE SOLUTION TO THE NEXT PRINT
C... POINT CIFLAG a 2)
C...
4 CALL RIF4S(FCN,NEON,YV,TV,TOUT,RELERR,ASSERR, IFLAG,WORK, IUORK)
C ...
C... PRINT THE SOLUTION AT THE NEXT PRINT POINT
Ce..

T&TV
TOUT a TV + TP
PRINT *,"Tim * T
DO 6 1 a 1, NEON
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Y(I) a YV(I)
6 CONTINUE

CALL DERV
CALL PRINT(NI,NO)

C ...
C... TEST FOR AN ERROR CONDITION

IF(IFLAG .ME. 2) THEN
C ...
C... PRINT A MESSAGE INDICATING AN ERROR CONDITION

UEITE(NO1,004) IFLAG
C ...
C... GO ON TO THE NEXT RUN

GO TO I
END IF

C...
C... CHECK FOR A RUN TERMINATION

IF(NSTOP .ME. 0) W TO I
C ...
C... CHECK FOR THE END OF THE RU
C ...

IF(TV .LT. (TF - 0.5OONTP)) GO TO 4
C...
C... THE CURRENT RUN IS COMPLETE, SO GO ON TO THE NEXT RUN

GO TO I
C ...
C ...
C ...
C... FORMATS
C...
1000 FONNAT(20A4)
1001 FOSAT(3E1O.O)
1002 FORIAT(J3,2OX,E1O.O)
1003 FORNAT(IH1,

1 ' RUN NO. - ',I3,2X,20A4,//,
2 ' INITIAL T - 0,EIO.3,//,
3 1 FINAL T - ',EIO.3,//,
4 ' PRINT T - '.E1O.3.//.
5 ' IINBER OF DIFFERENTIAL EQUATIONS ',15,//,
6 M NAXIMUM INTEGRATION ERROR - I,ElO.3,//,
7 II)

1004 FORMAT(1N ",//l IFLAG z 0@13,//,
1 ' INDICATING AN INTEGRATION ERROR, SO THE CURRENT RUN' ,/,
2 ' IS TERMINATED. PLEASE REFER TO THE DOCUMENTATION FOR' ,/1
3 ' SUBROUTINE',//,25X,'RKF45'.//,
4 ' FOR AN EXPLANATION OF THESE ERROR INDICATORS'

END
SUBROUTINE FCN(TV,YVYDOT)

C...
C... SUBROUTINE FCIi IS AN INTERFACE ROUTINE BETWEEN SUBROUTINES RKF45
C... AND DERV
C ...
C... NOTE THAT THE SIZE OF ARRAYS Y AND F IN THE FOLLOWING COMMON AREA
C... IS ACTUALLY SET BY THE CORRESPONDING COMM STATEMENT IN MAIN
C... PROGRAM NEADHIT

IMPLICIT DOUBLE PRECISION (A-H), DOUBLE PRECISION (O-Z)
INTEGER NEON. NSTOP, NORUN
COIMON/T/ T, NSTOP, NORUN

1 /Y/ Y(SOO)
2 IF/ F(500)

C...
C..'. THE NUMBER OF DIFFERENTIAL EQUATIONS IS AVAILABLE THROUGH COMM
C... INM

COMMON/N/ NEON
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C... ABSOLUTE DIMENSION THE DEPENDENT VARIABLE, DERIVATIVE VECTORS
DOUBLE PRECISION YV(500), YDOT(500)

C ...
C... TRANSFER THE INDEPENDENT VARIABLE, DEPENDENT VARIABLE VECTOR
C... FOR USE IN SUBROUTINE DERV
C...

T TV
DO 1 1 * 1, NEON

YCI) * YV(I)
I CONTINUE
C...
C... EVALUATE THE DERIVATIVE VECTOR
C...

CALL DERV
C...
C... TRANSFER THE DERIVATIVE VECTOR FOR USE BY SUBROUTINE RKF4S
C...

DO 2 1 x 1, NEON
YDOT(I) a FCI)

2 CONTINUE
RETURN
EWO
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DECK CVSUBS.FOR - SUBROUTINES REQUIRED TO IMPLEMENT A DYNAMIC MODEL OF THE
HUMAN

C... CARDIOVASOJLAR SYSTEM
C...
C... LAST REVISION: 1/22/94
C•...

SUMOUT INE INITIAL
C ...
C... THE model described herein paraLtlets 'he development presented In a paper by
C... White. RJ, Craston, RC and FltzjerreLL, DG. Cardiovascular Modelling: Simulating
C... the 1h in CardiovascuLar Response to Exercise, Lower Body Negative Pressure, Zero
C... Gravity end ClinicaL Conditions. Adv. Cardiovesc. Phys. (Part 1), pp. 195-229 (Karger,
C... Basal 1963). it also draws from papers by Jaron, et eL who took a similar approach
C.. In particular onny of the parameter values for the physical properties of the segments
C... were taken from:
C ...
C... Jaron, 0, Moore, TW, and Sal, J. Cardiovascular Reaponse to Acceleration Stress:
C... A Computer Simulation. Proceedings of the IEEE, Vot 76, No 6, pp. 700-707 (1988).
C...
C... However, same of the parameters Listed in Jsron were clearly in error. Where new
C... parameters were required they were derived to yield generaLly acceptable
C... ftow/prlssure/votume and compliance characteristics of the various
C... cardiovascular subdivisions. in particuter, data from
C ...
C... Burton, Alan, C. Physiology and Biophysics of the Circulation. Year
C... look Medical PubLishers, Inc. Chicago. IL (1965)
C..'.
C... and,
C ...
C,.. Gurton, A.C. Textbook of Medical Physiology. 7th Ed..
C... W.I. Sanmders, PhiladeLphia, PA. (1985).
C...
C... The model describes the spatial and temporaL variation in the mean
C... blood pressure alonm the z-axis of the body. The model neglects the
C... non-tinesr and convective term in the Navier-Stokes Equation. The
C... mdalt also aseams negligible radial flow. The flow is assuimed Laminer
C... except in the ascending an descending aorta where fluid flow resis-
C... tance multiplied by 33 to account for turbulent pressure Losses.
C...
C... NOTE: THE SUBSCRIPT NOTATION INDICATES PARTIAL DERIVATIVE WRT THE
C... SUBSCRIPT E.G. Xt -R THE FIRST PARTIAL OF X WRT TIME
C... IN THIS MODEL:
C...
C... t a Time Esec)
C... r z Radius of vascular segment [mI
C... t a Length of vascular segment Eel
C... rhoO a density of blood Ckg/me3)
C... muO a viscosity of blood rN-sec/r^2]
C ...
C... MODEL FOR ARTERIAL SEGMENTS
C...
C... The following set of simuLtaneous equations are solved f Bch
C... arterial vascular segment.
C ...
C... Pt(t) 1I/C*CQin(t) - Qout(t)) + R2*(Qtin -Qtcut)
C... ft(t) a 1/L*(Pfn(t) - Pout(t) + PGz - R*Q(t))
C... rt(t) - 1/(2*Pi*r*t)*(Qin(t) - Qout(t))
C...
C... Whre,
C...
C... P a The pressure in the segment (Pal
C... 0 a The segmental volume flow (m^3/secl
C... C a The capecitance of the segment [m"3/Pal

511



Program CVSUSS.FOR

C... L a The Inertance of the segment rkg/mI.] or [Pa-sec':Z/mw31
C... Es a The viscous flow resistance in the segment Cml.
C... P0: a The hydrostatic pressure difference
C... across the segment because of gravity [Pa]
C ...
C ...
C... And, the following approximetions for Re, La, and Ca are taken from
C... a paper by
C...
C... Rideout, at at. Dfference-Differentlat Equations for Fluid
C... Flow in Distensible Tubes. IEEE Transactions on Bio-Medlcat
C... Enginhering. Vot INE-14, NO. 3, pp 171-177. Jut 1967.
C ...
C... IE a ai1wAi t/(Brpi*r^4)
C... La 9* rhoO*42/(4'VOL)
C... Ca 3*r*VOLt/(•'*Eh)
C...
C... wiere,
C ...
C... E = Young's modulus for vessel weLt [Pal
C... h a Vessel WaLL thickness [m].
C ...
C... Finally,
C ...
C... Pz w hoO*gOlt*cos(theta).
C...
C... Whore,
C...
C... Qz a The z-axis "G-leveL* in units of earth's gravity [unitLess]
C... 90 a The earth's gravitational acceleration Cm/secC2]
C... theta a The angle between the segment and the z-axis (rediansi.
C...
C ...
C... NMOEL PO VENOUS SEUNENTS
C ...
C... The model for venous segments was adapted from
C...
C... Sn~dhr, at at. Computer Simulation Studies of
C... Venous Circulation. IEEE Trans Sio-Ned Engr Vol UME-16.
C... NO. 4 pp 325-334. Oct 1969.
C...
C... The unstressed Internal volume of a vascular segment in asstued to be
C...
C... V a Pi*rA2*t Wm31.
C...
C... When the contained volume, v, is greater than V, the transaural
C... pressure is assumed to be retated to the contained voltme by,
C...
C... dPwatt a 1/C'v.
C...
C... WhAre C is the vascular compliance as defined above. For v < V,
C...
C... dPwaL a 1/(20'C)*v.
C ...
C... In a collapsed or partially collapsed vein the flow-pressure
C... relationship based on an (assumed) elliptical cross-section
C... and Is given by
C ...
C... * Ot a I/Lv(Pin(t) - Pout(t) + PGz - Rv*O(t))
C...
C ... Where,
C ...
C... Lv a 9*rhoO*IA2/(4*v), mid
C...
C... I 81.mAO*pi^2*L^4*r^2/(8*v^3) for v < V
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C... Iv or
C... 81..iOl/(rpi*r^4) for v > or u V
C... I or 81*wJ.tA3/(C*v,2)
C....

C ....
C....

C ...
C.... PERIPHERAL CAPILLARY BEDS.
C ...
C ... Periphieral capillary resistance and capacitance
C ... are model led as Lumped pertmer models ("T" circuits)
C ... following the method of Jaron, et at (cited above).
C ...
C ...
C ...
C ... Re RV
C ... Pa o--/VVN--I--/VV\ --- o Pv
C ... I
C... - peripheraL
C ...
C ...
C ... Pesternal Cie P G-suit)
C..I
C... Prof (Atmospheric)
C ...
C ...
C ...
C ... PULMKINARY CIRCULATION
C...
C... The pulmonary circulation is modelled as a lutn ed
C... perameter mode apgin following Jarod ns method. The
C... model is a h P1e circuit as shoew below.
C...
C...
C... PrtvRnt Iput
C... PV ---- V,1--- /VV -- / -P"ft atriu
C... venous
C... return -rCpue

C... -I-
C ...*
C... Intra-Thoracic Pressure
C...
C...
C... CARDIAC CIRCULATION/OUTPUT
C...
C... The chaabera of the heart are modelled as variable capacitances
C... separated by one-way valves. The putmonic and aortic valves are
C... alao modelled as one-way valves. The general method of modelling
C... The heert and Its circulation follows the method of Snyder et at.
C ... Output flow from the Left atrium mnd left ventricle are modelled
C ... as simple half-wav rectified sinusoids whaose volume flows are
C ... estimated from pulmonary venous flow.
C...
C...
C... PRESSURE REFERE!C
C...
C ... The pressure reference for the model is located at the tni-cuspid
C... valve which prestumably tracks intrathoracic pressure.
C...
C...
C ... MODEL MECHANICS
C..,
C... For each vessel segment. three coupled non-linear differential
C... equations mat be solved simultaneously. There are 20 vascular
C... Tehts a (the pulmonary circuit is segeett 1). There are 10
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C... capillary bed segments modeLled as simple resistance and compliance
C... circuits which are affected directly by extra-vascular pressure.
C... The pressures and flows in the various segeonts ore coupled by
C... their spatial connection. The following table gives the
C... approxiemte anatomical Location and the corresponding z-axis
C... coordinate (measured from the tricuspid vetve) for each segment.
C... The z-axis coordinates were based on a 177 cm tell standing man.
C...
C... Arterial
C... Origin
C... Segment Anatomical Z-axis Peripheral
C... NIkir Location coordinate (cm) Bed
C . .. ----- - - - ---- ------- --- _ _ m m m

C... 1 Nid-PuLmoary 0 O
C... 2 Awcanding Aorta 0
C... 3 Descending Aorta 5
C... 4 Thoracic Aorta/Vans Cove -8 X
C... 5 DiophroLaaLer Lung -15
C... 6 RenaL/Hepetic -22 X
C... 7 Splanchnic -32 x
C... 8 Buttocks -42 X
C... 9 FmoraL is -50
C... 10 Mid Thigh -65 x
C... 11 Knes/PopLatesL - 80
C... 12 Calf -100 X
C... 13 Ankle -125
C... 14 Foot -132 x
C... 15 Aortic Arch 6
C... 16 Loaer Neck 15
C... 17 Carotid Sinus 25
C... 18 Ophthalmic 34 X
C... 19 Mid Brain 37
C... 20 Cerebral 42 X
C...
C ...
C ...
C... Initial Conditions (t a 0)
C...
C... The initial conditions for pressure, flow, Wd voltum are
C... set based on a steady-state solution for the model at 1 Gz
C... for a supine posture. For other postures, the initial theta's
C... for the segments must be changed.
C...
C... Postural and/or Gz changes during a simalation.
C ...
C... This can be most easily accomplished by adding time
C... varying profites for Cz and the theta's in SUBROUTINE DERV
C... which form the derivatives for CVNODEL.
C ...
C... THE NUMERICAL NETHOD OF LINES (C.E. SCNIESSER) IS EMPLOYED TO
C... INTEGRATE THE COUPLED DIFFERENTIAL EQUATIONS (DES).
C...
C... ODE COMMON
C ...
C... /Y/ tim variables
C... IF/ tim derivatives of variables
C... /R/ & /I/ reel and integer parameters required to define constants and
C... define the spatial integration grid.
C...

IMPLICIT OAUBLE PRECISION (A-H, O-Z)
PARMETER C(EQ z 20, NEPSEG a 10)
.INTEGER NSTOP, NOIUW, IP
INTEGER2 ALIN, ALOUT, VWIN, VLOUT, PVS, PIN, POUT
DOUBLE PRECISION MN2PA, muO
CONNON/T/ T, NSTOP, NORUN I Run Parameters

514



Program CVSUB.FOR

C....
C... Arrays for se•metal variables Pressure (P), Ftou(Q), and radii (r)
C ...

I /T/ 10P(4). C(4). I Heart's Chambers Maul
* AP(MEO), A0C1E1), Ar(NES), I Arterial P, 0, r
* VP(NCEO), HECQ). Vr(NEG), I Venous P. 0, r

S VOP(3), VMC3), I Venous fltom into heart
* PP(110), P•(MO), I Peripheral P, Ofn, Gout

C ...
C... Tim derivatives of the aesgantat variables: Pt, at, rt
C ...

2 /F/ HPtC4), I~t(4), I Heart's Chambers RAml
• APt(hUL), Aft(UES), Art(UEg), I Arterial Pt, at, rt
• VPt(NEQ), Vt(NIEQ), VrtCNEQ), I Venous Pt, at, rt
* VOPt(3), VOot(3), I Venous fltow into heart
• PPtCNEG), PQt(NEG), I Peripheral Pt, Gllt, GOUTt

C ...
C... Parsmaters necessary to form the differential equations
C...
C... Pt - 3.14159...
C... gO - 9.8066 Cim/s•2J earth's acceteration of gravity
C... rhaO - 1050. [kg/m3] density of whole blood (45% Nct) I Assumed
C... m= - 2.7 [Cop viscosity of whole blood (45% Nct)l Constant
C... 02R - pii180 [radlans/deree] scale factor
C ...

3 /I/ PI, gO, raio, mJO, D21t, I2A, 12, I Constants
• ZARCOUS), ZATCHES), ZVOCUEW), ZVTC(EQ), I Arterial I Venous
* TNETACNEG), iCAPC4), NVOLC4), VR(4), I Orientation angle
* ALOCI)G), ANO, AE(li0), Ah(HEQ), IAterial t, r, i, h
• ACAPCNEQ), AhES3CiE), AINERTCNEG), I Arterial Capacitance, resistance

VLO(iSM), VrOCNEG), VrU(NEG), I Venous L, r, rMISTI[SSED
* VCAPO(UE), VCAP(NES), VES(CUEG), VINEIRTCEQ), I Venous Capacitance, resistance, inertance
* PIACil), PRYCUWE), PCAP(NEQ), I Peripheral Re, Iv, C
• PINEMT(liE), POL(UES), I Peripheral 1, V
• PAO(NU[), PVOCNhb), I Initial P conditions
* fAOCS), G(RAEIN), I Initial a conditions
• AVOLC ), VWOL(iEQ), I A & V Volume
• PEXT(ICL), I Externally applied Pressure
* TO, iSTART, W1AX, TKRII, TIIM2, TNAX, GFIN, I G-Proflte parameters
• zG, a. ISrlm), VOPOChEG) I Gz & Delta P from G
4 /I/ IP, IDXPER(IPSG), I Peripheral Bed Indexes
• ALIiUCNE), ALOUTCNEQ), I Linkage Date arterial
• VLIN(UEO). VLOUT(NEQ), I Venous
• PINCHE), POUTCNEQ), I Peripheral
* PSCEG), I Number parallel venous segments
* IFOOTSEG, INEADSEG, IHEARTSEG I Foot, Head, & Heart eg runs

C ...
C... Note that artery output flow feeds artery input or peripheral bed
C... input, artery input coms only from arteries or the heart, venous
C... output flows to veins or the heart, venous input cams from veins
C... and/or peripherat beds, peripheral beds are fed only by arteries, and
C... feed only veins. The index (i) for an segment refers to its input
C... flow and pressure. The output pressure for a segment is
C... stored In P(ie+) and its output flow is stored at 0(001)
C ...
C ...
C... Defins Some Constants and Parameters
C...
C... Heart valve resistances
C ...

DATA NVIt/ 1.480+6, 1.41D+6, 2.960+6, 2.960+6/
C...
C... Heart chabr capacitances
C:...

DATA ICAPI 2.250-7, 6.55D-7, 1.12D-7, 3.280-7/
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C...
C... Arterial Segmnt Lenth (meters)
c....

DATA ALO/ 3.0-2. 3.0-2. 5.0-2. 7.0-2, 5.0-2,
* 12.0-2, 10.0-2, 8.0-2, 15.0-2, 20.0-2,
* 15.D-2, 25.0-2, 5.0-2, 2.0-2, 9.0-2,
* 10.0-2, 9.0-2. 3.0-2, 4.0-2, 1.0-2/

C...
C... ArteriaL Segmnt radii at t a 0 Caeters]
C... These radii are based on ftow resistance
C...

DATA ArU /6.000-3, 1.500-2, 1.000-2, 1.200-2. 1.000-2,
* 6.00-3, 5.500-3. 4.00-3, 3.500-3, 4.000-3,
* 2.800-3, 4.500-3, 2.750-3, 1.000-3. 6.000-3,
* 3.000-3, 3.0L0-3, 3.000-3, 3.0L0-3, 1.500-3/

C...
C... These radii ae based on capacitance and resistance
C ...
C... Yonlg's mcdluts for arteriat segment watts (Pa)
C ...

DATA AE / 2.5M.5, 5.0D+S, 5.00+5, 7.00+5, 7.00+5,
* 8.0045, 8.00.5, 8.00.5, 8.00.5, 1.00.6,
* 1.00.6, 1.00.6, 1.00*6, 1.00.6, 8.00.5,
* 8.0#5, 8.05, 8.0S,. 8.00+5, 8.00+5/

C-...
C... Vat1 thickness for arterial segmnts Cmaters)
C...

DATA Ah / 2.0-4, 16.0-4, 16.0-4, 14.0-4, 12.0-4,
* 12.D-4, 10.0-4, 10.0-4, 8.0-4, 8.0-4,
* 8.0-4, 6.0-4, 6.0-4, 5.0-4, 5.0-4,
* 6.0-4, 6.0-4, 6.D-4, 5.0-4, 5.D-4/

C... Nimber of paraLLeL venous paths in each segment
C ...

DATA PVS/ 4, 1, 1, 2, 4, 4, 4, 4, 2, 2,
* 2, 2, 4, 4, 2, 2, 4, 4, 4, 4/

C ...
C... Venou senent length [uters]

DATA Vl0/ 10.D-2, 2.0-2, 2.D-2, 10.0-2, 20.0-2,
* 50.0-2, 40.0-2, 32.0-2, 30.0-2, 40.0-2,
* 30.o-2, 40.D-2, 20.0-2, 8.D-2, 27.0-2,
* 20.0-2, 36.D-2, 12.0-2, 16.0-2, 4.0-2/

C...
C... InitiaL radii for Venous segment aewters)
C...

DATA VrU/ 5.00-3. 5.00-3, 5.00-3, 3.00-3, 3.50-3,
* 2.50-3, 4.00-3, 4.00-3, 3.00-3, 3.00-3,
* 3.50-3, 3.30-3, 2.50-3, 1.80-3, 4.50-3,
* 4.00-3, 4.00-3, 3.30-3, 3.00-3, 2.00-3/

C...
C... Venous capacitance (W3/Pa]
Co...

DATA VCAPO/ 5.00-8, 5.000-8, 1.000-8, 5.000-8, 5.00-8,
* 5.00-8, 5.000-8, 4.000-8, 3.000-8, 2.50-8,
* 8.00-8, 5.000-8, 5.000-8, 5.000-9, 2.00-8,
* 5.00-8, 8.000-8, 1.000-8, 1.000-8, 3.00-8/

C...
C... Peripheral Segmnt Indices (There ore 10 peripheral segments).
C...

DATA IDXPER / 1, 3, 6, 7, 8, 10, 12, 14, 18, 20/
C...
C... Peripheral Vascutar Capacftance Car•3/Pa)
C...

DATA PCAP/ 1.130-7, 0.00000. 3.75"-8, 0.0000, 0.00000,
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* 7.500-8, 1.130-7, 7.500-8, O.0000. 3.750-6.
* O.W000, 3.750-8, O.OODO0. 3.750-8, 0.00000,
* 0.00000, 0.00000, 3.750-8, 0.00000, 3.750-8/

C ...
C... Peripheral Vascular Resistance Arterial side CPa-sec/e3]
C... Assign 9.9099 to segments with no peripheral bed.
C ...

DATA PRA/ 1.200.7, 9.99099, 1.410*9, 9.99099, 9.99099,
* 1.390+9, 3.46D.8, 1.370+9, 9.99099, 1.340+9,
* 9.99099, 2.18D+9, 9.99099, 6.340D9, 9.99099,
* 9.99099, 9.99)99, 1.32D+10, 9.99D99, 6.670.6/

C ...
C... Peripheral Vascular Resistance VenoM side [Pa-sec/V3]
C... Assign 9.9099 to segments with no peripheral bed.

DATA PRV/ 1.33D+6, 9.99099, 1.56048, 9.99099, 9.99099.
* 1.54048, 3.83007, 1.520.8, 9.99099, 1.49048,
* 9.99099, 2.430.8, 9.99099, 7.0406, 9.99099,
* 9.99099, 9.99099, 1.4609, 9.99099, 7.42D+7/

C ...
C... Initialize extramurat pressure vector
C ...

DATA PEXT/ 0.00+2, O.O0.2, O.O02, 0.00+2, 0.00.2,
* 0.00+2, 0.00•2, 0.00+2, O.00.2, O.O0Z,
* 0.00.2, 0.00.2, O.OD2, 0.00.2, 0.00*2,
* O.O+2. 0.002, 0.00.0, 0.000.0, O.O+O/

C ...
C... Set initial flows CW31sec)
C ...
C... Arterial flows
C ...

DATA AO/ 8.970-5, 9.00-D5, 9.000-5, 6.500-5, 6.500-5,
* 6.500-5, 5.670-5, 2.330-5, 1.50D-5, 1.500-5,
* 6.670-6, 6.670-6, 1.671)-6, 1.670-6, 1.670-6,
* 1.670-5, 1.670-5, 1.670-5, 1.580-5, 1.580-5/

C ...
C... Venous flows
C ...

DATA VWI 9.000-5, 2.00D-5, ?.SOD-5, 7.000-5, 7.000-5,
* 6.500-5, 6.500-5, 2.33D-5, 1.000-5, 1.100-5,
* 4.700-6, 7.500-6, 4.500-6, 1.670-6, 1.670-5,
* 1.670-5, 1.670-5, 1.670-5, 1.580-5, 1.580-5/

C ...
C. .. Venous output flows into heart
C...

DATA W0O/ 9.0D-5, 1.70-5, 7.30-5/
C...
C... Peripheral flows
C...

DATA PC / 8.970-5, 0.00000, 8.330-6, O.OODO0, O.OOOO,
* 8.330-6, 3.330-5, 8.330-6, O.O0000, 8.330-6,
* O.000)0, 5.000-6, O.OO000, 1.670-6, 0.00000,
* O.OOOO0, O.00000, 8.330-7, 0.00000, 1.580-5/

C...
C... Initial tesrt Flow
C...

DATA NiO / 8.970-5, 8.970-5, 8.970-5, 8.97D-5/
C...
C... The following arrays code the linkage between vascular segments
C... Each segment link element contains the index of the next segment
C... in the cardiovascular tree. For eampte, ALIM(3) a 4, which
C... means arterial segment 3 feeds arterial segment 4. Segment -1 codes
C... for terminal peripheral beds for arteries and for the heart for veins.
C...
C... SEGMENT Al A2 A3 M AS A6 A7 A8 A9 A1O All A12 A13 A14
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C ...
DATA ALIMI-I, 3, 4, 5, 6, 7, 8, 9.10, 11, 12, 13, 14, -1,

C...
C... KUWNT AIS A16 A17 Al8 A19 A20
C...

* 16, 17. 18. 19. 20, -1/
C...
C... VenoMA inAMe
C ...
C ... KMENT VI V2 V3 V VS V6 VV8 V9VIO VII V12 V13 V14

DATA VLIN/-1, -1, -1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,

C ...
C... * NSIET VIS V16 V17 VI8 V19 V20
C... P20

* 2. 15, 16, 17, 18, 19/
Co...
C... Peripheral Segment Linkage. PIN specifies the input source for the
C... sen which Is only from arteries, POUT specifies the output segment
C... which is only to veins. " ums there is no peripheral segment for the
C... segment nmber. Note that the pressure at the inlet of the peripheral
C... segment is at AP(PIN(i) * 1)
C..
C... Now PI P2 P3 P4 PS P6 P7 P8 P9 PIO P11 P12 P13 P14
C...

DATA PIN / 0, 0, 3. 0, 0, 6, 7, 8, 0, 10, 0, 12, 0. 0,
C...
C... $911M6N P15 P16 P17 P18 P19 P20
C...

* 0, 0, ,18, 0, 0/
C..
C... KOF1T P1 P2 P3 P4 PS P6 P7P 8 P9 PIO P11 P12 P13 P14
C...

DATA POUT/ 1, 0, 3, 0.0 , 6, 7, 8, 0, 10, 0, 12, 0, 0,
C...
C... •EGNENT P15 P16 P17 P18 P19 P20
C...

* 0,0 , s1, 0, 0/
C...
C... Z-axis positions reoative to tricumpid valve for
C... the origin of the arterial segment 0l0

DATA ZAO/ 0.000, 0.000, 5.0-2, 0.0-2, -15.0-2,
* -20.0-2, -32.D-2, -11.0-2, -50.0-2, -65.D-2,
* -85.0-2,-100.0-2,-125.D-2.-130.0-2, 5.D-2,
* 15.D-2, 25.0-2, 34.D-2, 37.0-2, 41.0-2/

C....
C... Z-axis peeltions relative to tricumpid valve for
C... the termination of the arteriat segment EQl.
C ...

DATA ZAT/ 3.0-2, 5.00-2, O.DO0, -15.0-2, -20.0-2.
* -32.0-2, -42.0-2, -50.D-2. -65.0-2, -85.0-2,
* -100.D-2,-125.0-2,-130.0-2,-132.0-2, 15.0-2,
* 25.0-2, 34.D-2, 37.0-2. 41.0-2, 42.D-2/

C ...
C... Z-axis positions retative to tricumpid valve for
C... the origin of the veanus segment Dm.
C...

DATA ZVO/ 3.00-2,1.50-2, -1.S0-2, -15.0-2, -20.0-2,
* -32.D-2, -42.0-2, -50.0-2, -65.0-2, -85.0-2,
* -100.D-2,-125.0-2,-130.0-2,-132.0-2, 15.0-2,

25.D-2, 34.D-2, 37.0-2, 41.0-2, 42.D-2/

C... Z-axis positions relative to tricuspid valve for
C... the temination of the venous segment [mW.
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C...
DATA ZvT/ 0.000, 0.0000, O.ODO0, -1.50-2, -15.0-2.

* -2.0.o-2, -32.0-2, -42.0-2, -50.0-2. -65.D-2,
* -a5.D-2,-100.0-2.-125.D-2,-130.0-2, 1.50-2.
• 15.D-2. 25.0-2. 34.0-2, 37.0-2. 41.0-2/

C ...
C... Initial orientations (degrees) of a-axis projection of vascular
C... segments. Arterial and venous assumed to be at the sm orientation.
C...

DATA TNETA/ 20.00, 20.00, 20.00. 20.DO, 20.D0, I Partially reclined
• 20.00, 20.00, 20.00. 90.00, 90.00. I Seated position
* 90.)00, 110.00, 110.N0. 90.00, 20.00, 1 20 deg S&A
* O.DO, O.0O, O.O, 0.00, O.O/

C ...-
C... Define same physical constants
C...

Pi a DACOSC-1.000) pi
gO a 9.804dSO I wsec'2 - earth's gravity
rh4 a 1050.010 1 kjmr'3 - density of whotl blood
mwD a 2.701-3 i N-sec/W'2 - fluid viscosity

M23 - Pi/180.O scale from degrees to radians
IUI2PA a 1.0132505/760.00 I scale from =0g to Pascals
62 a 4.00 1 Initial Gz
R2 a 0.002DO I Jeron's ailt energy term

C... INITIAL CbDITIONS (T a 0)
C....
C... The pressuresre set aessming a prone posture is transverse gO.
C... The initial pressures are assigned by linearly interpolating
C... pressures from the foot to the heart ind from the heart to the
C... erebret segment. The men arterial pressure is assusmd
C... to be 100 am9 at the heert and 95 w H9 at both the foot and
C... cerral segmenta. The venous pressure is assumed to be 2 mmg
C... at the heart and 5 mg at both the foot and cerebral segments.
C...

PAFOOT a 95.WMPA
PAIIEM a 95.OOUIPA
IFOOTIEG * 14
INfJDbG a 20
IfNARTSES a 1
PRATM PIaXT(1) 1 Right Atrial Presure
NPI) a PRATI I+ 2PA I Inlet Pressure to Right Atrium
HOPI a 2.DO3i2PA I Increase in right atrial pressure
PRWENT a NP(1) + NDP1 I Inlet Pressure to Right Ventricular
NiP(2) a P4VEUT
fDP2 - 11.0OIU2A I Increase in right ventricular pressure
PLATI a 4.DO*IN2PA I Left Atrial Pressure
NP(3) a PLATN I Left Atrial Inlet Pressure
HOs - 4.DOUI2PA I
PLVINT a IiP(3) + HDP3 I Left Ventricutar Pressure
IP(4) a PLVENTI Inlet Pressure to LV
NDP4 a 92.DO*IN2A I Increase in LV Pressure

C...
C... G-Profile parameters
C...

TO - O.Do
WSTART a 1.DO
WAX a 3.00
131A a 400.10
TI11 a 1O.DO
1T1M2 a 300.00
GFIN a 3.00
i1.
DO WIRLE (i .I.E. MEG)

TNETA(I) a THETA(I)•D2R
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END000

00 WHILE 0i LE. MEG)
$CALIF a 1.00
IF( i .LE. 5 .OR. f -EQ. 1S5 SCALEF *33.00

ARESMI a S¶.DO*WdALO(i)/CS.DCPPIAIU(i )'4)*SCALEF
DMY DB0LEPSMi))
VrM) DMAXIMOr), 1.33D0VrUi(i))
RESd) * 8.00*mi'J*CVLO(I)/DPV/SIC.DO*Pi*Vr~i)**4)

two00
AP(I a NP(2) + IUPZ. + .008N WA
APC2 a HP(' + NDOM + 2.DO*MH2PA
1.x3
DO WHILE C I LE. IFOOTSEG)

AP(IM APOi-1) - AQ0i-W)ARESOi-1)
+ rho*Gz~g0(ZAO(i)-ZAT(i))*DC0SCTHETA~i))

AP(15) *APC3

D0 WHILE C I LE. IHEADSEG)
APMi APOi-1) - MOi-1)ARESOi-1)

*rhoOC*DPCW ZAOMi)ZATMi))UCOSCTHETA~i))

C...
C... Set the initial. radii and arterial. capaitance
C...
C

1.
D0 WHILE Ci .LE. MEG)

Owatt a APCI)
*1 taR - 7.50- 1ue*t AIu i )**2/ (Aid i )AhCi))
ArCI w AIIJCI + detato
ACAPMi - 3.D0*PI*Arti)*3*AL0CI)/C2.D0*AECi)*Ah~i))
daltal a dwatt*ACAPCI)/CZ.DO*Pf"ArCI)*ALO~i))
ArMi a ArUdi) + dal~taR
AVOLMi a Pf*Ar(f)**2*ALOCi)

C ...
C ... Initial Venous Pressures

VOPM2 a NPM1
VOP(3 a NPC1)
VP(I) a P(3 + WQ(1)VRES(1)

-rh*O*Gz~gOC(ZVO~l) - ZVTC1))*DCOSCTNETA(1))
VPCZM VOPM2 + WC(2)WVESC2)

a - oO*Gz*9*g(MV2) -ZVT(2))DDWS(THETAC2))
VPC3M VOPM3 + V0C3)*VRES(3)

a-rhooz*ogO(ZVO(3) -ZVTC3))*DCOS(THETA(3))
i a '

00 WHILE C I .E. IFOOTSEG)
WCI) VP(i-1) + VGQi)WESMi

* -rho0QZ~gO*CZVCi) - ZVT(i))*DCOS(THETA(i)

VP(15) uVPC2) + VQ(15)'VRESC15)
-rhoO*GgOz*0(VO(IS) - ZVTC15))DOCOS(THETACIS))

f a 16
D0 WHILE C I LE. IHEWDSEG)

VPMI VPOi-1) + VGQM)VESCI
* -rhoO*Gz'gO*(ZVO() - ZVuif))*VCOS(rHETA(i))
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END DO
C...
C... Compute the initial resisttanes
C...

t1.

DO WHILE (i .LE. NE)
VCAPCI) a VCAPOCi)

l~mtl a VP(I) - PEXTCI)
ltuR a dPt 1tt'VCAP(i )/(2.DO*Pf*VrU( i )'*VLO( i))

Vr(I) a VrU(i) + deLtaR
delttall a dPtallVCAP(1)/(2.DO*PI*Vr(i)*VLO(i))
Vr(i) a VrUMi) + dettaR
VVOL(I) a PiVr1)=2*VLO(M)
i a=i +1

END DO

C...
C... Initial Heart flows
C....

110() a 9.0-5
NQ(2) a 9.D-5

M(3) u 9.0-5
NGM(4) a 9.0-5

C....
C... Set initial Peripheral Pressures
C...

PP(1) a P1)*PRA(1) + Q(1)*PRVC1) * VP(1)1.3

DO WHILE ( I .LE. MEG)
IF( PIN(i) .AT. 0 ) THEN

PPMI) a APC141)
END IF

PP(14) a PO(14)*PRA(14) + VQ(14)*PRV(14) + VP(14)
PP(20) a Po(20)*PRA(20) + VG(20)*PRV(20) + VP(2O)

C...
C... Call DERV to set initial derivatives -- loop to stabilize derivatives
C ...

1-1

00 WHILE (i .LE. 100)
CALL DERV
1.i1.

RETURN
END

C ...
SUBROUTINE DERV

C ...
C... DERV CALCULATES THE TIME DERIVATIVES TO BE INTEGRATED BY RKF4S
C...
C... ODE COON
C ...
C... /1/ time variables
C... /F/ tim derivatives of variables
C... /S/ asatiat derivatives of variables
C... /I/ & /I/ rel and integer parameters required to define constants and
C... define the spatial integration grid.

INPLICIT DOUBLE PRECISION (A-H, O-Z)
PARANETER (NE4 a 20, NPSEG • 10)
INTEGER NSTOP, NORUN, IP
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lNTEGER-2 ALIN. ALOUT. VLIN, VLOUT, PVS. PIN. POUT
DOUKE PRECISION M2PA, WA
Cal 10 /T/ T, ESTOP. NOMU I Run Parameters

C ...
C... Arrays for smntal variables Pressure (P), Ftow(a), and radii (r)
C...

1 /Y/ HP(4), H0(4)* I Heart's Chaers -Al
* AP(NEO). AG(NEQ), Ar(HEQ), I Arterial P, , r
0 VWCEQ). VO(NEG). VrCNEQ). I Venous P, 0, r

VOP(3), VOG(3), I Venous flows into heart
* PP(NEG), PI(OEO), I Peripheral P, Gin, Gout

C...
C... Tim derivatives of the semental variables: Pt, at, rt
C...

2 /F/ IPt(4), HGt(O), I Heart's Chmbers RA=1
0 APt(NEG.1, AQt(NEG), Art(NEQ), I Arterial Pt, ot, rt

0 VPt(HE0), VQt(NEG). Vrt(NEQ), I Venomus Pt, Ot, rt
0 rOPM(3), VO~t(3), I Venos flows into heart

0 PPt(CWG), PIt(CEQ), I Peripheral Pt, GINt, QOUTt
C ...
C... Parameters necessary to form the differentia( equations
C...
C... Pi - 3.14159...
C... gO - 9.0665 [ a2 earth's acceleration of gravity
C... rhoO - 1050. Ckg/W3] density of whole blood (4S5 Hct) I Assumed
C... muO - 2.7 cp viscosity of whole blood (451 Hct)I Constant
C... 02R - pi/180 Cradians/degree] scale factor
C...

3 /R/ Pi, gO, rhoG, mA, D0I, 012PA, R2, I Constants
* ZAO(UEO), ZAT(NEQ), ZVO(NEO), ZVT(NEO), I Arterial & Venous
* TUETA(HG), HCAP(4), HVOL(C), HW(4), I Orientation anle
0 ALOCNEQ), ArUCNEQ). AE(NEG), Ah(NEO), I Arterial 1, r, E, h
O ACAP(NEQ), ARES(NEQ), AINERT(NEQ), I Arterial Capacitance, resistance
0 V.LO(NEG), VrO(UEO), VrU(NEG). I Venous 1, r, rUNSTRESSED
* VCAPOCNEQ), VCAP(NEG), VRESCNEQ), VINERTCMEQ), I Venous Capacitance, resistance, inertance
0 PRA(hEQ), PRVYCEG), PCAP(NEG), I Peripheral Re, Iv, C

0 PINERTCNEG), PVOL(NEQ). I Peripheral I, V
0 PAO(UEO), PVO(NE), I Initial P conditions
O QAO(NEO), YJOCNEO), I Initial 0 conditions
SAVOLCNEQ), VVOLC-EO), I A & V Volmes
0 PEXT(NEO), I Externally applied Pressure
* TO, GSTART, GVAX, TBRK1, TBRK2, THAX, GFIN, ! G-Profite peramters

O z, ADPG(NEO), VDPGCNEQ) I Gz & Delta P from G
4 /I/ IP. NDXPERCNPSEG), ! Peripheral Bed Indexes
0 ALIN(NEG), ALOUTC(EQ), I Linkage Data arterial
S VLIN(NEO), VLOUTCNEQ), I Venous

0 PIN(NEG), POUT(NEO), I Peripheral
0 PVS(NEQ), I Number parallel venous sements
0 IFOOTSEG, IHEADSEG, IHEARTSEG I Foot, Head, & Heart sag nums

DIMENSION PWOHTCNEQ)
C ...
C... Right Heart
C...

PRATRN = PEXT(1) I Right Atrial Pressure
HP(1) a PRATIRN + WNPA I Inlet Pressure to Right Atrium
HOPI a 1.DOIUN2PA I Increase in right atrial pressure
PRVENT a HP(1) + HOPI I Inlet Pressure to Right Ventricular
NP(2) a PRVENT
NiDP2 a 11.DO1S2PA I Increase in right ventricular pressure
PINTHO a -1.OD0 *N2PA I Intra-thoracic Pressure ! Extramural

pressure for the pulmonary bed
C... •
C... Left Heart
C...

PLATRN w 4.DO*'e2PA I Left Atrial Pressure
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HPM3) a PLATONI Left AtriaL Inlet Pressure
NDP3 a 4.DOISIZPA I
PLVEMT a HP(3) + HDP3 I Left Ventricutlr Pressure
HP(4) a PLVENT I Inlet Pressure to LV
NDP4 a 92.DOUIq2PA I Increase in LV Pressure

C... Ensure pressures are not tess than external pressures
C...

1=1

DO WHILE ( 1 .US. NEG )
IF (VOi() .LT. 0.00) THEN

VO(i) a 0.00 1 Venous valves
END IF

EM DO
t1.

DO WHILE (I .LE. 3)
VOG(i) * 0MAX1(VOOMi), 0.00)

END 00
AGO) a DNAXl(AQ(1). O.DO) I No reverse flow into the heart
AGM2) * DNAXI(AGC2), 0.00) I from arteries or out of the heart
HO(1) a DNAXCNOC1). 0.DO) I into veins
NOM(3) a OXlIC(C3), 0.00)

C ...
C... Set the Heart level G level
t...
C CALL TlAPS(T0.GSTART,GAX*,TNAX°TURK1,TBRK2,GFIN,T,Gz)
C ...
C... Set peripheral Inlet pressures to the appropriate
C... arterial outlet pressures
C...

1.3

DO WHILE ( I .LE. MEG)
IF( PIN(i) .GT. 0 ) THEM

PP(i) * AP(÷lI)
PPtCI) - APtCi+1)

EID IF

END 00
C ...
C... Compute the resistance, capacitance and inertance for the arterial segments
C...

AP(1S) a AP(3)
i11

DO WHILE (i .LE. MEO)
IF C AP(i) .LE. PEXT(i) ) THEN

ArMi) a ArUMi) I If arterial pressure is below external
END IF I pressure set radius to minimum (unstressed).

C ...
C... rationalize pressure, radius, and capacitance.
C...

dlhlt a APCI) - PEXTCI)
IF(Pwalt .LE. 0.00) ArMi) a ArU(i)
ACAPCI) a 3.DO*Pi*Arf()**3*ALO(i)/(2.DO*AE(i)*Ah(i))
doLtalt a dPwatL*ACAP(i)/(2.DO*Pi*Ar(i)*ALO(i))

C Ar(|) a ArUCI) + deLtaR
AVOLCI) a Pi*ArMi)'2'ALOMi)
SCALEF * 1.00
IF( I .LE. 5 .OR. I .EG. 15 ) SCALEF z 33.00
ARES(I) a 81 .D0mu*ALO( i )/(8.DO*Pi*Ar( i )**4)*SCALEF
AIMERTi) a 9.DC*rhoO*ALO(i)**2/(4 0OAVOL(i))
ADPl(i) u rho0'Gz*gOC(ZAO(i) - ZATCi))'DCOSCTHETAMi))
i aI1.

END DO
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C...
c... venoms resistance, capaci tance and inertance f or the venous segments

DO WHILE 0I LE. 1160)
dwall a DMAX1CVP(,) - PEXT(i),O.DO)
IF(d~walI .LE. 0.DO) Viii) a VrUOi)
Vrmx 1 .333*VrU(i)
Viii) *DM4AXICVr~i), Vrt.J0))
Vr(I) * OINlCVrW). Vrmax)
DPVS *DBLEMCPV O))
WVOLC) z Pi*Vr(j)"2*YLO~i)
VRESM s) * 8.D~w.AC*VLO(i)IDPVS)I(8.DO*PI0 Vr( i)**4)
VINERTOi) = 9.DO~rhoO'VLO(I)'2Z/(4.DOWOLCLO))
VDPGO) arhoO*GzgO*(ZVO(I) - ZVTOW)DCOSONIETAi))

END D0
CAPL *1.0-2 1 Capillary Length
1.a
DO WHILE( i .LE. NPSEG)

j a NOXPEROi)
d~wall DNAX¶CPP(j) - PEXTCj). MN2PA) I Min pressure 1 mong
PVOLOj) aPCAPMj * d~waiL
Ii a 1

END DO
C ...
C ... Deine the differential equations describing pressure, flow, and
C ... radius
C ...
C ... Pt(t) a 11C*(Ofn(t) - Gout~t)) + R2/C*(Qtin(t)- Otout(t))
C ... Qt(t) a 1I/LCPin(t) -Pout~t) + PGZ- Pext - R*O~t))
C ... rt(t) - 1/(2*Pf~r*t)*(ain(t) - Qout~t))
C ...
C ...
C ... Infow to the right atrium HG0() z VO0C2) + VOO(3)

*VO~t(2) * 1DOIVINERT(2)C(VPC2) - HP(1) *VDPG(2) IOutf low from the Superior V.C.
IFC0().E. 0.0) V(2) *HPl

IF CVO(3) I.LE. 0.00) VP(3) a NP(1)
V00t(3) 1 .DO/VNNERT(3)*CVP(3) - HP(1) *VDPG(3) I Outflow from the Inferior V.C.
* -VRtESC3)*V00C3))

HOW~) z iOQtCZ) + VOQt()
110() a VOOC2) + VOOC3)

C ...
C ... Right Atrium [Heart Segument 11
C ...

1102 a 110() - 110C2)
NO2t a HOW~) - HOW()
HR2 a 2.D-5IHCAP(1)
NMtI) x N02t*NR2 + H02/HCAP(1)
NMtI) a 0.00
HPtCZ) a 0.00
110(2) a CUPC') + HOPI + WI2PA - HPC2))/HVRC1)
110tC2) z CHPt(1) - HPt(Z))/HVRCI)
HOWC) z HOW~)
ROM(2 x 110()

C ...
C ... Right Ventricle Hefart Segment 2]
C ...

N102 a 110(2) - AGOi)
0102t a HOW() -AQtW)
HR2 a 2.D-5I11CAPC2)
HPtCZ) x HQZt*HR2 + 1102/NCAP(2)
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11PtC2) a 0.00
C ...
C ... Pulmonary Circulation
C ...
C ... Pulmonary Artery [Arterial Segment 11
C ...

A02 a A401) -P0(1)

Afl2t a AQtW) POWC)
AR2 a 32/ACAP(1)
ARMCI z AA2t*AR2 + A02/ACAPC1)
APt(I) z 0.00
Art~l) a I.D0/C2.DO*Pi*ArC1)*ALO(l))*A02
Art~l) a 0.00
AGO1) a CIIP(2) + 110P2 + 2.0O*HMZPA - APC1))111V1C2)
AQWC) a (HPtCZ) - APtCI))IHVR(2)
AGOi) a 110(2)

C....
C ... Pulmonary Capillary Bed (Peripheral Segment 1]
C ...

POW() 2 I.DO/AINiERT(1)*(APCI) - PPM1 + ADPG(1)
- ARESC1)*P9(1))

P92 a P0(1) - V00!)
PPtCI) a PRA(1)*Pat() + P02/P CAP (1)

C ...
C ... Pulmonary Veins
C ...

VOWC) a (PPMC) - VPtCI) - P~t~l)*PRACI))IPRV(1)
V02 a VOCI) - 110(3)
V02t a VOWc) - 119tC3)
VR2 a R2/VCAPCI)
VPtCI) a vW2t'v2 + V02/VCAP(1)
Vrt0l) a 1.00/C2.DO0Pi*VrC)*VLOC1))*Va2

C Vrt(I) v 0.00
C...
C ... Left Atrium [Heart Segmnt 31
C ...

HMOtC) a I.DO/VINERTC1)C(VP~l) -HPC3) + VDPG(l)
*- II0(3.)VRESCI))

VOQt() a NQt(3)
1102 a NOM(3 - N10(M
"02~t - 110tC3) - HQtC4)
1132 a 2.D-S/NCAPC3)
HPt(3) a 11b2t1112 + H02IHCAPC3)
11PtC3) a 0.00

C ...
C ... Left Ventricle [Heart Segment 41
C ...

NOM(4 a CHP(3) + HDP3 + 2.DO*NN2PA - 1PC4))IHVR(3)
NOM4 a 110(3
H~tC4) u (HPt(3) - HPt(4))/HVRC3)
H~tC4) a 110t(3)
Na u NOM - AQC2)

1102t a 110t(4) - AQt()
1132 a 2.D-5/ACAP(4)
NPt(4) a 1102t'11R2 + 1102/HCAPC4)
HPtC4) a 0.00

C ...
C ... Ascending Ass-tic artery [Arterial Segment 21
C ...
C ... A0C2) ( HP(4) + HDP4 + 2.D0'IM2PA -APC2))/IIVR(4)

A0tC2) (NCPt(4) -APt(2))IHVRC4)
A02 a A0C2) - A(3) - A0(15)
A02t a AatC2) - AQtC3) -AQtC1)
AR2 a R12ACAP(2)
APtC2) a AG2t'AR2 * AQ2/ACAP(2)
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APt(2) a OD
Art(2) a 1 .DOIC.DOPi*ArC2)*ALO(2))*A02
Art(2) x 0.00

C ...
C ... Descending Aorta EArton at Segment 31
C ..

A~tM3 a ¶ .DOIAIE.RTC?)AP(2 - APC3
+ 4 MPG(2) - ARESC2)'AGC3 * AO(15))) AQtC5)

A02 - AGM)- AGO4) -PO(3
AG2t = AMtC3 - AotC4) - MM3
AR2 - R2/ACAPC3)
AMD(3 a A02t*AR2 + AGZ/ACAPC3)
AWt(4 a I.DO/AINURTc3)C(AP(3) -APC4) + ADPGC3

- ARES(3)AGC4) + P0(3)) - P~t(3)
Art(3) a 1 .DO/(2.DOWPi*Ar(3)*ALOC3))*A02
ArtC3) a 0.00

C ...
C ... Form the derivatives for the other arterial segments betow the heart.
C ...
C ... Thoracic and Cardiac [Arterial Segment 43
C ...

AG2 a A40(M - AG(S
A02t s AMtM4 - t(5)
1432 a lt2IACAPC4)
AMt a4 1 .00/ACAP(4)*A12 + AR2*AQ~t
AGtC5) a I.DOMAIERTC4(AOPM - AP(S

+ ADPS(4 - ARES(4)A05))
Art4 u 1 .DO/C2.D0Pi0 Ar(4)*ALOC4W)AQ2
Art(4) a 0.00

C...
C ... Diaphragm [Arterial Segment 53
C ...

AG2 a AG(S - AGO()
A02t a AWtC) -AMt(6
AR2 - W2ACAP(S)
ARt(M a AR2MA2t + 1402/ACAP(S)
AatC6) = 1.DO/AINERT(S)AP(S) - AP(6)

+ * MPG(S) -ARESCS)*AGC6))
Art(S) a 1 .DO/2.OO0iWr(SALO(5)A02
Art(S) = 0.DO

C ... Renat - Hepetic [Arterial Segment 63
C ...

1402 a AOC6 - AGO) - POW6
A02t a A~t(6) - AQW() - P~tC6)
AR2 - R2IACAP(6)
APt(6) a AR2*AA2t + 14G2/ACAP(6)
A~t(7) z 1.D0/AIVERT(6)C(AP(6) - AP(7

+ ADOMG6 - ARESC6)AGCT + PMOM) PatC6)
Art(6) a 1 .00/(2.DO*Pi*Ar(6)*ALO(6))*AO?
ArtC6) a 0.00

C ...
C ... SpLmnchnic [Arterial Segment 73
C ....

A402 a AMC?) - AGOS) -P0(7
A02t a AQt() - A~tCS) - POW()
AR2 x R2/ACAP(7
APt(7 a AR2*AA2t + AG2IACAP(7)
Aft(S) * I.DO/AINERT(7)*(AP(7) - AP(S

+ A DPG(7 - ARESC7)*CAQCS) + P0(7))) POW()
ArtC7 x 1 .D0/C2.DO*PiAr(7*ALO(7) A02
* ArtC7 a 0.00

C ...
C ... Buttocks EArterial Segment 83
C ...
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A02 a AGO6) - A0(9) - Pa(S)
A02t a A~t(S) - AtC9) - P~t(8)
AIR - IR/ACAP(S)
ARt(M a 1.00/ACAP(S)*A02 + M2*AQ2t
Mt(9) a 1.DO/A!ERTCS)CAPC) -APM9

+ AD0(6) - ARESCS)*(AOC9) 4 P0(6))) -P~t(8)

Art(S) a ¶ .DO/(2.00*Pf*ArCS)*ALO(S) )40Z
Art(S) a 0.00

C ...
C ... Feinsreis CArterlat Seginent 91
C ...

A02 a A0(9) - A0010)
402? a Allt(9) - AWOt1)

AIR = RZ/ACAPC9)
APt(9) a AR2'A02t + A02/ACAP(9)
A0t(0O) a I.DO/AJNERTC9)*(AP(9) -AP(10)

+ ADPG(9) - AIES(9)"40(10))
Art(9) a 1 .DO/CZ.DO*PI*Ar(9)*ALO(9))*AQ2
Artt9) a 0.00

C...
C ... Thigh [Arterial, Segment 101
C ...

A02 a A20(0) - AGM) - P0(10)
A02t a A~t(10) - AGt(1) - P~t(I0)
AIR a R2/ACAP(10)
APt(O) a AE2*A02t + AOZ/ACAP(10)
AGt(1) a I.DO/AINETO10)AP(10) - AP(11)

+ * *090(1) - ARES(10)*(A0(11)+POCIO))) -P~t(I0)

Art(I0) a I.DO/C2.DO*Pi*Ar(10)*ALOCIO))*AOZ
Art(10) a 0.00

C ...
C ... Knee [ArterfaL Segment 1II
C ...

£02 a MCII) - 40(12)
A02t a AOt(11) - A0t(12)
M2R = IZWACAP(1I)
APt(11) a AG2IACAP(11) + I2*Aa2t
AQtC2) x 1.00/AIUERT(I)AP(11) - AP(12)

*~ * *00(1) -AIES(11)*A0C12))
Art(11) a 1.00/C2.0Of*iArC11)*AL0(11))*A02
ArtCll) a 0.00

C ... Catf [Arterial Segment 122
C ...

A02 a AG0(2) - A0(13) - P0(12)
A02? a A02(2) - AOt(13) - Pt0tC2)
AIR = R2/ACAP(12)
APtC 2) a A*2'A02t + A02/ACAP( 12)
A0t(13) a 1.00/AINERT(12)*(AP(l2) - APC13)

+ AD*09(12) - AAESC12)*CA0C13)+90(12))) -P02(12)

Art(12) a I.00/C2.DO*PiOAr(12)*ALO(12))*A02
Art(12) a 0.00

C ..-
C ... Ankle [Arterial Segment 131
C ...

A02 A 4(13) - A0014)
A02t AMIDC13 - 40t(14
AIR * 2/ACAP(13)
APt(13) a A02t*AR2 + A02/ACAP(13)
MOO14 a 1.00/AINERT(13)*(AP(13) - AP(14)

+ * *09(13) - AIES(13)*Aa(14))
Art(13) a 1.DO/(2.00*Pi*Ar(13)*AL0(13))*A02
Art(13) s 0.00

C ...
C ...* Foot [Arterial Segment 141
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C...
02 * M(14)-- P0(14)
A02t * Mt(14) - P~t(14)
A12 a 32ACAP4)
ARM 1) a NtAQrM? + A2/ACAP(14)
P~t(I4) a 1.0O/AJEET(14(A9C14) -PP(14) *ADPG(14)

*- ARESOWN)0C4))
Art(14) a 1.DOI(2.00OPIAr(14)*ALO(14))'AQ2
Art(14) * 0.00

C ...
C ... Poriphefal OWd in Foot CPeriphwrsL Sogwnt 141
C ...

VQ(14) v (P9(14) -VPOO4 NO M 14'PA14))/PRV(14)
P02 a P0(14) - VO14)
PPt(14) a PQt(14)'PRA(14) *P02/PCAP(14)

C ...
C ... Vemno Drainage from Foot CVeouis Segent 143

MOO14 a (m~(14) - VPt(14) - P~t(14)*PRA(14))/PRVC14)
V0 VO(14) - V903)

W02t a MOO14 - V~tCI3)
V2a 42/VCAP(14)

VPt(14) a Va2tWV2 + V02/VCAP(14)
V~tC3) a I.DO/VINERT(14)*(VP(14) - VP(13) + VDPG(14)

- VRES(14)*W(13))
Vrt(14) a 1 .DO/(2.OCOPI~vr(14)*VLO(14))V042

C ...
C ...* Arkike CVwno Segwst 133
c....

POUT(12) - (PPCI2) - VP(12) - PRA(12)*P0(12))/PRV(12)
P0OUt a (PPt(12) - VPtC12) - PRA(12)*P~t(12))/PRVC12)
V02 * Q(13) (VQ(12) -PO0UJ(2))
W02t aV~t(13) -(V~t(12) - P0QJWt0
VR2 RZIVCAPC13)
VPt(13) a W~t*VR2 + V02/VCAP(13)
V~t0l2) a I.DOIVIUERT(13)(CVP(13) - VP(12) + VDPGCI3)

- VRESCI3)*(VG(12) - P0OU(12))) + POOUTt
Vrt0l3) a 1 .DO/(2.DO*PI*Vr(13)*VLO(13))*V02

C ...
C ... Catf [Venou Sepunt, 123
C ...

V02 V0012) - VO(11)
V02t *V~t(12) - Vt0t(1)
Vi?2 1 2/VCAP(12)
VPt(12) a VW2t'W*VR V02/VCAP(12)
W~t(1) a t.DQIVIUERT(12)*(VP(12) -VP(11) + vDPG(12)

- VRES(12)'VO(11))
Vrt(l2) a 1 .DO/(2.DO*PI'Vr(12)*VLO(12))*V02

C ...
C ... Kns. [Venou Sag=nt I1I
C ...

POUT(10) a (P9(10) - VPC1O) - PRA(1O)*P0C10))/PRVC1O)
POWUTI a (PPt(10) -VPt(1O) - PRACIO)*P~t(10))/PRV( tO)
V02 VO(11) -(VO0lO) - POUJT(1))
V02t *V~t0l¶) (V~t(10) - P0OUTt)
VR2 R 2/VCAPC11)
VPtC11) a VOZ?*V12 + V02/VCAPCII)
V~t10O) x 1.DG/VZERT01M)VP(11) - VPC1O) + VDPG(11)

- VWES(II)*(VQ(10) - P0OLJTO))) + POOUTt
Vrt(ll) a 1.DOI(2.0OPi*Vr(l1)*VLO(11))*V02

C...
C... Thigh [Venous Segemnt 103
C...

V02 VQO(1) - VOM9
VA2t *V~t10O) - VWt(9)
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V32 a 22/VCAPIO)
vptC1O) a- va2tW2 * YOZ/VwA(1O)
vatC9) I .DO/VINERTC1O)C(VPCIO) - VP(9) + VDPC(1O)

- VESC1O)*VQ(9))
vrtClO) I .DOIC2.DOOPfvrC1O)*VLOC1O))VO42

C ...
C ... Famwetis CVwmna SGemnt 93
C ...

PSOUT() a CPPCS) - MeS) - PRA(8)90C8))/PRV(8)
PQWTt = (Pft(S) - VPt(S) - PRA(8)*PQt(S))IPRV(S)

V0 vS(9) - (VO(O) - PQOUT(8))
V02t -VOW9) - YVt(S) -P@CUTt
VN2 -R2/VCAP(9)
VPt (9) a VW2tW2 + V0Z/VCAPC9)
VQt(S) a 1 .DOIVINERT(9)C(VP(9) - VP(B) + VDPG(9)

-VREE39)C(VO(S) -PSOUT(S))) 4 PaOUt
Vrt(9) a 1.DO/(2.0OPi*Vr(9)*VLOC9))*V92

C ...
C ... Buttocks EVetiAu Sement 81
C ...

PSOUT(T) a (PP(7) WP(7) - PIACT)90Q(7))/PRtV(7)
powUt a (Ppt(7) vptCT) -PRACT)*PQC7))IPRVC7)

V0 VOCS) - (VOM? - POOUT7))
*a~ V~t(S) -(VQtC7) - PQOUt)

VR2 aR2/VCAP(8)
VMtS) = VO2t'WR2 + V02IVCAP(S)
VOW7) a 1 .0O/VIMERT(&)(CVPCS) - VP(7) + VDPO(S)

-VRES(S)*CVSCT) -PSOUTC7) + PQOUt
VMtS) a 1 .00/C2.DO*Pi*V ($)VLO8) )*VQ2

C ...
C ... Iptwichnle rVenous Segment 71
C ...

P051TC6) a (PP(6) VP(6) -PRA(6)*P0C6))IPRVC6)
POOUTt a CPPtC6) WtC6) -PE4(6)*Pgt(6)i/PRVC6)
VO2 aVOM7 CVS(6) - MIUT(6))
YS2t W OW() - CWC6) -PSOWTt
V12 a 2/VCAP(7)
vpt(7) a VO2tv12 + VSZ/vCAPC7)
votC6) - I .DO/VIUERTC7)*(VP(7) - VPC6) + VDPGC7)

-VNESC7)*CVSC6) -PGOUT6))) + POCUTt
VrtC7?) - I.DO/(2.DO*Pi*WC7)*VLOC7))'V02

C ...
C ... Renal Nepet Ic (Venous Segment 61
C ...

V02 a V0C6 - VC(S)
V02t a V~t(6) - V~t(S)
VR2 a R2/VCAP(6)
VPt(6) a V02t*M + VO2/VCAPC6)
V~t(S) a 1.DO/IVJURT(6)*CVPC6) - VP(S) + VDPGC6)

- VRESC6)*YQCS))
VrtC6) a I.DO/(2.DOPi'Vr(6)*VLO(6))'VOZ

C ...
C ... DI aphraw Eveno4s Segment 53
C ...

V02 a VOCS) - VOM4
V02t a V~t(S) - V~tC4)
V32 a R2/VCAPC5)
VPt(S) a VQ2tWV2 + V02IVCAPC5)
v~tC4) a i.DO/VINERICS)*CVPC5) - VPM4 + VDPGC5)

- VWESC5)V04(4))
VrtC5) a I.DO/C2.DO*PiVrCS)*VLOCS))*V02

C ... Thoracic Circulation [Vewnou Segment 41
C ...

PGWUT3) a (PPM3 - VP(3) - PRA3)*PQ(3))/PRV(3)
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P=RUt a (PPt(3) - VPtM3 - PRA(3)*Mt(3))/P3V(3)
V0 VOM4 - (VOM - PoGW(3))

ve2t * atC4 - CV~t(3) - PGOUTt)
VUR RM2/CAPM4

Vt4)a WQ2t'W2 + V2/VCAP(4)
VWt() a 1.001VINENT(4)(P(4 - VPC3 * VDPG(4)
* ~- VNE5(6)CV(3 - POGU1(3)) + POWJft
Vrt(4) a 1 .DOIC2.D*Pi*Vr(4'VLOC4) )'V02

C ...
C ... Inferior Vans Cave (Venou Segment 31
C ...

VOR a VO(3 - V0Q(3
V02t a VOW() - VOQt()

v a R2^VCAP(3)
Wfl(3) a VO~t.W2 * V02/VCAP(3)
Vft(3 a I.DO/(2.DOPi*Vr(3)VAO(3))V02

C...
C...
C ... Above the heart
C....
C ... SubcLavlie - Upper Thorax (Arterial Segment 151
C ...

AP(I5) a AP(3
A2a ACCIS) - A(16)

hA0t a A2(1:5) - AMt(W
MR2 a W2ACAP(1S)
APt(S) = AG W M2 * AG2/ACAP(15)
ADt(1) w I.0O/AIUERT(2)*(AP(2) - APC15)

+ * MPO(2) -MESC2)*(AO(3) + *4(15))) A~tM3
AQt(16 a I.DO/AINERTC1S)APC1S) - APC16) + ADPG(15)

*- ANS(15)M(6))
Art(15) a I .DO/(2.DO*PIArC15)*ALO(¶5))*A02
Art(15) a 0.D0

C...
C...* Lowe Neck (Arterial Segment 161
C...

A02 a *4(16) - *4(17)
hA0t a At(16 - MOTC1)
MR2 a P2/ACAPC16)
APt(16 a A~t*AR2 * AWIACAP(16)
AGMt() = I.DO/AINERTC16)*cAPC16) - AP(17)

+ * MPG(16) - AMES(16)*A0(17))
Art(16) a 1 .DO/(2.DO*PI'ArC16)*ALO( 16) )A02
Art(16) a 0.00

C ...
C ... Upper Neck (Carotid sinus) (Arterial Segamint 171
C ...

A02 a A607?) -A006B)

hA0t a AQt(7) M OB(1)
AM2 z RZ/ACAP(17')
APtM7 a MQ2t*AR2 + A02/ACAPC1T)
MtGlS) a I.DOIAINERTC1T)APC1T) - APC1B)

+ ADPC(17) - ARESCI7)A0(118))
Art(17) a 1 .DO/(2.DO*PifArCIT)*ALOC¶T))*A02
Art(17) a 0.00

C ...
C ... Opthalmic (Arterial Segment 181
C ...

A02 w hA008) - (£0(19) + P0(18))
A02t a AGtMS) - (Aat(19) + Paws1))
M2 a W2ACAP(18)

*APt(18) a hA2t*AR2 + A02IACAPC 16)
AQt(9) a 1.D0/AINERTOW(APCIS) -APC19) + ADPGC18)

* - MRES(18)AG0C9) + P0(18)) - POt(1)
Art(lS) a 1.DO/(2.DO*PiArC1S)*ALOC1S))*A02
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Art(18) a 0.D0
C ...
C ... Nidbrain EAuterfal Segment 191

A02 a *0(19) - A0(20)
*0Zt a AMt(19) - *0tC20)
AR2 a U2ACAPC 19)
APt(19) a A02tARZ + AOZ/ACAP(19)
AWNZ) a 1.D04'AINETC19)*(AP(19) AP(20) *ADPUC19)

- AMSS(19)MA(20))
Art(19) = 1 .D0/(2.OPi*Ar(19)*ALOC19))*A02
Art(19) a 0.00

C ...
C ... Corebrat (Aeterfat Semnt 201
C ...

A- a *0(20) - P0(20)
Aeft a A02(20) - P~t(20)
M02 a R2/AC*P(20)
A92(20) a A~tAk + AOZ/ACAP(20)
Aut(20) a 1.DO,(2.0"Mlr(20ALMO(20 AG2
Art(20) a 0.00

C ...
C ... Cstselwl bed (Perioeal, $emont 201
C...

Pot(20) s 1.00OIAUET(20)C*PC20) - P9(20) + *090(20)
*- AN3(20)9020))

WQ(20) a ONAXI(CPP'(20) - VP(20) - PG(20)*PRA(20))/PI(20),0.DO)
902 a 90(20) - (20)
992(20) w P~t(20)PMA(20) + POZ/PCAP(20)

C ...
C ...* Venom Drainage f rm grain [Venou $evment 20]
C ...

VSC(20) a (P92(20) - W~t(20) -PatC20)93lA(20))IPRtvc2O)
V2a U(20Z) - WQ(19)

Vo a Wft(20) - WotC19)
V12 - E2/VCW(Z0)
Wt("2) a V02 *M + 2/VCAPC20)

VWt(19) a 1.00/VKNERTCZO)*CW(20) - VP(19) + VDPG(20)
- 1(20)VO(19))

Vrt(20) a 1 .Db/(2.0"1*Vr(20)*VLO(20))'V02
C ...
C ... Nfdretn fVmnou Segmmnt 19]
C ...

POOUT(1) a (99(1) - W(1S) - PRAC1S)'P0C18))/PRVC8)
POOUt2 a (P92(18) - VWt(1S) - PStA(18)*P~t(18))/MR(18)
VS2 a 10(9) (0008) - PO0UC8))
VS2t * 102(9) -(V~t(I8) - POOUt)

aR 22/VCAP(19)
V~t(9) a W02t*M * V02/VCAP(19)
VSC(IS) a 1.Dd/VIERTC19)*CWC19) -VPC1B) * 109(19)

- VRES(9)C1(VQ(8) - POOUTCIB))) *PQOUTt
Vrt(19) a 1 .D0/(2.DO*PIVr(19)*VLOC19))'V02

C ...
C ... OpebtA~mc [Venou Segment 181

V02 a V0018) * 10(7)
V0t VOWS1) -V~t(17)

V2a RZ/VCWC 18)
WtCIS) a V022VE2 + VG2/VCAPC18)
V~t(17) a 1.00/VIN!3TCIS)*CVP(18) - VP(17) + 1090(18)

*- VRES(16)'Va(17))
wrt(15) a 1.DO/(2.000 Pi*Vr(18).VLOC1S)).102

C ...
C ... IUper Neck (Vewno $event 171
C ...
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*m a f(17) -Vo(16)

WI - RZ/VCP(1)
wt(IT) * WtW2At # vab/VcAP1)
VotC16) : .SooIVIETCI?)*(W(l7) - WP(16) . WP(17)

Vrt(l7) 1.D@j(2.D0"iVr(17)'VLOC1M*)W2
c....
C ... * Lmir Nock (Jugatr) EVowno Semt 163
C ...

WI a WQ(16) WedS5)
VWt a MOO16 VOWcS)
W2 a 42AWP( 16)
VPt(t6) a V42t*"W2 + V02/VCAP(16)
VWS(1) a 1.0@/VINERT(16)*CVP(16) WCIS) + WeP016)

* ~~ WE3(16V0C5))
Vrt(16) a 1.DO/(2.0O1iVrCI6)VLO(16))W2

C ...
C ... Smucdavion [Veowwstepomt 153

V42 a VeIIS) VS(2)
W02t a VOWS5) -VOWc)

v12 a UZICAP(15)
WtC 1) a Vo~t*M + V02/VCACIS)
Watca) a 1.fb/VIECICS)*(W(1S) -VPCZ) + WNGC1)

*- WESC1S)*VV(2))
Vrt(IS) a 1.D00C2.D00P1C15)*VLOC15))WV2

C ...
C ... supeior Veow Cave [Venou Sgwsnt 23
C....

V12. a W(2) - VdZ)
V02t a VftC2) - WOWC)
VIM a 12/W*APC2)
W~t(2) a W42tVR2 + VG2/VCAP(2)
vrt(2) a 1.DO/(2.DO*PI*Vr(2)'VLOC2))WV2

C ... Form the dsrivatiwes for the peripheral be&.
C ...
C ... Opthelefe 00erlpherat se~so 183
C ...

P02 a P0018) -PSOUT(8)
MIS(1) a PPC1Sg)IPUA(IS) -PW2CPRAC18)*PCA(18))

C ...
C... Thorax and Cworories [Peripheral Sevmnt 31

P@2 a P0(3) - POOU(3)
POW() a PPtC3)/PRAC3) - P02/(PRAC3)*PCAPC3))

C ...
C ... Reminder of PeriphersL Sapants
C ...

13*6
00 WIILECI AE.. IFCOTSES - 1)

If ( PUT(I .AT. 0 ) TWNE
P02 v POMf - P0OUT(f)
POW~) u PMtVIO/RAMi - PQ2/CPRACIPCAP(M)

EU IF
I1ai+1I

m 00D
NETLW

SUEMTIE P0INT(NIX06, N07, NOS)
C...
C ... mD WUO
C ...
C ... Il/ tim varfables
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C... IFI time derivatives of vriables
C... /1/ spatitl derivatives of variables
C... M3/ & /I/ reel and Integer paromtrs required to define constants and
c... define the qatilt integration grid.
C...

INPLICIT OUI5 PECISIOl (A-H, O-Z)
PI M TE (n C aE 20, lIMEG a 10)
INTEGER #STOP, NVMl, IP
IhTE32 ALIN. ALOUT, VLIN, VLOUT, PVS, PIN, POUT
O3U81 PRECICIOK NPA, MAO, PPbed(NEO)
W01NIO/T/ T, ESTOP, lOMMU I Run Parmeters

C ...
C... Arrays for segmntal variables Pressure (P), Flow(G), and radii (r)
C ...

1 /1/ W(4), W(CA, I Reart's Chambers Mal
A f(hEO), AO(NEO), ArC(EO), I Arterial P, Q, r

* VP(MES), VOCIME), Vr(NEG), I Venous P, 0, r
S WOPC3), OO(3), I Venous ftows into heart
S PP(CEO), POCNEO), I Peripheral P, Gin, Gout

C ...
C... Tim derivatives of the segmntal variables: Pt, Ot, rt
C ...

2 IF/ NPt(4), NOt(4), I Heart's Chambers M=al
M UMNES), Aft(WEO), Art(NEO), I Arterial Pt, St, rt

S Wpt(CUE), VWt(IEE), Vrt(CEQ), I Venous Pt, Ot, rt
0 VOPt3), rOtC3), I Venous ftows into heart
* PPt(CEO), PMtCNEO), I Peripheral Pt, SlIt, OOUTt

C ...
C... Parameters necessary to form the differential equations
C...
C... P1 - 3.14159..
C... so - 9.80MM I6fae123 eorth's acceleration of gravity
C... rheO - 1050. (ksWi3 density of whole blood (45Z Nct) I Assumed
C... muO - 2.7 ECp) viscosity of diole blood (4S5 Hct)' Constant
Co... M2 - pi/180 tradianel/dgreel scale factor
C ...

3 /t/ Pi. 90, rbO, mn, O2M, NNPA, 32, 1 Constants
• ZAOMN), MATCMES), ZVOCHES), ZVT(IHE), I Arterial & Venous
* 1T1ETA(LE). NCAP(4), HVOL(4). UVE(4), I Orientation angle
* ALOCHE). ArU(NEG), MCUNE), AMCIEG), I Arterial t, r, E, h
* iACAP(IEG), IRES(CE), AINlET(C#E), I Arterial Capacitance, resistance
* V.LO(CN), VrOCUEL), VrU(NUE), I Venous t, r, rUHSTRESSED
0 ~ AVCPO(IEG), KAPMMES), WES(NEO), VIHERT(NEG), I Venous Capacitance, resistance, inertance
* PSAC1EE). PRV(CEO), PCAP(CEO), I Peripherals N, Rv, C
* PIMET(CEO), PvO.ES), I Peripheral 1, V
* PAO(CNE), PYOCIES), I Initial P conditions
• GAO(CES), IO(HES), I Initial 0 conditions
* AVOLCES), WOL(CES), I A & V Volumes
• PEXT(CL), I Externally appited Pressure
* TO, OSTAIT, VSAX, TIUKI, TI3K2, THAI, GFIN, I G-Profile perwaters

a s, OPGCUEo), VOW (HE) I Gz & Delta P from G
4 /1/ IP, MXPECUPSEG), I Peripheral Sad Indexes
• ALIN(lCE), ALOUTClES). I Linkage Data arterial
• VLINME), VL0UT(NEO), I Venous
• PINCHES), POUT(NES), I Peripherat
• P•C(NEO). I Niaber paraltel venous segments
• IFOOTSEG. IHEADSEG. IHEARTSEG I Foot, Head, & Heart seg runs

C ...
C ...
C... PRINT A HEADING FOR THE NIJlERICAL SOLUTION

IPSIP'•I

IF(IP.ES.1)UNITE(CO6,100)
IFCIoP.E.1)IRITE(NTO7, 100)
IF(IP.E.I)WRITE(NO8, 100)
iFCIP,. 1 )UTEC, 1 )
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C WRITZ(9O.2)
C IUNITECUO2) T

I UCUSTCZX.T7 - '*F12.4.' 8=0
C ...
C ... PuINT YE SOLUTION
C ...

MCI) a VOS(2) + VOOM
WRITE( *,22) T'. Ga, THITA(l)*(VP(k), kulgVEG), (VOCIC, kul,HEQ)
WRIME -,n) T, 99, TNETA(1),CHP(k), koI.4). CHOCk). kal,i.)
*RIMNCO6,2) T. 0z. TUIIAC¶),CAP~k), kal.NEQ)* (AGMIC, ku1,NEQ)
WHITE(NO7.2) T. Ga. THETAC1),CPMK. kul.NEO). (VOCk), kul,NEQ)

00 WHILE 01 LE.. NEC)
ppb d1) a PP(l) -PO(i)*PRA(i)

W1RITECUOG ,2) T, CZ, TNETA(I),CPPbod k), k-lHEO),(PG~k), k=INEG)
2 FOUIATC3F8.4,6OC1I2.4,IX))
22 FO M T(X.3F.4, /,12C5(EI2.4,lX),1X,/)
100 FCNAT(2X. Tfmf%3X.' oz #'I Theta 8,1Op Art Press',

*1Op Art Ftow'.1 Op Vn Press',' Op Vn Ftou'.'Op PWe Pr ')
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