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Cardiovascular system could be regarded as a closed loop fluid system, which shows, as a whole,

very complicated hemodynamic behaviors. For designing a mock circulatory system keeping as high

resemblance to such behavioral characteristics of the cardiovascular system as possible, the author deter-

mined the specifications of dimensions and materials of elements constructing the simulator, using

engineering analysis method on referable physiological and anatomical data.

A mock circulator is developed which has mechanical and functional characteristics as follows:
1) This is a closed loop fluid mechanical model which is composed of some lumped factors:
2 pulsatile pumps (right and left heart), 7 elastic tubes (blood vessels) and 7 piston-cylinders
(peripheral resistances). Pulsatile pump is a dual chamber type (atrium and ventricle) and each
chamber contains elastic membrane as myocardium and each membrane is driven by the pneu-
matic pressure. Output flow can be controlled by changing pulse rate and driving pressure
independently each other. Elastic tubes as blood vessels are made of latex rubber, which
are enveloped in a compliance regulating tank, respectively. Piston-cylinder as a peripheral
resistance has a blood pressure regulating part in it. This part contains a lot of latex grain, and
by controlling the density of the grain, flow resistance can be varied.

2) As circulating fluid, water is used instead of blood. Fluid volume of total and each lumped
element coincide with those of 20 kg dog: circulating time also coincides with that of the living body.

Dynamic behaviors of the closed circuit model were compared with the hemodynamics of the

experimental dog, whose heart was totally replaced by the artificial heart. And it was proved that

those two showed high resemblance to each other.
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V,:V,:V,=76x14:

1x53:8x29=20:1:4...... (1D

LHEIND., Fa2—7DOEEIH20mm & L
T, 1) b & 3EADKEDHED,, Dy, Dy
wRDH &, ST, 12, 26mm L FHH I i,
ks, WMEARE 1, FEE(LOD IR
131.0mm % vy, fB130.5mm o oA FHH L
o

5) #EfRF o —T ORET

KEF oI, 610, ¢l20ifbe = -1
R BT - — 7 OB BHIc o TULEN
BEFEL B2, POFEREME DL
WETEMTE S X HFE Lic. ENRES—F
KEFEINRBHH T, DERTRCEREIh T
L EmEEZLRS. ¥, ELOHRATIL
PO Wk, R EE LE 2T,

W:-——S—V— ...... (12)

—%DZ-TS

LB, L, SV: —[EipiiE, D BHE
Ts : OEEIGERR]. Dil0mm, THh, FAeEk
AECI1x SV=20ml, Ts=0.15sec TH%B. “hb
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% (12) XA T 5 &, w=1.7%x10%cm/s & 7¢
5. FBhkE LT20°CoKEKRER S &, v
A7 MV AE Re ik, BRiE% v (2 ZTi1x0.01
cm?/s) & LT,

Re=w.Dy ... 13)
Lich, (13) R#x R L, Re=1.7Tx10* L7
DOTHFRCIIN B0, = D & T EEBRRE 1L,

1=0.316 xRe- 1% ... (14)
ThHH, Liod Re AT 5L 1=0.028L7%
5. LietioT, BB X 5ENESK 4pid,
F . —70DFEX L (=200mm) 33k,

gL W =
Ap=2 D" 2 =8.25cmAg=6mmHg (15)

Licn., o (15) o fHIX BT O EBTH
D, wrhofh b HIR T, BERK L, kR
%

£=0.007«f*1eRe™?  een. (16)
L, MEEREEe LTHE, @i, «=0.48

BH3 MmMEHER=FTVERER (—KHMO Mk
EgR T, MEORbHICKEKEBE WS, K&
XX TXH=2 x 1 m)

45

x(p/D) TH2bh3. Fi, 0 H4°METIE
B=0.247 5. p=5cm & LT (16) &
DLxERDBE, (=0.11L7cs, LichoTHE
FE# 4p 13,

dp=¢ ;’; =1.62cmAg=1.2mmHg (17)

L) R/, BIREAN T Re iX—#/h
L, dp v/hThB. BE, U6), A7) kb,
BT o« — 7 OENBEIERTELLOTDH
3z Aotk

PExd Lz, FRETAEMDO VAT LS
AZPRETE, —KOEREF L 2R LTI
BROF X T OB AR, BEE3RT
METEBRFROEMA € F AR TE 7. Rt
TRE2CEFEDD., KEXL, LTxHE=2x1
m Thhb.

V BEBREFIOEH
BT A2 EROBNL, KEKEET LA

#* 2 System parameters of the mechanical

simulator
e | s | T | O | e

Heart 160
Left Atrium 40 5 26 0.3
Left Ventricle 40 5 26 1.0
Right Atrium 40 75 26 0.3
Right Ventricle 40 5 26 1.0

Vessels 1440

Systemic Circulation 1255
Aorta 70 300 17 0.5
Capillary Resistance 240 — — —

Capillaries -

Storage Area 580 230 57 0.5
Shunt Pathway 30 230 12 1.0
Nutritional Bed 120 230 26 0.5
Connecting Tube 106 0 10 L0
800 12 1.0
Connector 14 — —_ —_
Venacava 95 300 20 0.3

Pulmonary Circulation 185
Pulmonary Arteries 70 230 20 0.3
Pulmonary Resistance 40 = = o
Connecting Tube 28 150 10 10
150 12 1.0
Connector 7 - — -
Pulmonary Veins 40 125 20 0.3

Total 1600 ml
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AorTIC
PRESS.

mmHg

EAPILLARY
RESS,

mmHg

CV.P, s
kg [ Rt

PULMONARY Or:
ARTERY PRESS. |: .

mmHg

PuLMonary 2077
VEIN PRESS. [

mmHg 0 ’

Ourput FLow g '
(LerT)

L/min

VENOUS
RETURN

L/min

A ’
Pump DRIVING PRESS. -
START DECREASE

Left;200+170mnHg
Right; S0+ 60mmHg

B9 BEHR=7romEE (1) (BRv /REfR
BB THE, ToRBHECEK T LD, #HH
F2EETUL, §WoMES BT . )

Isec llgiic

P . ; . -

AorTIC R N

PRESS, v
mmHg B <

CAPILLARY 1qpi—
PRess. lg [

C.V.P, 10
mmHg 0 ~

PULMONARY
RTERY

Press, By
mmHg -

PuLMONARY
VEIN PRESS.lO
mmHg U

|
. [ -

e o
L/min 0[

ENOUS !: o - A
T\ N —
F10 BRerromik (1) (Fhesio -
A2, REBRAEToONEC ¥ CEE¥ 5% .)

EAL, £#MoOME CEERHE) &EAk & Rk
TmmHg FETSH. OB, ERAOKIILT
NTERL . BFEHHOEA L VA be — 7 %
T L, K TEREES b E Y
min) 7% X 555 UHiE0200mmHg, Al
IOmmHg wH/ELTEL.

X OV EEIRAED b o v FEE A BELE Lo A&
ONEVEHEEEARLELDTHS. EFALEYT
HENMRE XL U & 2 ZEo MEIX208 T%
TERBERD. SHLEEORENLLELOEY S
SREJE# 170, 60mmHg ~2F0F, HHEETO
REER 0L B &, WISHCHORERECS R T
5. FOBE, TIACKTLEIRE, FEiRE
DIET &, FRLEIRED ER 2 EEE ChH o7,

PSR E LT, Moo D & <, S
AW LR 2B OTERREBADOEE L
o, ZORER, f20B THORERE~BITL
ey, IEERRD <7 2 2 EEHC WL, XKEIR

LR T T o

Aortit . 200+ .
Pressure 100 B~NNNN—8 BN N NNt
mmHg
" 0=
Central Yenous 20~
Pressure

mmHg 0~

Pulmonary Artery

Pressure - 20 INNANNH B AN -

mmHg

Puimonary Vein 20~ '

Pressure WM
0-

mmHg

Driving Pressure 400~
(Left)

S TS § TN

Driving Pressure 400- ~
{Right) 200- .

e cBNN N @ BN N @

Cardiac Output
(Left J 8 i B
L/ min : !
0

Cardiac Output
(Right) 8 -
AU WUUUUR
0

-Dog (820kg)

Total Heart Replacement
M1 mpER (AOER) LER=F 2o LFE-

Bohi (BREFSVEWET 2L 2TH
PoMBEROLCREABERCE L, )

Mechanical Simulator
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FE, RHE & o A EERR O & LTI
EZ{tx bicd Lic.

Wiz, =52 OREES CHH ATOEE M
DL DOEANTA 2 OEFELOTLYEBERT HHE
B fTie o, FEEOBERREO 4 2 O Mm{TE)
BBREHAI L, TR s R GEVIRER = 5

A CTHBR LRSI TS S, Ry TERENSRA

—H I8, BRIIKE, FEER, BEEOR
HAERTRT L LicroT, HlloZ kL,
BYERT — 2 ¥ ERE FAL IoCREERT
BT ENTE, KT ArEAEY HORHR
L5 BMEEEZE LTS Z LR TE .
VI . =

1. REFNVOBEICETIER

D —RERRE LTOEET O

TR R~ — AR L RIE SR = 7 v
OEKDOEET, —BEBRRTHS LW HTH
5. M9 BELIICERRON B kL, —
HEB Tl TIERETERWF -2 Thb. A
T OO ERENBALA 2~ B ZRE ¥ T OBER e HE BT
EER T — 2 LR LTERD, BEE TRET
AEERENE, ATOIREEE LIcB 6 OTER- PR
fEFEAE DR, ZOBEL, EREE
B Y —% e, LrbOERBoBEE, B
IORMOBBEROREI AR LELUL TV
fed EEZ b, METERRIC BT 5 LERE
L, RA—EBRCHS 7 —DRELEL, £
D 2FEDOR VTR, BRICEHA vE—F VA
L=y F Vv LIERETHS. LichoT, vA
FhHRFAEDHBED 1 ONELTHEE, &
ZEFI0 B 5 MAE B OB AROBED X 5
2, ZoFBIBCHiERR AN O MER L O
EwP. CoOR, By BB EE LIRS
LY, MERE O KBRS LR X b AL AT
DAL, —BoRLFREERI L, ALHEHE
WEADT S, ZLTRELOE VY FERIIIERE T
FTEER 2 IR DT L BWMEIBD LTS,
EOLHHEIRED L, fREUTRBIRELET
T5. Lo T, REELEETREL, R
REO—I T MHEIRR ~ & volume shift L-C\»

47

5. TDXSi, BELEFATL—REKE L
TR 50T, MEREORN e HEmE 4
WE LT, —XREg ORI X o TIERERE
WO MFE, MEBEOKRERE(LVBFETES. L
Fe T, BIIRFE, AR & \Wofc i« DEfy 0
Hal by FH o1y, FOWr0XCERTS
DT, BEREED~ 7 v B OENE
BB T HrOREELELEHL2D NETH
b, KeFrefviuis  ORRERIED
hotExbhs.

2 AU

=50 OB, Thbb AU —&O
W, DEORELTLEY RET 5 A ThH
%, DEEENC XD R Y INOHARELT Y
Xz, L2vdEE 1 70cpm &\ 07 SIEEI
ERTL—EHEEYEREBR oL E LT~
FBARRFETE D & b0k, Zhicky, &
W%, W DEEE TORKVY T v—
a VHAEREE B b, Lrl, 2ORV IO
HEEMITARALE L B, BIREEbicw LT
Bz L. SIS OfER CRRFE ST
WHHL DATLIECH LTH w25 T LT,
b LDERA LR UTHEEY BEICE
{LXREEY Lo, FLEALHOH]
HRBBEL 02, i, EBOTREIRESE
kst L, MBEB LI RE L nwdd, —iree
SERB O ATORE T, MHARE LR LT
KV 7HBENEEYZ TS, LbL, AEFAT
VRMEN—E CABIEREREY LR T 5 &
WEEWERE L, Togs, —KERR ORI,
LIHARMEEL NS BIxbhs il
h, TORVIHERTLIAOERRL S LB
bhs, ¥, BIREAROBEKC I >THEE
OPWAE R &R & 5 E A v 7 ORI RO
BRI SR LT BT, FuHE X 0Tk
HBEDEWOLAREDY I = V—v 3 VEFRDZ
LATEEEE LB RS. ‘
3) MEFROEM:

TR & R X v B o h i ER O
FEEAEENCOERRE, —mFEIBIOL
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OB LR. BrEIRRCE L CIRE B
DOERENG b e, Bk LTy, REOWH
HBIREHTSE (collapse) LT, IFRE: BIREEAS
BORRVEBELFE L. By R+ 55
TRElE v 48 cr, Re=3,500CRH & fLkO BHA
ETHDD, BECILERAM L TR 4125
LD e RY F~OWELE T ST HIMESE
BBe L, BEBRIRMEE O ERLBV. 4
Bixz oS OFEI OB, ENEORREOME
*EER L, BEHE, BEHESYREL TS
DERES 5.
RSB Lk, WRRE & FEIET O
REERCRECELWEYETHIOTHE
EERER L. oW HEROTEAEE L
FBE, BERLAELPITHD, SBRIeA LV
o — AR R BT B T &L CHES O BB
kD TPL LS BEEATEEIE LS.
KUEREROFER, SERERETROMT
FERAE~BIT X5 L CRERBE I LT
WA RIsWT, Ry 7HRBESKET L LD
CREEZIZ2mmHg 55 10mmHg ~EKT L,
MECEE LT s BEO—HME KHBIR~ED,
TR B LWEERERFoT w5, ¥, H
0BT, FERO 252 28 /LT
L, REBRRNEAE DO - L MBIRGE~ shilt
&, Ficle BRERE~FHOTRL LR Abh
B, BT, AL b AZRD TR tE %
2 THBIBHETHD, DTHRS—KH
BOWFEBEROEERTIOL V2 5. HEE
R ST A KOHAD R EL B, Fie
FHRREBC BT 5 PIETET S, &foE—IK
BEMCAE LB 2 5 bbb T &R
DT, G, KEAEREORBEOR EBILT
ENRLEER L, EFRORMERELE OBEL
B L GREIMOBRH T ot 2 &
MNEECHS.
2. HOYIav—LarvEFIEORE
TRERRD Y § 2 V= g VETARITGEE
W, BRETN, BRETA, BT
A ENBIC G U T2 B TERIRTE

72, LinL, AEFA0OBREMCET LY
7w, —WES L LT 2 v ZEEHrEHRLLY
LT ERET AL . —®ETAT
1%, Guyton DOE MM 5 KEHEMEEL
REFANBELTH 2. ¥, L TRATD
EoHIEH LR v PR FEEEHT 5D
BT LIEH IR, BHERT — % Do
B2 T AB1S 552, BN oOE K=
Frrr, IR R ThiztA EFEERT, HTh
W ATOED 5 2+ & LT Brighton 7319724
CRELIETFARSEZEDLTHS. lT—K
B E 2T h, FR T F AR sEPRERL

Li-&E (capacitance) & (resistance), B
(inertance) % %0 & ¥ MM LERHCBEE» 2
b DTHY, KENCIER =TV EEMTH
%, Lo, HRKXeFanrnbBohs s —
ZRFRC I HFERBREY EES - Lk, &
et L, SEBER L= F Y, MEERERO
EEBED OB TOIRB L, &5 ok
HrBECHR TE BRI L 0T
BBH. LinioT, BEtoEME cEHZEIEOME
2, DFEEREIS O A O L5 X 5T,
HEREEL L= T A TIEL 2 N LT —
2L HORERLTCE=TAOHRENTEL. L
LERLEERWCRD L5 L LTE, R
DIRESFERSLSED T, £ L5 R
EFA ORI RTEECE. S0k, K
Fax, BRETALLELTER L WO T
LET BT BT L RAC LOTH
D, TDvIV—va YF—XII, floeFr
nHELRICT — & LRBIENTh LD, B
WEHT — 2 LHEBNASTHRE LA S Z AT
%, &8, LVEREETFAFERO DI S HF
EEZ DN,

VII $# &

MBI &\ D BTy AT KB THFFE
RN, /i L. ZoRE, AT, !
WM, €A v—v ) VAREIIC DO TERK
Eh s —KEASEY O TG B R OB € 7 7
EH Lk, FOETFAE, AEROMETERRDOE
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Iy O —REREREY F O ER TR 5
FHLTWAZ EHERTER. 58I, KRS
BER OV A AT 5 Bt (R %
LR LT, XV EMEOERE T LVOFERED
SLTHEEEDEFETHS.

BoATREO—EH (W) BARLBOERERERS OB
B isd0Thrs b TMAREL, BRE&EMTES
EBEL ErEd.

AR DS, T4 FOREChlcb Sl L
FRE L TR B O R MEREE TERLEE—%
BRELHHBERELET. SHLRERY A Fieow
THBERLD CHEE L CEBE VR WEERR T TFERIR
F B ORI S RSB R R AR HE L,
FRARRELED D B IR R W B R B
REB LOLTERESPER L LhoBIR#KT
B sl LET 7.
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