% 28 % B 2 W A% % K Vol. 28, No.2
1996 # 3 A ACTA MECHANICA SINICA Mar., 1996

DAEIETIRIBh hFid i2
— EEHDENR N EE

x= B THEZE
(REX¥MAH¥E, i 200433)
B OR O EmA XNEH KEE
(FEARMHEE 305 EB.OWA, 13 100017)

WE OMRAEEEROE BT ER B AR, o (1) b,
HERW DB SRR T, 6l T ORGSR SRR Bl ThhEEL
BESENHON AR, S5 5IRTEY SRIRATS . A B, B, A0S e
AR, PIEE RO A M ARG, HEBERNAREE RIS
P, M ERITE. O RENAERGBITTE. A CESEEOER L, B8 —EE
B RILRB ARSI R M 8. L RV Z T SRR, RS RSy
SR E. TR R AN EE BRI RE, A — SRR ORI h %
B E B A

X8R BAEE, OEHITHE, Sk

51

i

U B B B T R R AL BE R AL A DU BE, O EMTh R IR TH B — AN EEHE, O
FOE A48 0 A48 0 MBE A 51 9 P B BE B 1) A1 Y IO DU BE IR 43, PO ETHAE AR B K 4
DIRE TR B, R ‘R, B4 5 0BEMIIN 10%~15%; T R 5ME 1T, X <5
Uy, HRBRIaRET) (ERE), shohd Lk hshi k) 2.

ORI R — SRR EEE, RARE M ORI AR, RET —
AR O REAS Th 3 Fy 2 R, BT — 45 R JR AR R L R, o S B R B
NBBEREXH R AZEENESTEIES, REAHSIRMIERETEY,
CARE A SRR 2R, 20 T 7E 30 i H sh o B AR Ll o sh e s 43 B, B 3 ek
B, Mms/ANTIHER, ARARBENETE RERTRSENEODMRERESHY
KRRV A, HEKRFEA, RERMNLRAERE.

AR SCHE B P B B8/ R B S A PP R A R S BB, FE Bk A B, WAL
BT ARG REX, Bt —MRBE T BRARERN T B3 KEITERY,
REZHBANESHELHEBEARMAN, FAZTE TRANREIE -4
B MF-BRENERSE, Rt 2Ky B AT E N AR T AR

D HRERANEESE URBITE.
1994-07-11 W FE—8, 1995-03-09 BB %M.




218 yil = % i 1996 & ¥ 28 %

s, i, EEIE L, FRAEEBURE, At B8 0P 0 M 3)
ASUEEEHBEM.

MEHE XM T ERINBERSER, FAHREESHTRITBNS ZMHLER, &
R_HEZREW XRPESHEOLT, HENHRIN BN RBKEIERD, 7208
T B SR L AR AT, B —RRE AT, HETETERE, YshiEL
JE St T B o HO BB K I, FE 5 RS0 Bk Th 3 R R AN T 220 Bl B 5

1 BitEs
A JE J S A 1 %65 A\ B 58 5 LA
7= P[0, et ) g
¢n = ¢p" - ¢qn (2)

X8 Z, F én S HEABEIE n SOEROBMEL, P M 6,00 M ¢y, 51
& 1 BRI B 3 Fourier AR {5 28 » RUNIE A 2XAivE A1, BP

N
p(t) =Py + Z P, cos (wnt + ¢p,) (3)
n]_vl
q9(t) = Qo+ Y Qn cos (wnt + ¢g,) (4)
n=1

XHE, pt) fq@t) S HRANE EENMRBREIE, o ZRO0REH, ¢ ROoREE.

XTSIk R GRS, A KIS — BEERMLBERERR, Ba Z, Mo, F
AME—HE. I K. Sanagawa fll K. Sagawa & AXH0RE B W BRI WK P, AFTRI—
HOETAERENE ABRERER, Zn 60, Qo M T HEk#E (T Z.031AM), A%
NTJRER, WIS — B E p(t), ¢(2).

B/ R BBEATH T X kR

ow )

Q,

oW

aj¢q—,.:0 (n:172,"'7N)> (5)
T,

|ttt =sv =t

0 J

X H
W=W,+ W,

N

T
Bt W, = PiQu+ 3 > Qhncos b ERBIE: W= oh [ P00t EmHHE,

=1

T T, WORRHET, WA OIS, T, B MRS, » AR Sv
BB, ADTHRRBOETHER, [ o= Sy RETERRRE T



w2 M R OB%  LEEDHEhEEE — FRITHR KRNI IRE 219

NREMF, 2 .

G=w+x( /0 a(t)dt — QoT) (6)
W5 R4 A

96G

0Qn

oG I

oG

'a—/\ = 0
KE, G AHIFEE A N HEEORT

BHE

' 3 T ,
QnZy cos ¢y + ﬁ / qz cos (wnt + ¢, )dt+
0

1 3 4 + N -
A — [sm, bq. — 5w, Ty + @y, ,} T

Wn,
30 ,' @ ll — sin (wnt + ¢ )]dt-i—
9427 |, ¥ - (®)
- ‘Q_n [COS ¢Qn — COs (LUn,Ts + ¢¢In )] =0
Wn

N
QT -T)+3 %ﬁ [sin ¢q, — sin (waT, + 8y,)] =0

n=1 "

(’I’L=1,2,---,N)

/

F LR (8), BT RR, T ARSI, BRARER
4, BARKEWITEERE, BHF o) DL Fourier BFFAN, RHFRA PO F
xiA

T N—-n
. T
/ ¢° cos (Wt + ¢g,)dt = TQoQn + - ) Qi+ 1Qi €08 (byey, — by —~ by, )+
0 i=1
n—1

T
T 2 QiQnicos (dg, + bg,_, — b4,)
i=1

T TN—n (9)
/0 ¢° sin (wnt + @q,, )dt = 3 Z QitnQisin(¢g,, ., — g, — bq. )+
‘e
z;@%4m%ﬁmm-%)
(n=1v27"',N)
oG oG oG

% fo = —BE’ fran = —a_(;q:’ fangr = % Z= (Ql"":Qn7¢q17"‘7¢q_n’/\)T

n
dfi; = O/ (3, =1,2,---,2N + 1) (10)

89:_7-



220 il = 2 # 1996 & # 28 %

Heh df;; A Jacobi JH[E, HAEFEIWMT

L 6p 0 (i+j=N)
i@ #9)= 307\ 1 .
ZQi—{—j Ccos (¢q|‘+j - ¢Qi - ¢qj) (1’ + J< N)

T L
ZQz‘—j cos (¢g;_; — ba: + ¢q;) (> 1) (3,7 =1,2,---,N)

%Qi—j cos (¢(Ii—j - ¢‘1j + ¢qa) (7' < .7)

T

—Q2; €08 (gp;, — 20y, 2t < N) :
22;2)’11 4 2 ( q q) ( +-;—Q0T

0 (2¢ > N)

df;; = Zncos ¢n +

(i=1,2,---,N)
z i i+ 7 <N
—6pQ; “ZQi+j sin (¢g,_; — e — By;)  (E+F <N
Weien = ggor
(t+3>N)
[ Qissin (g, -~ bg + ¢g;) (i>7)

L —Qj-isin(@g,_; —bg; +6¢) (0 <J)

(27J:172’7N)

T .
—6pQ; _ZQ% sin (¢Q2i - 24)(1;) (27’ < N)

dfii+nN +
AT (2¢ > N)
)\.%[cos ¢qi—coé(wiTs+¢qi)] (i=1,2,---,N)
—6 —Qi ‘Sin(¢i+_’,‘_¢,"‘¢j) ’ (’L+]SN)
dfirms(i#5) = 77 P s T P B N
(z+37>N)
—Qi—jsin(¢g,_;, — bg, + bg;) (i >7) 12 )
Qj-isin(@q,_. — b, + bq.) (1<)
—6p _QZi sin (¢Q2i - 2¢q,~) (21 < N)
dfi+N,i - m—
0 (2i > N)
A.;L[c05¢qi—cos(wiTs+¢>qi)] (i=1,2,---,N)
T . -
6pQ; _—ZQHJ' cos (@g;y; — bgi = Pg;) (+j7<N)
Asemien = ooy
(t+3>N)

T . .
ZQi—j cos (d’q-'—j ~¢q; + ¢qf) (@>3) (4,7=1,2,---,N)

%Qj_i €08 (@g;_; = bq; + bq:) (1<)



%2 M TR OBE OBEDHS N ELRE — FEHHROBR/ NG EE 221

T .
6pQ; _—ZQ% cos (¢¢I2i - 2¢q;) (2Z < N)
2A2T

dfiynitn =
(2¢ > N)

%Q0T+)\£;[cos bq, — cos (w; Ty + ¢y, )] (:=1,2,---,N)
Cdfient1 = gz[sin bg — sin (Wi Ty + ¢g,)] (i=1,2,---,N)
dfiyN2N+1 = % [cos ¢, — cos (wiTy + )]  (6=1,2,---,N)
dfani1,:= wli[sm b — sin (wiTs + ¢g,)] (i=1,2,---,N)

dfeNt1,i+N = % [cos ¢q, — cos (w;Ts + qﬁq‘.)] (i=1,2,---,N;

2

‘dfanyionvt1 =0
RRE R eETRmE U AR EARN, R F4HARE ES KRR
X=X-D'F (11)

He D;j=dji;, F=(f1,- -, fant1)T-
2N+1

RERKERATRL, HE D ff <ec A—/AR), WEBAHBLAMWR, Tk

HEBRER TR, B (1) f\‘,ﬂﬁﬁ_@ﬁ%l&ﬁ(ﬁ, AIEE 72 (11) H 8 IE U — 44 5t
HFOo<rate< 1,
X =X -—ratex D7'F (12)

SEhlHERE, N (12) RE, TRSKHER, BARE®.
2 HETR

A TRAEF LG ERE, RAAT —4ER O3 08 HIR#T TRIEH.
BT ESIBKARF R W E A OB R RECF Y, FE LU R 5 T 0 2 i i A AR
.

B 1T —REE P I A ESh AR B R A B A. LR
RL AR 130 K / 4, BETFHHLER Sy = 1447ml

B G, BATRSEIR P A I WA E ) i 265 R 5 IR 3 Th R A% I8 3l T R W Rk 5 vk
VHELH ORI FE AN T Aotk — He B (LA 2). Bl T SRR RERERAE R
ST RAF B R ETE O RERE, Pt NSRS 0s Azl
T,/T=0.34, ZZKRIFEFIER d = 1.5cm, MBEHEE p=10kg/m®. AWEHFH, £
FIRME R IR AT R R R M2 JLF—8, XR, KREMBERItEES
RZMKZFZHHREMGZERD, AL ETHREEEIHERONE AN —F
T, BATT AL EAIA O B F 3 B A 0 A S i AR P SRR K, R R/ Th R B O R
LR EREWE, XWLHELEH, SRV REERK 1% EH, £ 1 HETR
HAF EME BB RERATE I HI BRI IS8, BEREEER.



222 il = % Eid 1996 £ % 28 %

w5000 100
g 4000 7/7=0.34
a I — experiment
'S‘ 3000 - 10} + — without Kinetic
% 2000¢ “ - with kinetic
= g
-§ 1000} 2
= /
= 0 .§ 40}
0.8 | =
T o4t >
. E ) 10
f 041
-0.8F
-1.2 N + . 20 \
o 5 10 15 20 25 0 0.15 03 0.45
Frenquency / Hz 7 )
B 1 fEmh ORI AR B2 MESFR AR YNBSS B
Fig.1 Input impedance in the root of Fig.2 Cormparison betweer the calculated velocity
the aorta in the dog wave form and the ergerimental results in
the root of the aorta in the dog
200 B 3 4y T SL B PA 0 E BB RAE
s TR A% IS TR PR 0
P « - without kinetic HBHE, ARBRE—H. RNEBIHTHEM
& 150 i kinetie % 18 3h 2 F B R 77 Bt S 1 B 7 B LR
§ - see—H.
5 HK, RB\AXFROTE FEBAR
£ 100y M EERNENMRBREOER. &
LESHEHTARMEERT, REMES
. Kk, Kepit & T,/T = 0.34,d = 0.75cm,
50 : . . 1.5cm, 2.25cm, p = 1.0kg/m3. MNEHFEAIA]
0

015 . 03 045 DIE D], 784 B /NG i3 B E S 3%

BERRARBERNRBME I REEESR,

P e o XRENERA NS NOIR, 1L

wave form ando;t:;; :):;:;n;in:;l r:z;lts in the root j( , MWZS’J J?J $i§ j( , E 'L‘;‘ HE Ml J;‘bﬁﬁ EF' 2

RUT B, BORME LR B X BT 2 5 BR

A WMEFKRESER. 2 BT ARAERTMAN — 3 1E8H, EEREIN

R, ShThRAAD IR 10% UL ; EERBEANMGR, HDERSRHEZ LER
AN, BYEEZRARRERTLEERENL, BHERTERYW.

35 i

AT X BN IR ML 523, BT LRI 2 R0 BEEh Th R, R T A
HIRBAERTE T BA N . KB, X TIEWERNENSHE, Z5 R EA
WS RIREME, SEBMEY S, I H IR SCERE b — R BUE A B0 s B 4%

HFHEEFERREST, CHEBDEES, ok b RMmN, 2 8RR, %
B REHBINSE RS ABIER R L RILF— 3, SRE—RELTHEL



® 28 R B%E OEEDNSHEIE — FEHDRNE D EE 223
#1 ERHNARMRRELS
Table 1 Comparison between theoretical & experimental results
Parameters Unit Experiment Without kinetic With kinetic
P, x 133.322 Pa 154.9 158.6 158.6
Py x 133.322 Pa 71.2 68.7 68.6
P, x 133.322 Pa 111.8 111.8 111.8
Qmax ml/s 135.4 99.6 99.3
Qmin ml/s -17.6 -10.2 -10.4
Vmax cm/s 76.6 56.3 56.2
Viin cm/s -10.0 -5.8 -5.9
Wo mW 91.0 80.7 80.8
W mW 469.0 469.0 469.0
T Wy mW 560.0 549.7 549.7
K, mW 0.5 0.5 0.5
K, mW 0.6 0.3 0.3
K: mW 1.1 0.8 0.8
ﬁ":: Py %q&gﬁg’ Py Eﬁ%&:: P, %jFin:E, Qma:.( %ﬁk‘?ﬁiﬁ, Q/mix -Eﬁ/J\yEE) Vmax
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Teble 2 Comupurison beiween the results of different diameter

_B_?_rimeters Unit d=0.75cm d=1.50cm d=2.25cm
Py 133.322 Pa 158.4 158.6 158.6
Py < 133.322 Pa 68.6 68.7
P, x 133.322 Pa 111.8 111.8 111.8
Qmax ml/s 99.3 99.5
Qmin ml/s ~12.4 -10.4 -10.3
Vinax cm/s 226.2 56.2 25.0
Vain cm/s -28.1 -5.9 -2.6
W, : mW 80.8 80.8
W mW 469.0 469.0 469.0
Wi mW 550.0 549.7 549.7
K, mW 0.5 0.1
K, mW 817.6 0.3 -0.1
K, mW 825.6 0.8 0.0
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Fig.4 Effects of the aorta diameter
on the velocity wave form
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DYNAMIC PROCESS OF HEART WORKING
~ —A PRINCIPLE OF LEAST CARIZIAC
WORK WITH CARDIAC KINETIC I'TEM

Wu Chi Ding Guanghong
(Department of Applied Mcchanics, Fudan University, Shanghai 200433, China )

Gao Jian  Wang Xiaodong Liu Yuli Zhang Guojun
({Deparinent of Cardiology, 305 Hospital of PLA, Beijing 100017, China )

Abstract The principle of least cardiac work is a valid model which describes the dynamic process
when the heart is working. In the previous study!!l, analytic solutions of the cardiac process were
abtained, but during heart working, specially on some pathological conditions, the kinetic power
takes certain percent of the total power. So, when we analyse the cardiac dynamic process, we
should analyse‘the total cardiac work. When the kinetic power was calculated, the equations are
changed from the initial linear equations to the non-linear ones. The questions are more complex,
and it can not be solved by the former analytic method. In the present study, on the foundation of
the Newton Method, we get a new method that the non-linear equations with the kinetic item can
be solved. The example calculation shows that this method convérgents fast and the results are
accord with the experiment results. Thus, the method perfects the calculation of the principle of

least cardiac work; and it makes a theoretical foundation to research the cardiac dynamic process.

Key words least cardiac work, cardiac kinetic power, Newton Method



