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at various atmosphere environment. FC is
defined by flow rate over pressure deference.
The tests were conducted in hyperbaric air up to
10ATA and in heliox environment up to 31ATA,
in addition to normobaric heliox condition.

I was found that FC decreased with increase in
helium concentration and ambient pressure. The
turbulent flow caused by fringing effect of
pneumotachometer conducting tube became emi-

Characteristics of flow measuring system with
Fleisch pneumotachometer under hyperbaric and
heliox environment.

G. Tomizawa*, A. Hashimoto**, 1. Nishi*, A.
Nagano*, K. Okonogi**, N. Suzuki**, H. Oiwa**
*Faculty of Science and technology,Science Uni-
versity of Tokyo, **JMSDF Undersea Medical
Center

The purpose of this study was to clarify the
validity of Fleish pneumotachometer under hyper-
baric air and heliox environment. The validity
was estimated by examining flow conductance FC
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nent at increased ambient pressure,and it was
proved to be effectively diminished by connecting
the properly designed tailing tube.Under 31ATA
heliox environment,the maximum flow rate that
would not caused turbulent flow inside the lamina
tube would be as high as 7.6(¢/s).

For the practical measurement of breathing gas
volume, three methods were examined. The first
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was a simple application of mean FC. The sec-
ond was a partial application of Fc-Ap depen-
dence by neglecting extreme higher flow rate
region, and the third was an exact full applica-
tion of the dependence over whole flow region.
The differences of the former two from the other
were estimated to be at most 2% and 1%.

The pneumotachometer for respiratory use
proved to be available in hyperbaric heliox envi-
ronment up to 31ATA.
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3 568.6 560.3 —1.47 657.6 15.6
4 531.7 530.1 —0.296 614.7 15.6
5 588.6 550.1 —6.55 641.1 8.92
6 574.7 568.5 —1.08 668.3 16.3
7 534.0 529.9 —0.768 616.4 15.4
8 599.7 596.3 —0.573 703.2 17.2
9 765.2 751.9 —1.74 913.1 19.3
10 659.0 658.1 —0.142 783.7 18.9

Vrwre-ar> =3 (Fc * Ap) * At
Vi(1)==(Fc(1)+Ap) * At
V.(2)==(Fc (2)+Ap) * At

i
5]

iy
5]

iZXK ER1= {V(1)=V t&Fc-apr}/V TFc—ar> X100%

oy

23]

Ko ZDRERIT FUNICANEYZ D34 & b —3
T 5,

MIR2o (@~ TCRER LTI BREIFhZ
hOBEES LT 4 70N X % Fc 0%
fbaxEb3, SO Fc it 7 5 7 (), (DR S
NBLOC AL 7OMINCL 5 TidE A EEENIL
BEDOI 5T, BAKEO Fc (M n k 5ic

12X ER2= {V(2)—V tFc-ar)}/V TFc-ar> X100%
c(1) ! # AEE A 3 CTRIE L7z FC OFHfE
c(2) . ¥ AEBHEED BV THE L 7 FC OFHE

BIEENBAT B Licht - T, BESBED Fe i,
L WS EMERL A,

BFHEEKy s av—va vV 7RIREBVTH
RO ER Y AL, FRAERYEREL ) voO
= a— %4 aA— 2 EKLT3ATA,
1IATA T Fc 2BIEL, » ARKRAM XORER L
B, ZOFABBKEMITIL ¥, Fc o R



136 BE=BE~V 4 7 ABETO7 e —QIEL 2T & HEEEzE Vol.23 No.3

K3 FcORELAA#51-9012, = (Fc+* Ap) * At L ANFE 2] & DK

Abm-y 31ATA 18ATA 12ATA 1ATA

NO FHEME | EER | FHEME | BEXR | FHEE | BEX | GTHE | BEX
' (@) (%) @) (%) €)) (%) @) (%)
1 1.989 0.553| 1.961| 1.969| 2.025| 1.258| 2.031| 1.533
2 1.998| 0.086| 1.964| 1.825| 2.018| 0.916| 2.032| 1.599
3 2.002| 0.122| 1.965| 1.767| 2.008| 0.376| 2.023| 1.126
4 2.009| 0.468| 1.996| 0.210| 1.998| 0.081| 2.030| 1.489
5 1.989| 0.537| 1.972| 1.401| 2.006| 0.306| 2.039| 1.930
6 2.001| 0.070| 1.995| 0.228| 2.018| 0.638| 2.019| 0.944
7 1.990 | 0.515| 2.007| 0.354| 2.005| 0.247| 1.996| 0.200
8 1.971| 1.447| 1.981| 0.940| 2.006| 0.288| 2.010| 0.513
9 1.972| 1.402| 1.990| 0.503| 2.015| 0.756| 2.001| 0.047
10 1.996| 1.689| 1.970| 1.491| 1.996| 0.220| 2.015| 0.731

E o] 1.992 1.980 2.010 2.020

W E| 2.65% 3.42X 1.98% 3.01%

=l 10 10 | 10~ 10~

THE=S (Fc- Ap) « At
1K= (2 (Fc- Ap) * At—2.00),72.00X100(%)

.-ty

o

X103
1.70
1.60F
1.50F
o
2
N 1.40F
w
AN
> 1.30F
[
1.20F
1.10}
1.000
BERE (ATA)
H12 ZKMETFTICH5, B/ S Ttz s 3 Fe nE{t
ERERY 7 ORAR . (%1 7L, DEBHA1 7DD
EGREE A v 7 OB - (OB 7L, OERA<A1THD
BEEOBE L 31ATA T17.9%, 1ATA T BT IREERED F A2 CRET TR o X
6.6%DIETERTH -7, ETHY, FMENPKEL LB EEF ABKD

CORIEERE, 7 —HIES AT 2OKIE FREMCERT 2LEL DD L mRT 5 b
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DTH5b,

(4) BE~Y A v 7 ABE TR} % Breath

by breath FER XUt & RIE

R2WRLIC3DDRRA 7R —a v E s &Y
2K T B KB B O 2R3 A BBICRST
THYRATAMEELEZLNRD, ThEMET
NFZERT 1 RBUACe s, » ARBEXE DRV
TV VYo =a—FXa -2 CERELTHE
L7 FC DP9 Fc @ X 5 Vi(2)id Vige-Ap
LT, BEEXRNBIBEBLDDOD T,

TIT, BEERIOWTEET S, SEATE
BE AV L, AERDOEBIE L VESKHIA 7 €
v b% AVo, Fc ®BRZEXRY k (=AFc/Fo) &F
HniE—#z,

AV=AVoXkV
TEbLEINRD, LV REMEMORESET
H%5,

WE, AVo & k b hid, 282 AV I3RHH
WENTEETH D, WIERKIC 2 2OREHEREY
30V )V ERAGT TR hOBEV, Vo
NI HREBEEAV, AV ZHET S LiIc L
D, ZDAVo & k XEBICHIEFTRETH 5, 2O
W L - T, WEOHEINEBEORAE T
HET D EDFRETH B,

WL =2 —E& 24— RHONFAFTOREER K
T 5, HI121C 35035 RETEORA TRV 2
0.9 [I/s], ZhIXKHELT0.84 [m/s] &b
kb, BE~NYF v 27 ABEFRAZRTBHLVA
NABRIUTOX 5 ERDBND, =a—FEF 2
A—2HDT I FIDMEOMEORERE
D=0.000958m (4 XWiHEE/ BOKIIY, ~v v
A HADMERE 7 3KR27TC BT 55 FE0.1
MPa(# 1ATA), 5MPa i\ T, ThEFh =
19.76, 19.79poise TH 5, D L 51T  XKEC
BEAEEKELIRGDT2ICIREFAB~) ¥ AN
ADREMFRBUL 19.8poise ¥ & B, BE p 13FE 1
25 p=6.759 [Kg/m®] TH5b, Lizh-TlL A
7 VW XH Re 1,

Re= (V+D)/u

= (0.837x0.000958)/ (4.16x10°) =274
LB, (BIREHERE £ =19.8X107°/6.76) = LI
B GMF Re>23101C kL, +5/h& v, D& &
SIATAD =2 — % % 2 2 — FHNOKFHOEREIL
—CEBRAEREE 2 bR 5,

BE=BE~VA» 7 RBETO7 e —JIEs 27 4 137

BisBiZ, TOWHKD=a—-—F &2 4 —-21TE
WC3TC, 3IATA LR} B KD AT iz~
Vo AH A DWTIRKET.S8 [[/s], HBHE
SKRET.06[m/s] AL, KREZRS FIcik T
FE31.7[1/s], »AH\EXKHHE29.4 [m/s] Ll
ThH5H,

LLiehd, =a—%4 3 4—20RSAKC
B <A TR EHETDHE FCHET B, Zhi
KD HA B OWHERHRIC X B H AT OB K
LTT 3 FBRLEBRALL Ehic 2 L& TRY
THLDTH 5,

ZOBEPLERESH T TD=a -2 34
— 2 DFERIZHI - T, ZOWMEHRICTHE
BIRETHD, FLBEROCTLEEOFE
# AR GEE T TR dNETH 5,

F & 9

BE~NYV A » 7 ABEFICBT B 7 a —JIE
AT A DEHBEIEIC R TROERY B,

() ~V Y 2 BEOHAILFCHET IS,
KRB O Nl Fc DBALRE ~ ) v A DBI%
3, y=a,+a,x+a,x?(y: Fc DF/tE, x : Fye
(%), a,=0.0573, a,=—0.161, a,=0.000493)
TH -7,

(2) BEEOHMAIL>T, FCRET L1,
KRB bt Fc o= - B FEOBIG%
1%, y=a,+ax;+a,x*(y : Fc 0Z&FbEK, x @ 18IS
E (ATA), a,=5.21, a,=—5.03, a,=0.112)
TH -7

(3) =a—& 32— 2OREICNTHERK
1 7 OUEBERHRIC L B ETOIH BB E A
LidbirrvREhdbokins,

(4) FRLk=2—%%22—F2ETB\T,
31IATA, ~V#* v 7 ARET, BEHERFFORK
SR E0.9 [[/s] wRFB L4 7 v XHUL Re=
214TH o Te, ZOBE, BIRIERO FRERIRF I
B7.58[Il/s] THB, LinLichib, EE, &
DBMEH 2B AELDTIIHESIREYERL T,
B A TOMREBYCRETNETH 5B,

(6) SEBED # A[EIEKIZ X % Breath by breath
SEWNEICIRVTEYD Fe i A BIEE i
Fc-Ap BAfR & BE I HA L 7cB& o JIE E it
LT, TORERIFA 2% THoTc, Tl R
T ABREDORMPIMELXB AR EERCLIEZD
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BERITIBUTETCHETHZ EDTES,
E| F=3

RERBITROCHIC Y EROZEXHEZEL
foifg B EBREKEERREKE S B INHERE
Bl —SEtxABLAOKRK, ROV EFRESL
ARG L E T,

Fhe, BB AT ADFIFCHNEEZE LY
=R e vROBREAN, GHY, HAREL R
Ee T - AN E F LAERERAE
DINEEREL, EXREOLKICEHL T,

B £ x W
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