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Experimental Study on Pneumafil (1)

( Received Sept. 25, 1952 ) .
Ichiro WATANABE*
Noriyoshi HOMBO **
Gakuzo OSHIMA ***
Abstract

. Two types of pneumafil are considered practical in textile industries. The first
type is a pipe of wvariable cross-sectional area with holes of constant area fitted
to the suction side of a blower to maintain the weight flow of air through each
hole constant, and the second type is a pipe of constant cross-sectional area with
holes of variable area to maintain the weight flow of air through each hole
constant.

'Experiments were conducted concerning to the above-mentioned two types of
pneumafil provided with three holes. Besides, the authors have made theoretical

analysis to obtain the simple formulae which coincide fairly well with experimental
results.

I. Introduction

Pneumafil used in textile industriés is a device or pipe having several small
holes fitted at the suction side of a blower and the object of the device is to
keep the weight flow of air sucked in through each hole constant. Two types of
pneumafil are considered practical. In the first type, the pipe fitted to the suction
side of the blower is of variable cross-sectional area, while the holes remain of
same diameter. In the second type, the pipe is of constant cross-sectional area
with holes of variable diameter.

Experiments were performed for the two types of pneumafil, the numbers of the

holes remaining three in each case. Further, theoretical formulae were derived
approximately as to obtain the simple expressions for each type of pneumafil. The
comparison of the experiments and theory showed fair coincidence as far as the
number of holes remained three.

II. Theoretial Derivation of the Expressions for Pneumafil

(1) Pneumafil fitted with pipe of wvariable cross-sectional area with holes of
constant diameter
Fig. 1 represents the pneumafil having pipe of variable cross-sectional area with
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62 Ichiro WATANABE, Noriyoshi HOMBO and Gakuzo OSHIMA

holes of constant diameter. Let A be the constant area of each hole, and further
F,, Iy, --.., F, represent the cross-sectional areas of the pipe at the center lines
of the successive holes, the subscripts denoting the numbers of the holes derived

IWER from the farthest end of the

/\ P Ty P, BT, BT, pipe relative to the blower.
! \ L b sy F2 P Further, letpy, ps, ps, - n;
. —'Lwn ""w Th T2, Ts, """ > Tn and w;, u)g,
Ar;\ AN A \G W, weeee , W, be the static

G2 - '  pressures, absolute temper-

Gz
atures and the velocities of
air at the above-mentioned

Fig. 1. Pneumafil fitted with pipe of variable cross-

sectional area with holes of constant diameter sections respectively.  The

: weight flow of air sucked in

through each hole at these sections is shown as Gy, Ga, Gg, -+ , G respectively. In

addition, we represent pressure and absolute temperature of the surrounding atmos-

phere as p, and 7. In the case of pneumafil, py, P, , Pn are usually smaller than

po by the amount of 100~300mm Aq, and hence the assumption T1=To=Ts=++++=

T,==T, is considered permissible. To obtain the relations satisfying the condition
G,=G; =Gy=--++ =Gy in this case, we may proceed as follows. ’

The weight flow equation through the first hole may be expressed as G, =
A/ 2gv(pa—p1) ,where o denotes the discharge coefficient of the hole. In the
above expression, the correction factor for pressure & is considered to be unity on
account of small pressure differences. Putting ,=p./R7T, into the above equation,

we have

G = aA J2228 (p—p0)= a Ay B b o1 (1)
Substituting w,=G,/v:F, and v,=p,/RT, into the above equation, we obtain
2
%’Y = FA Do(Po—1D1) (2)

On the other hand, we have the relation py=p;+(w:2/2¢)v;. Putting this relation
into eq. (2), we get

a?A?
D= F—lzﬁo (3)
Substituting eq. (3) into eq. (1), we find
G = aA _ a?A?
1= aApy RTO(]. Fla) an
As for the second hole, the weight flow equation becomes to
G, = al ‘/ R’g‘Po( bo—Db2) (4>

(2)
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Hence, the expression

pr=t= “;:‘ﬁ”po 3.1

must hold if the condition G;=G; is required. Further, we are able to write down
as follows by means of the relation G;=G; and eq. (1.1).

_ Gi+Gs _ RET, atA?
s yaFs DoF: 226¥'Aj) «/RTO(I )

Hence, we have

= (0= g

On the other hand, we know the relation (w,?/2g )y:=py—p:=0Ds—p;, and so we

get
C(:'/l2 F] a2A2
w(1-%3) = (7 Y (-5
by egs. (3.1) and (5). Therefore, we find finally the following expression.

R _1
B~ (6

As to the third hole, we may proceed in the same manner. Thus, we have

Go = wA /2 b pupy) (7)

Hence, to satisfy the condition G;=G;=G;, we must have
a?A?
Dr=p2=ps= T Do 32

According to the relation y;=ps/RTo=(po/RT, X a2A%F\?), we find

G1+Gz+Gs 3aAp 2g (1 oA\ 1 RT, Fy?

Ws = CsFy ’ RT, Fy py oA

Fl F3 pl) aZAi

Calculating (ws?/2¢ )ys from the above expression, we get
w;? a?A? h atA?
peve = 9( 1- %k )( ) b= po—pe=p0 ( 1-%4)

and so we obtain finally

P 1
=5 6D

On repeating the same process, we find the following relation for the # th hole.
F_1
T (62
(2) Pneumafil fitted with pipe of contant cross-sectional area with holes of variable
diameter.
This type of pneumafil has already been treated theoretically by Prof. Y, Niitsy

(30



64 Ichiro WATANABE, Noriyoshi HOMBO and Gakuzo OSHIMA

and M. Kurahashi?, but in this paper we may treat the problem so as to obtain
the results in simpler expressions.

BLOWER The pneumafil in this case
may be expressed as in Fig. 2.
As shown in the figure, the
cross-sectional area of the pipe
F remains constant, while the

PTs

P T,

P T

area of each hole varies as A,,

Fig. 2. Pneumafil fitted with pipe of constant Ag, Ag,eeeee »An. If we assume
cross-sectional area with holes of variable Ti=Ty= -+ = Typ==Tp under
diameter the condition G;=Gy=+---=Gy

as in the previous case, no
great differences are considered as long as the magnitudes of the pressures p, pa,
------ ,bn are concerned. Thus we are able to assume approximately that the velocities
of the air at the cross-section corresponding to the center line of each hole are
wi, 2wy, 3w, nw,; respectively as shown in the figure.
The weight flow of air through the first hole, i.e. the farthest hole from the
blower is, as eq.(1),

Gi=atiyf % ppip0) (8)

Further, remembering the relation

wy = Gi[y1F = (RTo/Fp1 ) Ay (2g/RTy) p po—11),

we have w?,  _ a*A® P -
» —zé')’l =—fFz P (Po—101)
Hence we find
23 2 .
b=y TAL (9)

which is identical to eq.(3) in the previous case. Further, we obtain the following
expression.
Do =Pz + f*12%*&")’2 = pa + 4&%?1’2— 4pa

In this case, it is expected that the weight flow through the second hole A; is
smaller than that through the first hole. Because .of the constant cross-sectional
area of the pipe, the air flow through the second hole may be restricted on ac-
count of the air stream in the pipe already sucked in through the first hole.
Thus it is natural to assume that there exists some resistance to the air stream
through the second hole to adjoin with the air stream already flowing in the pipe.
Taking into account of this resistance, we put

Gr = aNAs v/ 2gyl Po—pa) = lpo %( 1_0%41_“) 1D

1> Y. Niitsu, M. Kurahashi, Jour. Textile Machinery Soc., Vol.5, No.1, 1952/1

C4)
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where ) denotes a coefficient which represents the resistance in question. Hence
it is clear that A>1. Substituting eq.(11) into eq.( 10 ), we obtain easily the follow-
ing expression.

1 2 A.2
A 1-— ) = A 1- %) a2

aiAp
Similarly, as for the third hole, we have

w,? F?

po=Pa+92—gx“')'s =ps( gmps—8 )

1t is considered that the air stream which enters into the pipe through the third
hole A; is encountered the resistance greater than for the second hole 4,. Thus,
if we assume the resistance in this case correspond to A% we find as shown

later that the theory coincide fairly well with the experimental results. Namely,
putting

- 2
Gir=anAsy/2gy(po—ps) = AAipo 1—22:‘7’,—0( 1—-“;‘;11)
we obtain the formula as follows.
1 _ a?A,?
a2 (1 - — gt —s) = ap(1-240) 12.1)
dzAlz
Generally, for the n™ hole, we have
n— —_ 1 —_ 2 _0‘21412
) IA,.n( 1 —F —-(nz—-l)) = A, ( 1 Fi ) 122
a?A,?

In our case, the experiments are carried on when the number of holes is three,
and so it is necessary to examine the degree of coincidence of eq.(12.2) with the
experimental results when # exceeds three. However, we are convinced that the
formula (12.2) is applicable as long as n does not exceed five. The value of A
may vary as F/A, varies. In our case, the value of A=1.040, A?=1.081 is found to
.bring the eq. (12.2) in close agreement with experimental results. _

In the former case, i.e. when the pneumafil is fitted with pipe of variable cross-
sectional area with holes of constant diameter, we have not taken into account
the coefficient A. The factor A is considered to be unnecessary in the former case,
where the variation of the cross-sectional area seems to allow the air to flow
through the successive holes with as much easiness as with the first hole.

III. Experiments of Pneumafil

(1) Experimental set and method
The skelton drawing of the experimental set is shown in Fig. 3. The pipe of
the pneumafil is fitted on the suction side of a blower driven by an electric motor

(35)
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MOTOR y BLOWER

NOZZLE FOR
AIR FLOW
MEASUREMENT

Fig. 3. Experimental set of pneumafil

of 220/200 W. The free end of the pipe is enclosed, and three small pipes fitted
with round type nozzles are attached to the main pipe as shown. Thus the holes
are represented by these round nozzles in our case. As the rotational speed of the
electric motor is variable by an electric resistance, it is possible to alter the overall
weight flow through the blower. As is shown in the figure, the weight flow is
measured by round nozzles using water manometers.

The pipe of variable cross-sectional area with holes of constant diameter used in our

— P /l experiments is shown?® in
“*g —T‘\’. Fig.4. The values of Iy, F,

| ¢ and F; in this case are

( L1 enumerated by egs. (6) and
2 100 120 : 120 (6.1), and further, as the
‘ _l_ inner diameters of the round

nozzles are all d=8mm and

he inner di
Fig. 4. Pipe of variable cross-sectional area with the er diameters of the

holes of constant diameter small pipes fitted with the
' round nozzles are selected
as 16.7mm, it follows that the value of area ratio m=0.2295 and hence a=0.847
for each nozzle. Experiments concerning to the pneumafil fitted with pipe of
constant cross-sectional area with holes of variable diameters were conducted by
a pipe shown in Fig. 5. In this case, the diameters of the round nozzles used were
d=8.,0mm, 85mm, 9.0mm and 9.5mm, and the experiments were carried on by
the following configuration of nozzles. :
(1) di=da=d;=8.0mm,
(2) dy=85mm, d:=9.0mm, ds=9.5mm,
3) d;=95mm, d,=9.0mm, d;=85mm,

2) Round nozzles are to be provided for Fig.4 as shown as for Fig5, but in this case
the nozzles are omitted in the figure.

(6)
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100

100

—Ja3sie-

Fig. 5.
of variable diameter

From the results of these experiments, the diameter ratios relative to the diame-
ter of the second hole d» were determined with respect to the condition G,=G.=
Gs. In three cases cited above, the inner diameters of the small pipes to which
the round nozzles are attached are determined so as to maintain the area ratios of

198

g

the round nozzle m=constant, thus a=constant.

(2) Comparison of the formulae with ex-
perimental results.

The experimental results for the case of
pneumafil fitted with pipe- of variable
cross-sectional area with holes of constant
diameter are shown in Fig.6. In this case,
the cross-sectional area at each section is
calculated by eqgs. (6) and (6.1), and the
results were that although the weight flow

of air G, and G; are nearly equal, G, is

somewhat lower than G, or Gs. The dif-
ferences are, however, relatively small,
For the case of Gi=G+G:+G3=12.08%
10-3kg/s, it is found from the figure that
Ga=Gy=4x10"%kg/s, while G;=3.8x10"*
kg/s, to find the difference of 5 per cent.

As to the case G:=5.31x10"%kg/s, the deviation is about 7.79%. Hence it seems

WEIGHT FLOV}/» 0F AIR G 10°K9/5

L
i

Pipe of constant cross-sectional "area'with holes

[4)]

Gy = 1208x10°%g/5

—
Ce=1 ! 48x10731K9%5

.\\
Gt = 915x 103K/

Gr = 743x 1073 K9/s

— ]
Gy = 531x 103 Kd/s —

T —

HOLE3

HOLE?2

Fig. 6. Results for pneumafil fitted
with pipe of variable cross-sectional
area with holes of constant diameter.

practically permissible to apply eqs.(6) and (6.1) as long as the number of holes

does not exceed three.

The exprimental results for pneumafil fitted with pipe of constant cross-sectional
area with holes of variable diameters are shown in Fig. 7, Fig. 8 and Fig. 9.

C7)

HOLE 1
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DIAOF HOLE mmas 90 85

Fig. 8. Results for pneumafil fitted

Fig. 7. Results f fil fitted R
i 7 esults for pneumail fitte with pipe of constant cross-sectional

with pipe of constant -cross-sectional
pip area with holes of variable diameter.

area with holes of variable diameter.
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i

POSITIONOF HOLE 3 2 |

Fig. 9. Results for pneumafil fitted Fig. 10. Diameters of the 1st and

with pipe of constant cross-sectional 3rd hole when diameter of the 2nd hole
area with holes of variable diameter. is selected as unity.

Replotting these results, it is able to find the diameter of the first hole d; and the
diameter of the third hole d; when the diameter of the second hole dx=1 as the
condition G;=G:=G; is required. This relation is shown in full lines in Fig. 10.
On the other hand, the caleulated results according to the eqs.(12) and (12.1) by
putting A=1.040 are shown in dotted lines. These evaluated values are d;=1.025
and d;=0.98 which are in close agreement with experimental results. Thus egs.(12)
and (12.1) give fairly accurate values so far as the number of holes remains three.
Although the application of the eqs.(12) and (12.2) to the case of n holes should
be examined experimentally, the equations are considered to be applicable with

(8
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permissible errors for the case of n=5.

IV. Conclusions

The above-mentioned analysis and experimental results lead us to the following
conclusions.
(1) When pneumafil fitted with pipe of variable cross-sectional area with holes of
constant diameter is under consideration, éqs. (6), (6.1) and (6.2) are applicable to
determine the cross-sectional area of the pipe so long as the number of holes
remains three.
(2) When pneumafil fitted with pipe of constant cross-sectional area with holes of
variable diameter is intended, eqs. "(12), (12.1) and (12.2) are applicable for the
determination of the diameter of each hole so long as the number of holes
remains three. It seems permissible to apply these equations as long as the number
of holes # does not exceed five.

The authors are intended to perform experiments for the case of pneumafil with
larger number of holes.

€9)



