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1. Influence of the clearance between bed and
mouth sucking a solid body

Yoshikuni Oavama*
Tokuji Yacr+¥
Yoshihiro SaTo***

Masaru Sarto***

Synopsis

In order to investigate the influence of the clearance between the ground and
the suction mouth for the lift of the solid body, the room experiment was conducted
by using the model bed and the circular suction mouth.

The change of the lift was obtained by means of measuring the tension for the
solid sphere laid on the bed.

The drag coefficient of the sphere increases initially due to the hasty increase
of the velocity at the inlet of the mouth and gradually approach the constant value.
The similar flow around the suction mouth is given by adopting dimentionless para-
meter and its general relation is expressed as follows:

[ L =lNel2 Rl )
.

% %
Cp=ksR%
he *
where Cp=f/{§($3.52VP)2DE}

Ro=[2(D£*V,)

The numerical calculation utilized Finite Difference Method was carried out for
potential flow in order to examine the similitude of the flow. As the result of this
calculation the relation of the similitude is given approximately by dimentionless
parameter derived for the experimental data.

Further, it is revealed that this parameter, £3-*2, decides absolute velocity at ar-
bitrary point of the flow field excepting back area of the sphere.

% Senior Research Engineer, Machinery Division
%% Chief of the Hydraulic Transportation Laboratory, Machinery Division
%3¢ Member of the Hydraulic Transportation Laboratory, Machinery Division
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Influence of the clearance between bed and mouth sucking a solid body

1. Introduction

The researches on the problem dealed with a clearance between sea bed and suc-
tion mouth have not been carried out because that the influences by the clearance was
not significant in ordinary port and harbour construction. However, judging from the
results®® concerning suction hopper dredger the influence of clearance becomes to be
considerable factor in case of dredging with auxiliary device such as teeth.

Further, as far as dredging of hard rock by electro-magnetic wave is concerned,
the clearance between suction mouth and rock surface is restricted. Therefore in this
case the effective inlet flow enough for gathering crushed rock must be considered to
the restricted clearance. In addition to these matters this problem should require more
consideration also in deep sea dredging by air lift system and in the treatment of solid
disposals.

In order to grasp the influence of the clearance the room experiment with model
sea bed was conducted and the drag force of sphere by the flow absorbed into suction
mouth was measured. Moreover the numerical calculation by Finite Difference Method
(F.D.M.) was conducted in order to investigate the similarlity of the flow to the
various clearances.

This paper presents the details on the aforementioned experimental and theoretical
investigation. :

2. Experimental Instruments and Procedure

2.1. Experimental Instruments
The aspect of experimental facilities is shown in Fig. 2-1.
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Fig. 2-1 Shematic description of experimental system
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The dimension of the water pool used for this experiment is 1.0 m in depth, 1.5m in
width and 5m in length. The flow around the sphere is given by the suction pump
of which specifications are followings.

Caliber.....occueviiviuiiiiiiiieeeeeeennnns 1 1/2 inch
Delivery Quantity.........cccuevvevnnnn... 0.2 m*/min
Total Head.........cooovvineeeenninnninnnnnn., 11.5m

The model bed (3) made of stainless steel has the breadth of 400 X 400mm and in-
stalles the small pipe which protects flactuation of the sphere in the horizontal direction.
The inner diameter of this pipe is 1.0 mm and fine stainless thread (7) fixed at the
center of the sphere (1) is connected to the tension meter (4) through the pipe. This
tension meter is placed on the laboratry jack (5) which adjusts looseness of the stain-
less thread. The clearance between the suction mouth and the bed, C;, is changed by
using the jack (6). The dimension of the sphere and the suction pipe is

D,=31.4 mm

D,=40.6 mm (thickness £=4.2 mm)

400°

AF
L /[—
Eaies ame

017% nTg

Fig. 2-2 Connection of sphere and tension meter with stainless thread

Fig. 2-2 show the details of the connected part between the sphere and the tension
meter. The capacity of this tension meter is 1,000 g (max) and, then, the amount of
strain shows 1,070 micro strain. There is no influence of water pressure to this tension
meter because water pressure affects to the diaphragm upward and downward. The
Photo. 1, 2 show the model bed and tension meter respectively. The sphere is acryl
ball and its specific weight is 1.185.
2.2, Experimental procedure

Firstly the clearance C, was set by using the jack (6) on the condition that the
stainless thread was loosen. Then after this thread was adjusted in order to obtaine
accurate tension, the pump was driven. The flow velocity was varied with the open-
ing ratio of the valve installed at the delivery pipe and the flow rate was measured by
the measuring tank placed bellow the delivery pipe. Tension and vaccum pressure
were simultaneously recorded on the oscillograph.

As the clearance C, change finely during the experiment, the clearance C, was
strictly measured before and after in the test period. Judging from this measuring
there were little difference between two clearances.

— 8 —




Influence of the clearance between bed and mouth sucking a solid body

MODEL BED

GLASS BALL

Photo. 1 Model sea bed

Photo. 2 Tension meter

The procedure mentioned above is one experiment for one condition decided by
the clearance C, and it was repeated for 15 kinds of clearance.
each test. In this table the number of times, N, doesn’t mean continuous experiment.
Though there exists a little difference in data for same clearance and flow rate, this
can be thought the adjustment of stainless thread differed finely in each time.

Table 1 Clearance for each experiment

Table 1 shows C;, for

Case No. C, (mm) Number of time
1 53.0 .2
2 51.0 2
3 50.0 3
4 49.0 2
5 47.0 3
6 46.0 1
7 45.0 2
S 44.5 1
9 44.0 2

10 43.0 1
11 42.5 3
12 42.0 1
13 41.0 1
14 40.0 1
15 37.5 2

— 9 —



‘Yoshikuni Oravama « Tokuji Yacr - Yoshihiro Sato - Masaru Saito

The water level H, was kept constant during the whole experiments and didn’t
decrease in the period of measuring of flow rate due to the relatively wide water pool.

3. Numerical Calculation of Drag Force

The calculation was conducted on the assumption that the flow is axially symmetric,
incompressible and potential flow. The basic equation on potential flow is substituted
approximatery for finite difference on arbitrary point in the flow field. The flow is
decided by solving the approximate formula so that it is satisfied in all points. On
boundary the known stream function is given as boundary condition. The dimensions
of the sphere and the suction pipe are

D,=31.0 mm
D,=40.0 mm (thickness £=4.2 mm)

Basic equation for the axially symmetric, incompressible and potential flow is
obtained as followings. We let suppose ring-shaped space in coordinate system(r, 2)
as shown in Fig. 3-1, where # and w are velocity component in » and 2z direction
respectively.

The amount of volume expressed by (1) goes out per unit time through the per-
pendicular surface to z axis. o : '

ldz

w

U r

Fig. 3-1 Axially symmetric coordinate
a—(me‘-dr)dz S (D)
0z
And that expressed by (2) goes out through the perpendicular surface to 7 axis.
a .
?(uZTrrdz)dr A 2>

The sum of these two values is zero according-to the law of conservation of mass.
That is

%— (w27rdr)dz+%(u27rrdz)dr=0

— 10 —




Influence of the clearance between bed and mouth sucking a solid body
Thus,
2 )+ =2 (ur) =0 ' (3)
0z - or

The relation (3) is necessary and sufficient condition for that (wrdr—urdz) is total
differential. This total differential is represented by d¢.

d¢=wrdr—urdz (4)
Therefore,
5
1 09 (5>
W= Tor

where ¢ is named Stokes’ stream function® for axially symmetric flow. The basic
dw _ 0u
or 0z
2 2 o ’

Py 12,39 | 6)

o' r or

equation (6) with condition for no rotation, =0, is obtained by equation(5).

Equation (6) is expressed approximately as equation (7) by using the stream function
at point 0 and other four points around it in Fig. 3-2.

F4

r

Fig. 3-2 Partition by square mesh

Y 1 9y ¢ 1 —ag =
art  r or + 02° —A’[¢'+¢2+¢°+¢' Ado Z—f_] (7>
where,
f="o/A

Thus the relationship (8) can be obtained from Eq. (6) in the flow field as shown in
Fig. 3-2.

Gt get ot gu—igo— LBz (8)

Therefore, when the stream functions on the whole points are calculated so that the

— 11 —
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left side of the relationship (8) for each points may close to zero, the stream function
for every points satisfy equation (3) approximately. Such calculation was conducted .
by means of Relaxation Method®. ’
3.1. Partition of flow field by grid lines
The flow field as shown in Fig. 3-3 is divided into square parts by many grid
lines. The mesh is fine for the part in which the flow changes quickly and rough for
the outside part. Though such a different partition may have some influences on the

result of the calculation by using Finite Difference Method, this matter is not con- o,
sidered in this paper.
' ‘% v € w % lv 1 .
H 2 e B — - L_w
S ] I3 G ' G
—— L
L
< cL E
=0
Ds 8
A
2lr) 7

()

Fig. 3-3 Schem of flow field

Now, the center line can be treated as boundary under potential flow. Further,
the annular outside wall differing from one of the experiment is used for this calcula-
tion on account of the convenience for the decision of boundary condition.

~ The Photo. (3) shows the flow field devided into fine mesh. '

Photo. 3 Partition of flow field by square mesh

3.2. Boundary condition
If the flow on D-E and H-I is assumed to be uniform flow of which velocity is

V, and V'’ respectively, u=0 and w=V, are obtained on D-E.
From equation (5), we have

V=19 (9)

Poroor
Hence, ¢ is obtained by integrating equation (9).
— 12 —



Influence of the clearance between bed and mouth sucking a solid body

¢=%—T2+C| (10)

Equation (10) is expressed in non-dimensional expression as follows :

* * .
¢=r*+K an

where,
7=r(B, ¢=¢/%B’

If we choose the condition of ;be=0 on I-J-A-B-C-D and $=1 on E-F-G-H, K must
be zero.

*
Therefore non-dimensoonal stream function, ¢, on D-E is decided as follows:

d=r° : a2

As far as the boundary H-I is concerned, the velocity, V’, on H-I is expressed
by V, due to the condition of the continuity.
That is
B2
Vl:ngTLZ:VP (13)
Hence, as shown in equation (14) stream function on H-I is derived with same proce-
dure for equation (12).

* *L_;fz
=%x—% QL)
Li—L?
where,
* *
L2=I,2/B, L1=Lx/B
Thus, the boundary condition is obtained as follows:
¢=0 on I-J-A-B-C-D
$=1 on E-F-G-H
d=r* on D-E
o=Li—rDIL—LY) ............ on H-I (15)

where all values are written in the original expression, but now they are non-dimensio-
nal value and it is the same in the following procedures.
3.3. Calculation by Relaxation Method
3.3.1. Gradual formula

(a) Case for square mesh

We now let derive the gradual formula for the point 0 in Fig. 3-2. By putting
the error, ¢,, into the relation (8), equation (16) is obtained.

¢,+¢,+¢,+¢.—4¢°—¢_'2}ﬂ=e, ae)
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If we correct ¢, so that the error may close to zero, and the addition is denoted by
e, equation (16) becomes

Git ot ot Go— 4(¢'o+s)—-¢‘2f¢3—0 an
Hence,

1 di—¢s] _

_4[¢1+¢2+‘/’3+¢4 2f ] ¢'o . (18)

is obtained.

Generally speaking, the vaue corrected on the value of ¢, is expressed as equation (19)
by using the calculation coefficient, ..

¢c+ks=¢o+§[¢l+¢z+¢s+¢4 ¢,2f¢] kg | a9
Equation (19) is extended to the general gradual equation as follows:

gy =be [y g+ gt gir - f“’( 4 a-kge (20)
As in this paper the calculation was carried out for k.=1, equation (20) becomes

¢‘“"——[¢"’+¢">+¢"’+¢"’ ‘b(’)z}‘bw] 20y’

(b) Case for unequal square mesh
The area near to the surface of the sphere has the unequal mesh as shown in
Fig. 3-4.

Fig. 3-4 Partition by unequal square mesh

The gradual formula for such mesh is derived as the followings.

We now let investigate the order of the error in the finite difference used in
equation (8).
This can be understood by considering the Taylor’s expansion on the stream function, ¢.
For example,

PO\ _Liy 4y | |
(55) =Z:tgu+g—200) @

— 14 —
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is obtained in Fig. 3-2. Now, if Tailar’s expansion is applied to the right side of
equation (21), equation (22) is developed as follows:

(£L) =510t D+ 9= 24}
=F {poo+fg o+ 5o+ 5o+
+Hp oA+ 55O~ 5D+ ~20 0]
=§zi(ro)+2[;;’)fl—’!°)42+iz)§_?)m+---] (22)

2 ..
As ( Zb) is substituted for ¢(»,) in this calculation, the order of the error is 4°.
0 !

2
Similarly, another differences (Zz(/:) and r( 6¢) have the order of 4* for partial
. 0 [} [}

. (0 ) 1 ( a¢) o
differential ( %27, and %), respectively.

Therefore, the order of the approximate error must be the order of 4°.
Let us utilize Tailor’s expansion on the stream function ¢,, ¢, around the point 0
in the direction of r-axis. And if we omitt the terms higher than third order of 4,

Gi=go+ "1¢,’°+2,¢., 23)
L O )

are obtained. If we eliminate ¢, from equation (23) and (24), the value of (%)0

is expressed as

(?f) A[lizagboz,(/)s 1+1 = ¢°)] (25

Thus,

(«M) -7 1+1z,)f {¢°z,¢3+2°(¢‘ ‘b")} @

is obtained.

2
Similarly, the difference (gr‘f) in Fig. 3-4 is obtained as follows:

2:4)? - _ (2:,4)°?

=g~ 1. wo‘*‘ o1 $o— " 3] o @n

b=t dut Biibot 5 @)
2, o)

gs=¢o+ 1| wo+(224.) o+(234!) Jo (29)

— 15 —
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. @
By eliminating ¢, and gZO from equation (27), (28), (29), we get

o'¢ #[2(2—23) _1=2, 6¢, _3—2 ]
(6r) 1% STt T nar e - & v (30)
Similarly, we get the following equation.
52¢ _l 2(2_24) _1_14, 6¢4 3—24
(50) = i T AT T ) GD
Hence,
(«m &g _1 6¢)
ort 022 7 or /o
=_1_[2(2 '23) +2<2_24), + 6¢'3 6§[14
L1+, 12, T AQFA) CF A 7——‘—4(1“,)(2“,)
_1=2, 1-2,, _(3—23 3— 24> 1 ($o—¢a
212,212,872, $o— (1+13)f( to— 91’)
=L[2<2 2D, 2=, o 6, + 60, 1-2,,
7 T PR G TRaT e 2T A
1—2 &, & {11—2,31331}
Tt A Ay \Q A & & T }¢°
=1:(T—Kgo) 32)
where,
_22—=2) ,  2(2—2) 64 64
T="177 9174 Y narm e T narn =

1—2, 1—2, 1 '<¢ _ )
PR R L 2+z4‘/’5+(1+13)f 2 z

1 1=, 8—2,3—2,
Keadnor o 74 T 4

Therefore the gradual formula (33) is derived with the same procedure in equation
(20)’.

P§HO=TP KD (33)

In the partition as shown in Fig. 3-5 the stream function can be used only one
stream function in the negative-direction of Z. In this case the following finite differ-

2
ences are used for obtaining (ggf) .
2

()25

A4
(S )s=t7™
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Consequently,
(%2) W{%;%—«bo—@)}
WV (1+z ){¢ —Ho—go- 9"4)} €N)

is obtained.

The error of equation (34) is expressed as followings by means of the method men-
tioned previously.

(55).-(5%5)
(1+z) @

— __(1 P )A¢u e LRI (35)

The order of the error 4 in equation (35) differs from that in equation (22).
The difference, however, is ignored in this paper because the flow doesn’t change
quickly around the area shown in Fig. 3-5.

4
Pu

Fig. 3-5 Partition in nook

Therefore, if we use equation (34) in place of (6°¢[62?), in equation (32), 7" and K
are given as

22— 1) 2 6
=717, ¢t na—m?t rarwern?
2, 1=k, .
BRI R (1+13)f( “¢)
L, 3—2 1
K==7=4+ +(1+zs)f(23 2’) (36

And, if we substitute 4=1 in equation (32) and (36), we have equation (37)
T=gt ot ot do=5 (1= 62

K=4 €1))

This coincides to the value for square mesh.
Therefore, all gradual formulas are expressed by equation (33).

—_ 17 —
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(C) Case for unequal grid space

In this calculation, 4 kinds of distance 4 between neighbouring grid lines were
1, 2, 4 and 8 mm.
The stream function for the part where distance, 4, differs at the neighbouring points
as shown in Fig. 3-6 was calculated as followings.

D Fa Y 2 D
— N4 AV %)
&——oB
f\3 f\o f\1
AN AV T
87 DA
P PN P )
v LV % A
) 4

Fig. 3-6 Mesh constituted by different space

The stream function for point 0 was calculated by using four points around it, those
are point 1, 2, 3 and 4.
For point A, the arithmetical mean value of the stream function for point 0 and 4 is
adopted and for point B, that for point 0 and 2.
3.3.2. Calculation

The calculation for a clearance C, was repeated until the error became less than
the initially fixed value. ‘
The remaining error for the stream function ¢, after the jth calculation is expressed
as follows: »

5(7{,)= I T(I)_K(I)¢gf)| (38)

Equation (38) was calculated for the whole points in each time after the calculation
of equation (33). The calculation was ended when ¢,, became less than the initially
fixed value ¢,. All stream functions for that time were adopted as the solutions in
this calculation for one clearance C;. The limit ¢, was choen to be 10~* and the initial
value for the whole inner points was adopted to be 0.5. -

Further the clearance, C,, in this calculation was varied in 6 steps and the upper
parts from G-G line was expanded according to the increase of C,.
The Photo. (3) shows the partition by the mesh for the largest clearance C,.
The dimension of each parts is shown in table (2).

Table 2 Condition of numercal calculation for each clearance

Case No. [C, (mm) | B (mm) | H (mm) | L, (mm) | D,(mm) |Number of Point Calculated
1 42.0 20.0 14.0 80.0 31.0 723
2 46.0 20.0 14.0 80.0 31.0 769
3 - 50.0 20.0 14.0 80.0 31.0 815
4 54.0 20.0 14.0 80.0 31.0 861
5 58.0 20.0 14.0 80.0 31.0 907
6 62.0 20.0 14.0 80.0 31.0 953

— 18 —




Influence of the clearance between bed and mouth sucking a solid body

3.4. Pressure and velocity profiles on a sphere surface
The tangential volocity at the point 0 on the sphere surface in Fig. 3-7 is given by

r

Fig. 3-7 Sketch for calculating tangential
velocity on a sphere surface

v,=l( o4 )o (€))

o\ On

where 7 means the length in the normal.
Now, we let adopt Tailor’s expansion and neglect the matter of which the order of
partial difference is higher than three.

Thus,
pombraro (3 1 (58)
s=ora(50) +5(5F), @n

are obtained.

2
If the matter concerning (gngb) is eliminated, equation (42) is obtained.
0

99\ _ _ 2a+b a+b a_
(W).,“a(ﬁb)‘r”” b 1 batmy?e (42

And equation (39) can be calculated by using this equation.
Thus, the pressure P, acting on the surface of the sphere is expressed as follows:

P,= rm{r(l—sin 0 —-%} +P; (43)

— 19 —
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where, the pressure at the top of the sphere Py is chosen as zoro.
Hence, the vertical force T, affected by P, in Fig. 3-8 is given as

z,

/2
P, sin 6 cos 8d60 (44)

—z/2

Te= —27rr25

Fig. 3-9 shows the calculated result of v, and P, for V,=3 (m/s), and Fig. 3-10
shows € given by equation (38) and the number of repetition for each case.

YA o

A

Pr

} ; N U
r
| g

Fig. 3-8 Sketch for calculating pressuredistribution on a sphere

D

VELOCITY  DISTRIBUTION

Fig. 3-9 Pressure and velocity profiles on a sphere obtained by calculation

— 20 —



4.1.

Influence of the clearance between bed and mouth sucking a solid body

g

0110

05x10°

Fig. 3-10 Eroor for the frequency of calculation and the number of
calculation at the time error attained the final error

4. Analysis for Experimental and Calculated Results

CASE 1

/.
i \

.

Number of calculation

Similarlity parameter

g

o]
o
e /
/°/
aily
NN

(1)

(#)

Drag force T is expressed as equation (45) by using tension T.

%-: T+ u/ae_ Wte

Number of cross point

(45)

where W,, is the weight of the sphere and W,, is buoyancy acting on the sphere.
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*
Fig. 4-1 shows T according to mean flow velocity V, in pipe. According to this figure
the experimental data lay almost on a straight line for each clearance C,; and this fact
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Fig. 4-1 Drag force obtained in experiment versus V,
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reflects the general trend that drag force is proportional to the nth power of velocity.
In order to examine these data, let us do dimensional analysis by selecting density of
water o, diameter of the sphere D,, mean flow velocity V, and viscosity of water g. Thus,

T=k D’V2( ey (46)
OL; ppD,V)

is obtained, where k is dimensionless coefficient.
As equation (46) doesn’t involve the influence by the clearance C;, & must be coefhi-
cient which involves the mattes on the clearance C;.

If we consider the mean velocity v, in Fig. 4-2, v, is written by

D

vm=4—CPLVp=$Vp : “n
A Vp
<— Dp
?,. - CL
m
TTTI7Irrrirrrrrriririid
Fig. 4-2 Sketch of flow around suction mouth
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Fig. 4-3 V, versus dimentionless parameter £ for each drag force
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where,

D,

S=1c

Now, if dimensionless parameter £ is used inplace of £ in equation (46), equation
(46) is the general equation in which the influence by C, is deliberated. Thus,

?=k'ﬂMstV;( ) 48)

oD, V,

is derived.
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Fig. 4-4 Relationship between 7-35 and &%%2 V,
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Now let us investigate this parameter by considering the experimental data. Since
V, required to same drag force changes inversely as the clearance C,, a parameter for

*
simslar flow can be obtained by selecting V, and C, for same 7. Fig. 4-3 shows the
*
relation between V, and & for same value of T in Fig. 4-2. We can findthat each

*
point lays on the parallel lines for each 7" on logarithmic graph paper.
From this result, the empirical formula

g2 V,=C(%) (49)

*
is derived. In equation (49), the right side is decided only by 7.
Judging from this fact all data will be able to arrange so that they are independent for
*
C. using £-*V, and T.

Fig. 4-4 shows the relation between £***V, and 'f” Though the drag force 'f" is not
decided directly for & and V, from this figure, it can be concluded that two kinds of
flow with same £%°2V, and different clearance give similar flow around the sphere.
Therefore, in equation (48) the relation between m and 6 is given by

m=3.52(2—5) : (G

This suggests that the selection of dimensionless parameter from equation (47) is ap-
propriate. '

Now we consider drag coefficient C, in equation (48).
Then C, is expressed as follows:

*
—_ p 2 2| — m
Co=T/ (Lp: V3)=ki&"(uloD, V)"
=k£™R5 : GD

where,

Rp={(p/eD,V,)
*
The drag coefficient C, is arrnged by Reynolds number and m given by equation

*
(50). Now, if we use €+** V, in place of V, in equation (51), C, is given as follows:

* *

Co=T /{2 & v,y Dt} =kl wlCeDE V)" 2

’ *
=kiR%

where,

3

=(__#*__
R, (pD,fa‘" V,,) (53)

- . * - * * -
Fig. 4-5 shows the drag coefficient C, according to R,. Though C, is almost con-
¥* *
stant in the region of relatively small R,, it rises up with increase of R, and finally
¥*
approaches to the constant value. This rising trend of C,; can be considered as the

result of abrupt change of the flow around back part of the sphere. The value of C?D,
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Fig. 4-6 Comparison of drag force between experiment and calculating results
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or ?2,,, however, differs from C,, or R, in the order. This fact is caused by that
&-%2V, is not absolute velocity of the flow.

Even if the clearance differs, we assume that only one velacity distribution around
the inlet of the suction pipe is given by the same drag force. And if we express the
absolute velocity at arbitrary location by Vi,,.,, equation (54) is obtained.

V(r,:)=KV(1,z)£3'S2 Vp (54)

Though the constant Ky,,.; is obtained by using the calculated result in 4.2., this
value varies to the location around the sphere. Therefore, it is no sense to decide this
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Fig. 4-7 Arrangement of calculating result by dimentionless parameter, &3
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value forcibly. But in the similar problems treated here it is useful to use Ky¢,,,»=1.
4.2 Investigation for experimental results and calculation
By substituting v,=0 into equation (44), T, coincides buoyancy Wy, of the sphere.
Therefore, f"o expressed in equation (55) varies according to square of wv,.
*

Te=Te— Wy (55)

From -equations (11) and (39), _ ' .'rt
v, 0c V,

Therefore, 316"0 changes with square of V,. This means that every value of ’h for C, -

* *
can be obtained by the calculation on one set of T, and V,. Thus, 7 for each case
of C, was calculated and compared with experimental result 1" as shown in Fig. 4-6.

*
In this case 7 is given by

T,=A@® V3 (56)

Though the difference between both results is small in the area of relatively large C,,
it increases as C, decreases. This fact is due to that the calculation in this paper is
for potential flow and, therefore, doesn’t take account for the problems on separation
and contraction effect at the end of suction mouth. '

As far as the drag force of the sphere is concerned, this calculation cannot be
adopted in the region in where the flow is under the control of separation and con-
traction. As such effects, however, affect only at the back part of the sphere, the flow
at the remaining part may relatively close to potential flow. In order to verify this
fact, there is necessary to compare the parameter £°-°? derived from the experimental
data ;JVith the calculated result.

T, for arbitrary V, was calculated by equation (56) and these results were inves-
tigated by using dimensionless parameter £°-** in Fig. 4-7.

The result approximately lay on a straight line. From this figure, the approximate
formula is obtained as followings.

% .
To=1.467 % 10°(8***V,)? 6D
* *
C, and R, are given by equation (52) and (57) for the calculated result, which is id
the straight line in Fig. 4-5. ' .
When we examine the value of Ky, defined in equation (54), absolute velocity
Vecr,sy On arbitrary point also arranged similarly by & as shown in Fig. 4-8. The ab- .
solute velocity is given from this figure as follows:
Vc(r,z) =K;'7(,,,)- g% Vp : G))

In this case the exponent is 3.35, which somewhat differs from the exponent for ’I*’C.
This may come from the reason that the partition of the flow field near surface of the
sphere is not consisted of square mesh. In accordance with the aforementioned con-
sideration, it revealed that the calculated drag force has notable difference to that from
experiment, but change of drag force and flow velocity around suction mouth with the
clearance C, are close to the result of the experiment. This fact means that the flow
in the fairly wide area can be substituted by potential flow and suggests that the cal-
culation presented in this paper is also useful in the examining similarlity for another
formed suction mouth.
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Fig. 4-8 Similarity of velocity at arbitrary location

4.3. Effect of cogtraction

In Fig. 4-5, C, calculated from the experi_)rpental data rises up hastily and appro-
aches the constant value with the increase of R,. Such a trend is different from the
result for potential flow and is caused by the abrupt increase of velocity behind the
sphere due to the separation and contraction effects. Generally speaking, drag coeffi-
cient on a sphere in uniform flow increases somewhat in the region 5X10°<R,<10*
due to the transition of separation point in the laminar boundary layers.

Though Reynolds number which is equivalent to R, cannot be decided in this
paper, we can use R,p, in which the representative velocity is indicated by v, (Fig.
4-2) and the diameter of the sphere is adopted as representative length. In this ex-
periment R,, changes in the following region.

Tx10°<Rpr<2.6%10* (G))

If R,, is assumed to be close to R,, this experiment was conducted in the region where
separation point in laminar boundary layers changes. But in this experiment the flow
around the sphere doesn’t attain to the region where laminar boundary layers change
to turbulent boundary layers and drag coefficient drops down abruptly.

However, the influence to drag coefficient by transition of separation point is a
little. Therefore, the increase of the drag coefficient in Fig. 4-5 cannot be explained
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only with separation on surface of the sphere. For this reason, in this paper, sepa-
ration effect is ignored and the contraction effect at inlet of the suction mouth is only
investigated.

Now let us assume that the drag force is close to that of potential flow for lower
velocity or larger C,. Then, the contraction doesn’t exist and velocity at mouth inlet
is V, in Fig. 4-9.

A +Vp

A &ﬁ
g

CL
Ds

l

Fig. 4-9 Sketch of contracted inlet flow

By placing the bed closely toward the suction mouth or by increasing the flow velocity
in pipe, the contraction due to the sphere and the clearance appears. In this time the
cross setional area of contracted flow is expressed by a, and the velocity by v, Fur-
ther, if e, is contraction coefficient given as

e=a,lA (60)

the amount of increasing velocity due to contraction, dv, is given by

dv=v,—V,
= V,,(%— ) ' (61

If the cross sectional area of the sphere for D, is used as the area effected by 4v and
4 T is used as the amount of the increase of the drag force by contraction effect

g Tw 2 2 .
41 ="3q 4v*a; (62)

is obtained. From equation (62) ¢, is derived as follows:

1

=g 15
SQAT >1/2
<_7rerin +1

(63

where,
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Fig.4-10 Contraction coefficient changed the approaching of a sphere and bed

AT=T-T, (46)

Fig. 4-10 shows e, according to V,.

From this figure, we can find that there exist a little influence of velocity V, and e,
approaches almost constant value. This constant value decreases with decrease of the
clearance C, and, that is, the influence of contraction effect increases.

A contraction coefficient is generally constant for turbulent flow and ranges from
0.6 to 1.0. Therefore, that contraction effect is distinguished as compared with sepa-
ration effect may be the reasonable assumption. In the region of lower velocity, strong
influence of V, appears. It can be thought that this influence comes from the neglect
of separation effect previously mentioned.

4.4. Application of parameter & to another problems

Equation (52) shows the relation derived by dimensional analysis and the experi-
ment. Therefore, it can be applied theoretically for another case in which D, or D,
differ from that in this paper. The applicability of equation (52) was also judged by
the calculation to another experiment. This result is shown in Fig. 4-5. Though a
few experiments on such a problem were conducted by another researcher and the
example treated in this comparison are only two, these results for air lift pump with
diameter of 20 mm coincide relatively to the result in this paper.

In the next place, let us consider the use of parameter é* for drag head. Now
we think the actual drag head equipped with teeth as a auxiliary dredging device.
We select the diameter of suction pipe D,, the mean velocity in the pipe V, and the
clearance between teeth and sea bed C, as follows:

D,= 800 mm

V,=3.5m/s

C.=100~105 mm
When we plan to do model test for the actual drag head with aforementioned dimen-
sions, the parameter £ can be used. If D¢=50 mm as the pipe diameter and V,=
3m/s as the velocity in suction pipe are used for the model drag head, C;=9 mm is
obtained from the relation (65).

_D.;_ 8,52 . Dp 3,52
(1) vi-lic) v &
Finally we can obtain the similar flow for the actual drag head by selecting the clear-
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ance of about 9 mm.

5. Conclusions:

The drag force of the sphere on the model bed was measured to the various
clearance between the suction mouth and the bed. And the numerical calculation by
using Finite Difference Method was conducted for potential flow. The following
matters were obtained as the results of this experiment and the numerical calculation.

(1) The similar flow when the solid body is sucked through the circular suction
mouth and the clearance is varied cannot be given only by the horizontal mean inflow
velocity vp,.

(2) By introducting the dimensionless parameter §-** from the dimensional an-
alysis concerning the drag force for a sphere, the relation (45) which gives the similar
flow around suction mouth for dlfferent clearance is obtained.

If we use revised drag coefficient CD and revised Reynolds number RD Wthh involve
the parameter £-°%, Cp is expressed only by the function of RD Then CD increases

gradually with increase of R, and finally approaches to the constant value. In this
experiment

*
2.5% 1osgévg5x 10° for 1.8%X10*<R,<10°

(3) The drag force was calculated numerically by using Finite Difference Method
under the assumption of axially symmetric and potential flow. Consequently, though

the calculated drag force closes to the experimental result for RD<200, the difference

between two values from the experiment and calculation expands as RD increases. It
is clarified that this fact mainly depends on the increase of velocity behind the sphere
due to contraction effect. The drag force calculated, however, is also arranged by using
&2V, for the various clearance C, and is expressed approximately by equation (57).
Further, the absolute velocity Vg,,,» at arbitrary location is expressed as

ch,:) =K;§3'35 Vp

The exponent of this equation is close to 3.52.

(4) The influence by contraction effect was investigated by using the difference
between the experimental and calculated results for potential flow. It was clarified that
the contract coefficient e, has strong influence to the drag force to the sphere appro-
aching toward the suction mouth and has constant value for comparatively high V.

(5) The applicability of equation (52) for another experiments was deliberated.
In consequence of this comparison, these results coincide relatively to the result
presented in this paper.

(6) The similarlity parameter for suction mouth is not always applied to another
problems on a lift by mouth piece with complicated shape, but this may undoubtedly
present valuable data for the problems related to how a lift is changed by clearance.

(7) The numerical calculation for potential flow is not useful especially obtain-
ing drag force on the dull-shaped solid body. It, however, is very convenient method
in determining of the similarity and the change of flow for some kinds of complicated
-shaped mouth piece and various clearance.

As shown in the investigation of contract phenomenon, the problems of vortex
formation and separation are not ignored around the area in where flow velocity is
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relatively low. These problems must be further investigated by means of the measur-

ing back pressure of the sphere.

Further it is scheduled that the application of the similarity parameter for different
suction pipes and prheres will be conducted from now on in the experiment concern-

ing the lift by air-lift suction mouth.
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Appendix 1. Notation

The following symbols have been used in this paper:

a, =projected area of a sphere;

A =cross-sectional area ;

a; =cross-sectional area of contracted flow ;

C;D =drag coefficient ;

Co =revised drag coefficient ;

C, =clearance between bed and suction mouth;

D, =sphere diameter ;

D, =pipe diameter;

€ =contract coefficient ;

H, =water level of water pool;

] =number of cross point in the partitioned flow field;
j =number of calculation by gradual equation;

n =number of calculation by gradual equition, also length in normal;
b, =pressure on the sphere surface;

7 =horizonat axis in flow field;
R, =Reynolds number of a sphere laid in uniform flow;
R;,D =equivalent Reynolds number ;
R, =revised Reynolds number;
z: =tension of the spheremeasured in this experiment;
Z =drag force in the experiment;
Te =drag force given by the calculation ;
u =velocity component in r—axis;
V, =mean velocity in suction pipe;
Vg =horizontal mean velocity of inlet flow;
v, =tangential velocity on a sphere;
e =velocity of contracted flow ;
Vi.,» =absolute velocity at arbitrary location (7, 2);
w =velocity component in z-axis;
Z =vertical axis;
&, =error of the calculating result against basic equation by finite
method ;
€y =finish error in calculation ;

difference
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=dimensionless parameter ;
=space of mesh;

=specific weight of water;
=density ;

=absolute viscosity ;
=kinematic viscosity ;
=Stockes’ stream function ;

7
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