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8. Effect of Behavior of Settling Suspension Particles oh Reflection
and Absorption Characteristics of Ultrasonic Waves

Sumitaka KIHARA*

Synopsis

For the development of echo-sounder which detects efficiently the vertical density distribution
of suspension layers, it is nesessary for us to study into the relationships of ultrasonic frequency
and acoustic characteristics to the grain size of suspension particles, suspension specific gravity
an,d the behavior of settling suspension particles and to select the frequency suited to detection of
suspension layers.

So we studied in the laboratory on the acoustic characteristics of the 7 frequencies echo-sounder
in the fly-ash suspension.

Through the analysis of this experimental results, within the limits of the suspension concent-
ration in volume (0.1~0.01%), the absorption coefficient of suspension a (dB/m) were expressed as
follows;

a=K-fo.5
where f: frequency.

The other side, in the case of the suspension which have comparatively large particles and
thick density, we found out that the absorption coefficient of suspension increases in proportion to
the f* within the limits of five hundred to a thousand kilohertz, and that the echo-sounder which
used comparatively high frequency may be possible to detect efficiently it from the detective records.

* Members of Hydraulic Transportation Laboratory, Machinery Division.
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—315—



AR M O#F

o i Test No.l ,
] ER BTSN
! D -
ta S5 !: I Lt 0
£ = T < *
X ; 1 SN
"' R 10 10 1@ H]m'"’1
t CGmin)
B-4(a) FERES AR (Test No. 1)
" TestMo2
b - SIS PR
THE--f -CE e 8 1§
3 DR TTIRERRS R
E1d . ui‘;
i B
i b
! [ 16t
o1 10 w 1”0 [
T tmind
BU-4(b) LRUREESTRMRER (Test No. 2)
Test No.3
R
3 LT
3z =7 %
N
" 1 ¢ " i
1 Gy

E-4(c) UBEIRESTdhfR (Test No. 3)

(min) % #tilc B OBE (ppm) % & - ILIEIRES
AR, BhicE-2 X0 kohgiFEROYY
HOBRMREEE Xo (%) 21T, ZORITIhE, Test
No. 1, No. 2, No. 3 x %, RfOfE & kiRl
DIEFIBSRHIAR E L R4 10D B0 i » TROERER 53
IEIE 108 R d 5 —EDEIGES <, BEHIREDH]
BORERE LTEZONDLDIE, K v 7 BERHEOEE
LRI KOERICIBDDTH A9, Tinbb Test
No. 3 13K L B4 5 70 5K v Fllis U TR Lo
7o DGR IREE R — T A & ¢ Test No. 1 paiEsk L &b
5 30 S L 7m D C 2Tk &, Test No. 2 kil
K& AN IRAE TR U e D CHBMITREE AL 7 »
Tvb, BE-5 xR T2 RERESAZ
Y. Highic, BBKROBERS XCERRESARELY,
W RER & 5> T, WERBRMEZ T A -2 L

*o
13 5 min
X o 60
-ER x 180
s 270
a 370
o 1410
5t R X ® 1470
E o 2890
@ 11490
N -3
> \ a
-5 1 1 L 1 1 1
00 400 600 800 1000 1200 1400 Ma (pPm)
g éu 0.09 012 06 020 024 028 Xy (%)

Ma or X,

E-5() 7747 v RinR0mEEES
(Test No. 1)

0
LJ 4 min
-1 A x o 104
X 144
a 1274
- A 434
T Eoow 0 2684
- \ 2834
o 4200
N 3 1 o 8800
-4
)
.5 | 1 1 i |
0 200 400 600 800 1000 1200 1400 My (pm)
0 0.04 0.08 0.2 016 020 024 0.28 Xy (%)
Md or Xv

E-5(b) 73547 v BENOBERENR
(Test No. 2)

+0 [ ) O min
o &5
X 140
- \ a 200
a 290
a 1370
» 1630
-2 0 3000
e o 5895
< ® 11440
® 15770
N
-3
h L B
s 1 1 ! t 1 I
0 200 400 600 <800 (000 1200 1400 Md (prm)
0 0.04 oos 01z 016 020 026 028 Xv (%)
Md o Xv
B-5() 7717 v HBROBEEE N

(Test No. 3)

BRI TR L, ZORICINE, WTFhbIEEL L
HITIRBMIRE SN L TV 5, ¥ AR IEEGONRIK
IREOZIHHOZE L IHITPEL R TV E,

-6 i3, HECESEoRAEME LY, MR
BEZm) %:-T, BHBWRERZ 5 A -2 LTRL
T RRIBRER T B SRR IR E AR T B, M—ik

— 316 —




SEMRL T D UL IR & A D BRI itk

20
M Xo
@ 00 oz
-0~ © 400 .02
® 200 o004 ® °
F 20 0 400 o002 e
~ L]
Ny o
=)
40 o
o8 o
1 I AT I L1 eit) L (NN L Loty
1 10 10* 10t 10t

t (min)
R-6(a) 73547 v RBMILIGIEE A
(Test No. 1)

10
Moo X,
Lob © 400 oo0s '
@ 200 004 ®
~ 20 e
E ®
N ol
o °
°
Rt AT R M
] 0 w0 10 1ot
t  (mim)

B-6(b) 7747 v ¥ o RN AR

(Test No. 2)
t0 @
M o
20 Gn e ®
19% o y200 o
X 1000 0,10 o
et
g o a0 (X a °
© 200 0.04
N 5 % oot o
N - % " @ ®
[
b ° ° a9, ¥
a
L &
Lt L . "
1] 1 1" 0ot

B-6(c) 7347 v WRWhrE R dh
(Test No. 3)

EOEMRIEMORA & TkEL TV B Z E2dibh 5
R-7 i SRk o SRR, M ATIRA®R
En, @ﬁﬁﬁ@l%&ﬂ&@ﬁﬁ%ﬁm%bea7

7TCH 5,

-8 i3&IFEED FRIRAR O & B0
HBERLAEDDTH T, Ok Test No. 1, A ¥ Test
No. 2, @ % Test No. 3 ofiRThs, H-9 L7
OHFEBBMLETED LD TH B,

WL L TV BN FOREZRD BDICKD X 5 7
B ERAVE,

TE-10 STFRTESKR, FBE Zs(m) hp T I4T v
aWFOIERD B, KEHHOHROREEZEL W
BOLMEL T, HHEETHTBIEKE, 7547 »
v B OBRIRERE Xo, X OEEOH/MERIIYV
FD7747 9 all dVs TKROANTRDLT T L5 H
k5,

dVe=XydV (1)

—317—

. t0m
o -1
a -2
a -8
a -4
0,20 p—e x -45
7
] [
aor
I
. et
LI
° | 10 10 i w0t
t (min)
K-7(a) £ EREEM O MR ORI L
(Test No. 1)
tom
on o -1 —
e -2
a -3 1
a -4
X -4
]
2
pn
¢ b 1 R
] LX)
' 10 10" [ 10!
1 Cmin)
BU-7(b) A& RRELE OWHIMINEE DIFRHIEIZE L
(Test No. 2)
an
10m
x o -1
o x a -2
a -3
o -4
(X - k=48
3 e
=" ¥ o
o &
Y] A ) : N
g o
n a
e ¢
' 1) 10’ 10 10*
t Cmin)

B-7(c) & UEREME O G N S ORI L
(Test No. 3)

L
LT 3
4 ‘e
6 i .
® o M
* 4o 4
o Test Mol ot
a No.2
[ ] Ne.3
16°1
1 0 10’ 10

t tmin)

B-8 FHERNRAER L RORH



AR MO

1002~ . 'd‘
. . .. y- :
'0. o Test Not =g T
.o. L N:3 —_ T “-[L Bway he Y
' SR S—— R e > N:
o A 3 ~ i
|- o L3 . : :\_“‘l ——-«L—-_J,__‘HH . \&’ﬂ‘;’
o o . . R g 10 srcas i
° s 4 322999 8 aaa ..'0. s 0 Test :a,l a
3 4 adaa, o, 2
° °°°oo( : No.3
1 T 1 1L | 1t L = &- _
1 10 10 B I:u
t (min) id*
-9 BT & £AN ' Yt " "’
R-11 FENTFOR
— —
Z |l =z |
‘;_ =. WICSEERL T O RE D SR FER d (mm) %5k
e . v THES, FAmoilEy, kL mROEH D % oK
iz, TEAOWRBET L TV L TEEEE v (cmfsec) 13,
Stokes DEEAIC X ¥
_(Ts=Tw)g
v= 18 a? (6)
S TEbIND,
Zs .. . , TP,
N g TeRL  Ts: RRFOBAMERKER (g/cmd)
R Tw: KOBAAERER (g/cmd)
k— r"*‘ r -3 . . ) ° »
# 2 IRDREHERRE (R 7 — X) (dyne-sec/em?)

E-10 i FREosHE

LkdoT, BEZsm)BDT547 v 48 Vs
(m3) 1x

Zp
Vs=g X,,odV (2)
Za

22T, BE Z (m) WHT57 747 v ¥ - B
OEBUEAR Xo ORGSR BB SN AFERNZ
Xo=Keoz (3)
L K, a BEHK
W/ MAER dV 13,
dV=rnri-dz
REL 7 K OEE
dz : f/INREE
Ltk o T(4)Roedik Ve RORTRDLTZ E68T
&5,

(4)

Zp
Vs=7rr2-KS e .dz
Z4

= M;’_ o (e25—e124) (5)

BG)YR &M » TERBRBOBBHT D Vs (md) EE KD,
Fre Ve 73547 v ¥ - ODERER BT TRERFO
BREARDTRLAOME-11 TH 5,

d  RFOERE (em)
g EHILEE (cm/sech)

E)REXY, RMFOETHREX TOERD 2 F itpil
F 5 O TKKEERE v 2 (15 OFETHNE, HFOHE
BEakodr e pliksd, SHTFOEEY d (mm) &L
T, O)RXEERMCEFZEMILT d kbR
Rifed s &

d= st (7)

7L d:ffE (mm)

¢ IKO¥E¥EAREL (dyne-sec/cm?)
ps: ERFOLE
dz : PRREREME (cm)

t:§EgE dz % TLKET B (min)

Wiz ¢ S 2 OFE S TORBRMAKRER Y T &
L, BiBREROEME V, WSRPOLORGERS
Ws &3niE, d X /NS RBTFomE s Lekodi
o N iz,

s |4 :

et ARG

L75Y, Nix d X/ SR FOREERLTNS
b N 23Rk 5 Lk HEMNRR Loz ko5

—318—



REMNLF D UL 2T & B I D BRI

Lichd, TR BRE d (mm) @ZOREAVTIIMLE, *

T TARER S SIS T ORFEoR R LDl E DFER%E R-2 WiRT, o h bR 2R it
kb B, IR 4z 2IFEOHNTEY, O MCRLAORE-12 Thb, ZDFIC Ihid 60% R
PRl R BRI &, K v THHEE LR IR %42 Test No. 2 23 0.013mm T—F/~Xx <, Test No. 3
Wrofife We ELTEO)RD N &skdbie, £DH; A% 0.0214mm TLHIZKE, Test No. 1 A2 0.042mm

R2 HRBETH T 5 HE

Test No. 1
t (min) | Ma (ppm) | Xo (%) om Ve (m?d) Ws (t) N=801.26(om-1) | d (mm)=0.257 v 1]
1 600 0.120 1.001248 0.02441664 | 0.0498099 100.0 0.257
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5000 39 0.0078 | 1.00008112 | 0.0015871 | 0.00323768 6.50 0.00363:
6000 34 0.0068 | 1.00007072 | 0.0013836 | 0.00282274 5.67 0.00332
7000 30 0.0060 | 1.0000624 0.0012208 | 0.0024904 5.00 0.00307
8000 27 0.0054 | 1.00005616 | 0.0010987 | 0.00224135 4.50 0.00288
9000 24.6 0.00492 | 1.000051168 | 0.0010011 | 0.00204224 4.10 0.00270
10000 22.8 0.00456 | 1.000047424 | 0.0009278 | 0.00189271 3.80 0.00257
11000 21 0.00420 | 1.00004368 | 0.0008546 | 0.00174338 3.50 0.00245
12000 19.5 0.00390 | 1.00004056 | 0.0007935 | 0.00161874 3.25 0.00232
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Test No. 2
t (min) | Ma (ppm) l X (%) ‘ Pm Ve (m$) Ws (1) |[N=1217.13(pm-1) | d (mm)=0.257 V1jt
1 395 | 0.0790 | 1.0008216 | 0.016074 | 0.0327910 100.00 0.257
5 340 | 0.0680 | 1.0007072 | 0.0138361 | 0.0282256 86.08 0.115
10 322 | 0.0644 | 1.00066976 | 0.0131036 | 0.0267313 81.52 0.0812
20 302 | 0.0603 | 1.00062712 | 0.012269 | 0.0250288 76.33 0.0576
30 204 | 0.0588 |1.00061152 | 0.0119642 | 0.0244070 74.43 0.0468
40 288 | 0.0576 |1.00059904 | 0.011720 | 0.0239088 72.91 0.0406
50 280 | 0.0561 | 1.00058344 | 0.011415 | 0.0232866 71.01 0.0363
60 278 | 0.0556 | 1.00057824 | 0.011313 | 0.0230785 70.38 0.0332
70 274 | 0.0548 |1.00056992 | 0.0111503 | 0.0227466 69.37 0.0307
80 270 | 0.0539 | 1.00056056 | 0.0109671 | 0.0223729 68.23 0.0288
90 268 | 0.0536 |1.00055744 | 0.010906 | 0.0222482 67.85 0.0270
100 265 | 0.0531 | 1.00055224 | 0.010804 | 0.0220402 67.21 0.0257
150 258 | 0.0516 | 1.00053664 | 0.010499 | 0.0214180 65.32 0.0209
200 250 | 0.0500 | 1.000520 | 0.0101736 | 0.0207541 63.29 0.0182
250 246 | 0.0492 |1.00051168 | 0.0100108 | 0.0204220 62.28 0.0162
300 242 | 0.0484 |1.00050336 | 0.009848 | 0.0200899 61.27 0.0148
400 237 | 0.0473 |1.00049192 | 0.009624 | 0.0196330 59.87 0.0129
500 231 | 0.0462 | 1.00048048 | 0.0094004 | 0.0191768 58.48 0.0115
600 230 | 0.0460 | 1.0004784 |0.009360 | 0.0190944 58.23 0.0105
700 226 | 0.0452 | 1.00047008 | 0.009197 | 0.0187619 57.21 0.00971
800 223 | 0.0446 | 1.00046384 | 0.009075 | 0.0185130 56.46 0.00910
900 220 | 0.0440 |1.0004576 | 0.008953 | 0.018264 55.70 0.00856
1000 219 | 0.0438 | 1.00045552 | 0.008912 | 0.0181805 55.44 0.00812
1500 212 | 0.0424 |1.00044096 | 0.008627 | 0.0175991 53.67 0.00663
2000 206 | 0.0412 |1.00042848 | 0.008383 | 0.0171013 52.15 0.00576
2500 202 | 0.0404 |1.00042016 | 0.0082203 | 0.0167694 51.14 0.00514
3000 200 | 0.0400 |1.00041600 | 0.008139 | 0.0166036 50.63 0.00468
Test No. 3
¢ (min) | Ma (ppm)| Xo (%) om Ve (m?) We (®) | N=490.5 (om=) | d (mm)=0.257 VT
1 930 | 0.196 |1.0020384 |0.03088 | 0.0813552 99.98 0.257
5 970 | 0.194 |1.0020167 |0.03947 | 0.0805188 98.96 0.115
10 950 | 0.190 | 1.001976 |(-93999) ¢ o7sse6a 96.92 0.0812
20 940 | 0.188 |1.0019552 | 0.03825 | 0.0780300 95.90 0.0576
30 920 | 0.184 |1.0019136 |0.03744 | 0.0763776 93.86 0.0468
40 880 | 0.176 [1.0018304 |0.08581 | 0.073024 89.78 0.0406
50 850 | 0.170 |1.001768 |0.03459 | 0.0705636 86.72 0.0363
60 820 " | 0.164 |1.0016952 |0.03337 | 0.0680748 83.15 0.0332
70 770 | 0.154 | 1.0016016 |0.03133 | 0.0639132 78.56 0.0307
80 730 | 0.146 |1.0015184 |0.02071 | 0.0606084 74.47 0.0288
9 700 | 0.140 |1.0014560 |0.02849 | 0.0581196 71.42 0.0270
100 670 | 0.134 |1.0013936 |0.02727 | 0.0556308 68.36 0.0257
150 580 | 0.116 |1.0012064 |0.02360 | 0.0481440 59.17 0.0209
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Test No. 3
¢ (min) | Ma (ppm) | Xy (%) om Vs (m8) Wi () | N=450.5(pm-1) | d (mm)=0.257 VIji
200 510 0.102 | 1.0010608 | 0.02075 0.0423300 52.03 0.0182
250 460 0.0921 | 1.0009578 | 0.01874 0.0382296 46.98 0.0162
300 430 0.0860 | 1.0008944 | 0.01750 0.03570000 43.87 0.0148
400 390 0.0780 | 1.0008112 | 0.01587 0.0323748 39.79 0.0129
500 - 350 0.0700 | 1.0007280 | 0.01424 0.0290496 35.71 0.0115
600 330 0.0660 | 1.0006864 | 0.01343 0.0273972 33.67 0.0105
700 300 0.0600 | 1.0006240 | 0.01221 0.0249084 30.61 0.00971
800 285 0.0570 | 1.0005928 | 0.01160 0.0236640 29.08 0.00910
900 270 0.0540 | 1.0005616 | 0.01099 0.0224196 27.55 0.00856
1000 260 0.0520 | 1.0005408 | 0.01058 0.0215832 26.53 0.00812
1500 215 0.0430 | 1.0004472 | 0.00875 0.0178500 21.94 0.00663
2000 185 0.0370 | 1.0003848 | 0.00753 0.0153612 18.87 0.00576
2500 165 0.0330 | 1.0003432 | 0.00671 0.0136884 16.83 0.00514
3000 150 0.0300 | 1.0003120 | 0.00610 0.0124440 15.30 0.00468
4000 130 0.0260 | 1.0002704 | 0.00529 0.0107916 13.26 0.00406
5000 114 0.0228 | 1.00023712 | 0.00464 0.0094656 11.63 0.00363
6000 104 0.0208 | 1.00021632 | 0.00423 0.0086292 10.61 0.00332
7000 95 0.0190 | 1.0001967 | 0.00387 0.0078948 9.69 0.00307
8000 88 0.0176 | 1.00018304 | 0.00358 0.0073032 8.98 0.00288
9000 82 0.0164 | 1.00017056 | 0.00334 0.0068136 8.37 0.00270
10000 77 0.0154 | 1.00016016 | 0.00313 0.0063852 7.86 0.00257
11000 - 73 0.0146 | 1.00015184 | 0.00297 0.0060588 7.45 0.00245
12000 68 0.0136 | 1.00014144 | 0.00277 0.0056508 6.94 0.00232
13000 63 0.0126 | 1.00013104 | 0.00256 0.0052224 6.43 0.00225
14000 58 0.0116 | 1.00012064 | 0.00236 0.0048144 5.92 0.00217
15000 52 0.0104 | 1.00010816 | 0.00212 0.0043248 5.31 0.00210
16000 .40 0.0080 | 1.0000832 | 0.00163 0.0033252 4.08 0.00203
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