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An exploratory application of acoustic cavitation engineering
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Abstract The high temperature, high pressure and high density inside an acoustic cavitation bubble are the
mechanism and foundation of acoustic cavitaion engineering. The development of acoustic cavitation in theory
and in experiment at home and abroad is reviewed briefly in this paper. To overcome the bottleneck problem
of ultrasonic treatments in liquid on the industry scale, a possible way to enlarge the application of acoustic
energy—optimizing the spatial distribution of acoustic cavitation is proposed and investigated. The experiments
show that it is feasible. Based on the experiments, two examples of the exploratory application of acoustic
cavitaiton engineering in viscosity reduction for heavy oil and pretreatment of high-solid sludge are given. The
pilot tests show that both of the prototypes for the acoustic cavitation engineering can operate very well. At
last, the perspective of the acoustic cavitation engineering on the industry scale is discussed.

Key words Acoustic cavitation engineering, Ultrasonic treatment, Sonochemistry, Viscosity reduction for

heavy oil, Pretreatment of high-solid sludge
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Fig. 3 The ultrasonic prototype of viscosity reduction for heavy oil at the wellhead

&4 Rk, 8 I 5 Bh B B R AL ORI 7R
M 85 —4F, /£ 201749 H ~10 H #1110
H ~11 H 43590 58 9 i o 2 4 — A H 0 BORE )
W, R H- T 577 B 10~20 m® /K, HEfHiEE
200~1000 m- I1EFHEHE A/NF5 he HrH1 4
PHRT AL E N 6731 mPa-s, 4B 525 4 272 mPa-s;
F 2 4b P HT 2 F N 10831 mPa-s, AbFEJE 5 E N
530 mPa-s, SCHUBH I A Lfnik . 75 1EH 477 5%

PR, A2 2 56 7 4R DR 0 A B I 88 R e
Z/NF 600 mPa-s, FFTER B KA T IR FFFRE 7 HK
RAS, TEFE FRE A 40° LA, BRI R B FEATY
/NT-800 mPa-s, fEIZ 8 sk Tl A2 @it 5 h, 7]
5 2 B 17 5 0k 0 4 B B AR R SR
RS, PR & R R T K F b
0.5~24 h J&, RAM K ZEG, skt ttizsh ),
B R AR AT AT [ 52 21 <KL RAS, AT AR IE B 1 4



SN

55378 5 53] E A

N LREYS 829

22 A, RIS AN 2 19 I 5 SRR M K HE S
4.2 Ifl2: BEBESHRESEISR

B AR TE AN T A T R e, X 7K B8 U 1
T SR A IZ TG0, TSR TR (5 K
AEFRTT, DAL FRAE AR P A g I AR P A ) R R TS K
ARAF AT B K B2 AR J9is K AL B2 & 7240, 7R
RV AR WG N . AR R 3 A et f
Iy AR = AF P o B K AL BR ) 38 A e 7 R
i 6000 JI0E /4. RIS EHRERNZMA
BLEH 5y, BLEERR KAk &9 25 (1 5 S R T S5 i, 45 Ak
AL BA Y, B 5 JEWCR T A B, e AhE f s
HE B ERERA YR RS, R AT
FFEREE, SO IREL R KBTS SefE

Btoxo v [ 75 Ve 75 R S B B0 7 K, R B R
F T A e N PR T R — R Y L R fIGRE
FE ) 55 4 22 R SRR =08 75 R 5 BB A T AL 3 S 8 i
SRR 250 L, S IIF 10 kW, 5l s 3 &
AL 5 m? /h, BEFEN 2 kWh/m?, WL 4.

rA 1
- — 2.
O000O0O0O0O000OO
‘ 0000000000 l
Q0000000000

B B
00000000000
- 0000000000
—X 100000000000 | | 4.
LA @
A-A
1. f &1L,
EAEABARARAR gl
il 3. PR
4. K58

B-B

B4 B 2RI P S 2 1

Fig. 4 Multiple-transducer ultrasonic bath reactorl®

R P A A A T AL B R 8 AN R 47 07 ARt
e 7™ 28 1) B2 i P81 5 B o A B AR AL BRIV TS e
OB ST, FRGE ST RN T 19.2% . R A TR
figeist, At aakae b, B A AL PH 6 min. 18 min 251
T, 24 K BFUH KT = 2 A L AR b 385 Y8 43 il 12
T 26.5% F152.0%. LRI, H 5 A6 min
18 min I, 24 K BRI H e 7= 280 EE AR AL 35 18 73 0l
FER T 41.1% F144.5% . LEH e, 7 [
VERIFE I& , fi 2630k 5 1% 28 R 75 A AR 6 min AR 2%
o BERE, VSRR E N5 m3/h, GEFEN 2 KWh/m?,

]

FHECIE B _E PR M WT 7T, AL B A 2~5 (5 3R TT,
HBEFEFEAR T 50% -

—e— SR Ab A —— g —e—)FHt6 min
160 [ |[—a—3#4:6 min ——FHt18 min —#%:18 min o

Hi4Er 5% (mL/g-VS)

HH/ R
BlI5  ARNEEAT 5 28 P R G DA FROAL 20 R e
R ©)
Fig. 5 Effect of different operating modes by com-

bined ultrasonic and alkaline pretreatment on cu-

mulative methane yield(®!

6 75 R A Bl A v [ S Ve I AEAE B RIE T
DA 75 e R AE W B AN R A W B AR AR B, OF
TEARHH B 25 1F T 5 AR R DA A2 440 B R A4 B s, 3%
2 ALY, £ b R R . A
BB ]S U R AR AL T2 R G AR P G T
ik 2 A A P A A W 6 BT . R R U
5 Y AE S B AR PIIR FE (TS) A 3% B, A AT LUk
PIRe B4, HAEA SR, 29 TS A 5% M 8% i ]
PASCE HLRE S AR o 24750 TS 2h 8% B, i 5 #
iR AR AL HE - PR A R g H = A A AR

240 2.5
220 1| —e— S HT A HiAE| @ o So o®
—————— 115015 | Ja AN AN AR
200 lao
e ¢ g
180 - e o
S | 2
= L ! 4
= 160 g or¥ .-
= e 172 w
S 140t =
qm | #E
F q90| . o
o =
100 (@7 ' 1o &
80 |¢
TS=3%: TS=5% ! TS =8%
60 ———F——7 T T 1 1 1105
0 15 30 45 60 75 90 105 120 135 150
HERLAEIEYEN

Bl 6 PRI FE b B4 REFE S T A g 1)
Fig. 6 Equipment energy consumption and energy
equivalentof biogas production during anaerobic

digestion process (8]



830 & ﬂ j '? 2018 £ 9 H

9190~220 kWh, el 1% £ BeFE f5 5 H 1T LA iy
A8 90.5~120.5 kWh, BliZ KRG EAE 1 m3 {50 n]
DL~ HLAE 9.1~12.1 kWh. REET-fish B L0, #
FERE A DA AL - R A R A AAER A F 2
AT, FEL T B2 TTAT .

5 LERMTHE

AR 30T R A AR M FT e HEAT T
A, o3 TR e AR A DR AT A SRR T
o X 7 2 e S T AT FR IS A 28 AR R R K 7S e
JSE PR, At R 7 22 A0 TR m AR K RIRSEAK P SR 3
AR, B JE AT AT UR R R R AR A B e A
T PR R A o [ 5 U AR A N P 1 S, 0B R
W17 EM T B R RS RS2 AL e e DAL 552
BT LA Y A S TR R IT AT J L ad 7 B R —
FEAE IR R RPEF BN T, BT
SO B 2% 18] 70 AT D0 A 22 11 ) R, — o Bk 4% [
R b iE & S TRITR VG A =2
T PR RN A L I ) R s DR R R R
P AR AN A RO B2 SR 5 A B SR =
FAT B TV AR TR P AP HERE , 78 208 E, A AT
Bz,

BOS OGP E RHA B AT U £ 5 WA RS T
UM A LR G IR R R A 5K I 4R B
Tyl Hich !

2 £ X ®

[1] Gaitan D F, Crum L A, Roy R A, et al. Sonolumines-
cence and bubble dynamics for a single, stable, cavitation
bubble[J]. J. Acoust. Soc. Am., 1992, 91(6): 3166-3183.
ISR AR. Y 7 A 2 R BROK T e sz A LA 3], RLH
A, 2005, 24(5): 265-268.

Ying Chongfu. The practical work of sonochemistry in

2

China should be carried out as soon as possible[J]. J. Appl.
Acoust., 2005, 24(5): 265-268.

7SR AR, WA e B S AL BT AN R AL AR (], R AR,
2006, 25(5): 261-264.

Ying Chongfu. Acoustic processing in liquids and acoustic

3

cavitation engineering[J]. J. Appl. Acoust., 2006, 25(5):
261-264.

BEEEAR. R TR P9 RIS 75 Ak B ep S AT ST )L R B
—— WA AL TR [J]. B, 2008, 27(5): 333-337.
Ying Chongfu. Some thoughts on the behaviors of cavita-

4

tion used in large-scale ultrasonic treatment in liquids—A
second discussion of cavitation engineering[J]. J. Appl.
Acoust., 2008, 27(5): 333-337.

Moholkar V' S, Rekveld S, Warmoeskerken M M C G.

Modeling of the acoustic pressure fields and the distribu-

5

tion of the cavitation phenomena in a dual frequency sonic
processor[J]. Ultrasonics, 2000, 38(1-8): 666-670.

[6] iRftdy. Azl g An ] [D]. b3t o ERE BT
LEBE, 2009.

[7] BEMEMG, TAY, BkiE K, S HTSE O 7 DX AR R R O B
SRR (3], AL T, 2016, 45(1): 97-101.
He Lipeng, Ding Bin, Geng Xiangfei, et al. Ultrasonic-
assisted chemical viscosity reduction for Xinjiang block
9-7 ultra heavy oil[J]. Petrochemical Technology, 2016,
45(1): 97-101.

(8] 1. 7 A s A T Ak 2R A1 B v [ 5 Ve IR A AL 1) T 2
PEWEFS [D]. R KRR, 2017.



	Abstract
	1引言
	2声空化工程
	Fig 1

	3声空化空间分布的优化控制
	Fig 2

	4声空化工程应用的两个实例
	4.1 实例1：超声稠油井口辅助降黏
	Fig 3

	4.2 实例2：超声耦合碱解高固污泥[8]
	Fig 4
	Fig 5
	Fig 6


	5结论和讨论

