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Development of a 2-fluid Jet Mixer for Preventing the

Sedimentation in Livestock Liquid Manure Storage Tank
Yu, B. K,, Hong, J. T., Kim, H. J., Kweon, J. K., Oh, K. Y.* and Park, B. K.**
National Academy of Agricultural Science, RDA., Suwon, Korea

Summary

There are around 7,500 manure tanks to treat the manures from pigs in Korea. In the tank,
there are too much sediments deposited on the base and wall, which causes low efficiency of
stock capacity and manure fermentation.

In order to minimize sediments and to ferment manure effectively, we developed a 2-fluid jet
mixer for mixing sediments in liquid livestock manure tank. For developing the prototype, we
tested a factorial experimental system with various nozzles, and simulated CFD models with two
kinds of nozzle arrangement. From the results of factorial experiment and CFD simulation, we
concluded the dia. ratio of primary : secondary nozzle should be 1:2 and the nozzles should be
arranged at the same distances toward to the circumferential direction. With this results, we
manufactured a 2-fluid jet mixer which is consists of four 2-phase nozzles, centrifugal slurry
pump and root’s type air blower. And, we carried out the performance test of the prototype in
the round shaped liquid manure tank in the farm. The performance test results showed that the
uniformity of TS (Total Solid) and VS (Volatile Solid) was raised from 21.3g/L, 13.3g/L In
steady state to TS and VS to 23.0g/L, 14.1 g/L in the mixing operation. Therefore, we could
conclude that the prototype of 2-fluid mixer could make the solid material which could be
sediments in the tank not to be deposited in the tank and to be contacted to air bubbles which
could enhance the efficiency of the fermentation of livestock manure.

(Key words : Livestock liquid manure, 2-fluid nozzle, Sediment, Mixer)
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Table 1. Specification of experimental system

Item

Specification

Mixer type

2-fluid jet nozzle

Mixer Size(mm)

L1,000xW800xH1,400

type Centrifugal
Slurry pump Power(kW) / flow rate(m’/min) 5.5/0.5
Head(m) 21
Power(kW) 3.75kW
Air blower 3
Static Pressure (kPa) / flow rate (m’/min) 39.23/2.25

AR 2244 27 79E 5t FAY AL 25T EETt 13 =EAboldd
A A GEKE ARSIt 7HEEert = §9AE AAste SA L 14 x5 o
Alaritt 185 55 2 A4 So] g2y, WAL Fow o] 3G on, {57
AR vl we] EFEI 3l 2008 AIFE gl AEaE ARSI, £FH
A 7SR gu A z=Ed 2qEe3 = £ o]&sle] FFolAY ESAEHE #
Th o] F= du|gtEln gle] o] Gt
95% ooz AAel wlwA AL A5t 1Axs F5E AES x5 7 283 A
@, tE5En Au)e] HAAS AT mpg of CuAE Ay P ksl 13 25
g s glo] AF (HNEE AFANE T4 4mm, 23 25T 28 mm F 710l A]
gepsls dle AV vk sl 13 2E 455 2EE vHA AA 14 =
NNAE A FE A 2ARETAE, S5 3] S AEE itk old 1
1AxE 554, F7134E Adsid = A =& 55E 2437 st e =g
Z77M AP £ (Parkash, 1982)S H1 A Alolo] wlo|s| A WiB S Mx]sle] n}
gle] 13222 F%0] 10m/sE YESE A4 olgjamr xA-Z 13} & 555 Table 3
33l Table 29} Zo] 23 =EF A& 35FS I o] 243
2 3len AA 1, 24 & FAVE F w718 Ade =574 =3 15 14

Table 2. Combination of primary and secondary nozzles

Orifice diameter Case 1 Case 2 Case 3
primary 14 mm 14 mm 14 mm
Nozzle diameter
seconary 14 mm 28 mm 35 mm

Table 3. Boundary conditions of factorial experiment (Nozzle(primary/secondary) : 14/28 mm)

Fluid velocity at primary nozzle exit (m/s)

8.21

11.8

12.3

14.8

Air flow rate(m’/min)

0.3

0.35

0.43
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Table 4. Specification of the prototype of jet mixer and slurry tank

Nozzle Type/ No. of Nozzle

2-fluid nozzle/ 4

Fluid/Air pipe Material

Zinc galvanizing, Stainless steel /PVC

Nozzle Diameter

Primary 20 mm, Secondary 40 mm

Distance between nozzles

2.5m

Centrifugal type

. 3, .
Slurry pump Capacity 1 m’/min,
Power electric motor (5.5 kW)
Blower Roots blower (3.7 kW)

Manure Tank

Diameter 10 m X 3 m, Material Plastic
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Fig. 7. Photo of prototype Jet mixer installed
in  slurry tank.
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Table 5. Factorial test result for selecting the proper orifice size of the nozzles

Nozzle Case 1 Case 2 Case 3
(primary/secondary) (14 mm / 14 mm) ( 14 mm /28 mm) (14 mm / 35 mm)
Fluid d at the orifi
1 speed At The orLiee 13.3 13.3 13.3
of primary nozzle(m/s)
1 1
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bubble Spread to more than | Spread to more than
Spread -
1m 1m
Air bubbles don’t Air bubbles become Air bubbles become
Result i
become droplets. droplets droplets partially
Failure : BT
Remarks Watter back up to W \
blower ;

Fig. 10. Small droplets in case 3.
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Table 6. Test result of injection distance of 2-fluid nozzle by various air flows

Air flow (m3/min.) No air flow 0.30 0.35

Air bubbles a little much much

Photo

a little bubbles
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Table 7. Injection speed by distance from the nozzle

Distance from nozzle at same height

0 m 1 m 2 m 3 m

2-phase nozzle 2.39 0.062 0 0

liquid jet nozzle 243 0.584 0.263 0.112 0.089
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Fig. 13. Comparison of fluid velocity distribution at the plane of 0.3 m height.
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Fig. 20. Slurry mixing with air supply.

Fig. 19. Slurry mixing without air supply.
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Fig. 22. Measured VS after slurry mixing.

Fig. 21. Measured TS after slurry mixing.
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