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PREDICTION OF PIPELINE PRESSURE DROP FOR SEWAGE SLUDGE

*

WE O - EmEs - R - sHae
Makoto MATSUBARA’ , Haruki WATANABE' , Kazuaki SATO™ , Atsushi KASAI

e

ABSTRACT ; Sewage sludge pumping experiments were conducted by using a loop pipeline to establish the methods
of predicting pressure drop. To avoid changing sludge viscosity during pressure measurement and to measure the
viscosity exactly by the rotational viscometer, sample sludge was fully circulated and sludge particles were
disintegrated to some extent before the measurement. In case of laminar flow, experimental Darcy~-Weisbach's

friction loss factor fwas successfully expressed by Reynolds number R, for non-Newtonian fluid, such as Bingham
Plastic and Pseudoplastic.  The relationship between R, and fbecame f=64/R like water. In case of turbulent flow,
however, sludge did not have the same relationship as water except for dilute Newtonian sludge. The method proposed
by Dodge and Metzner gave us arelatively good result. The applicable region of Chou's method, which has been used
commonly in Japan and is based on sludge multiplication factor, turned out to be very limited. Then, we tried to
improve on this method and proposed anew one to which the factor calculated with sludge concentration and average
velocity was applied.

KEYWORDS ; Sludge Pumping, Viscosity, Friction Loss Factor, Reynolds Number, Sludge Multiplication Factor
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for storage and mixing

Fig. 1 Schema of Sludge Pumping Transportation Equipment

Table 1  Characteristics of tested sludges Table 2 Dimensions and measurement program
of Rotational Viscometer
Test Type of TS \¢ Temp. Density
No. sludge [%] (% of TS] ['C] [kg/mj] Types of Viscometer Haake, RV12
Sensor System MV1
1 Digested 1.60 64.5 10 1008 Rotor Height 60 mm
2 Digested+W* 0.80 64.4 11 1004 Rotor Radius 20.04 mm
3 Digested+D** 2.01 68.3 9 1012 Cup Radius 21.0 mm
4 Digested+D 2.72 69.8 20 1008 Radii Ratio 1.05
5  Thickened+D 4.24 75.4 30 1010
6  Thickened+D 5.52 73.2 27 1007 Acceleration Region 6 min
7  Primary 0.58 77.5 26 1000 Hold Region 0 min
8  Primary+W 0.41 75.7 26 997 Deceleration Region 6 min
9  Digested 1.59 64.2 36 1000 Maximum Rotational Speed 128 rpm [= 300 s - ]

10 Digested+W  0.65 64.1 23 1001
11 Digested+D 5.47 66.9 29 1021
12 Digested+D 6.18 67.2 32 1021

*  +W: mixed with Water (tertiary effluent)
** +D : mixed with Dewatered sludge (TS=80, VS=70)
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Fig. 2 Examples of particle size distribution
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@ :Digested sludge, VS = 64%, Temp. = 10~36C

A :Primary sludge, VS = 76%, Temp. = 20~26C

O :Digested sludge mixed with dewatered sludge, VS = 67~70%, Temp. = 9~32°C
O :Thickened sludge mixed with dewatered sludge, VS = 73~75%, Temp. = 27~30C

Fig. 3 The relationships between solids concentration and rheology coefficients
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Fig. 9 Camparison of experimental sludge multiplication factor
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