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A Study on the Performance Evaluation of Variable-speed Drive Pump
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ABSTRACT

Pumps are widely used in industrial plants, energy systems, ships etc. Generally they consume nearly 20% each nation’s total
electrical energy. The objective of this study is to find performance evaluating method for variable-speed drive pump. In order
to evaluate the variable-speed pump performance energy saving rate for the variable-speed pump is applied and compared with

that of constant-speed pump.
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Fig. 1 Constant-speed and variable-speed pump systems
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Fig. 2 Inverter system for variable-speed control
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Table 1 Discharge rates according to pump nominal diameters
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Fig. 3 Pump efficiencies in accordance with discharge rates
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Table 2 Performance tolerances of pumps

Total efficiency(%)

Total head(%)

Input power(%)

Foundry type
7.0 7.0 10.0

impeller
Others 5.0 5.0 7.0

100

80

o
s0f———4H4—Jf— , 4—
[ R&ff_m
"«-...\_\ Nge Vi
40 :b,ar
Total oy Vg,
amplitude \i

(1/1000mm) -

10 600 BO0 TO00 1500 2000 3000 4000 6000 5000

Rotation speed(min")

Fig. 4 Total amplitude corresponding to rotational speed

Table 3 Allowable temperature of cooling system

Allowable temperature rise( C)

Allowable maximum
temperature ()

. Insertion Insertion | ..., .
Seperatation . ) Oil drain
Bearing [Resistance]  of | Bearing of
temperatu
surface | method |measurem| surface |measurem
ent ent r
|
Gienen 40 s 015 %0
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N
atu‘ral Heat-
cooling .
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lubrication
Water cooling 80
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Fig. 5 Schematic of thermodynamic measurement device
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Table 4 Power Requirements for Constant- and
Variable-Speed Drive Pumps

Pump/
Flow | Valve? Pump
wte |6 System " Purp Power | Moter — Control vt )
ate | Effidency fciency
Head (W | Eficency (%) erey ()
) fm (% Heey
(m)
386 | 1000 | 549 |80.0/800|721/721 | 908/ 937 | 794/770 970 796/ 793
31 | 781 | 457 |784/796|693/533 | 90.7/940 | 764/567 %1 765/ 59.0
309 | 662 | 399 |768/788|661/427 | 907/939 | 729/454 950 730/ 478
250 | 495 | 3L1 |724/784|590/270 | 906/938 | 651/288 948 65.2/303
204 | 395 | 253 |670/771|532/183 | 903/923 | 589/198 28 590/ 213
136 | 290 | 189 |540/720| 448/98 | 90.0/900 | 498/108 81 49/122
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Fig. 7 Input power profile according with constant
and variable speed drives

Table 5 Evaluation of energy saving rates using mean duty cycle

Constant-Speed/ Variable-Speed Drive, 8760 hr/yr

Flow (%) | Flow (m3/hr) | Time (%) | Time (hr) | Power (kW) Energy (W)

100 386 2 175 80/79 14 x 10414 x 10%

90 348 8 701 77/62 54 x 10%/4.3 x 10*

80 309 21 1840 73/48 134 x 10%/8.8 x 10*

70 270 23 2010 68/36 13.7 x 10472 x 10*

60 232 21 1840 63/27 116 x 10%/5.0 x 10*

50 193 15 1310 57/20 7.5 x 10426 x 10*

40 154 10 876 52/15 46 x 10%13 x 10*

Total : 57.6 x 10%/30.6 x 10
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