Homework #4 Pumping VINPLT
1. The pump below was selected for 2000 gpm at 225 feet of head. You are to investigate the operating points for this pump operating at 1500 rpm, 1000 rpm and 750 rpm for three different systems operating with a VFD for capacity control. The first system is all frictional with no static head. The second system has 30 feet of static head and the final system has 125 feet of static head. Determine the system curves in MEASUR. Then use Excel to do your analysis by plotting the three system curves and the pump curves at the different speeds to determine the different operating points. Determine the flow rate delivered, pump head and pump efficiency for each operating speed for each of the three systems. Does the amount of static head in the system impact the operating point of a pump controlled by a VFD?
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2. A large cooling water system has a design operating point of 12,000 gpm at 140 feet of head. To deliver this flow 5 identical pumps must be operated in parallel. The system has 100 feet of static head, the open elevation of the cooling towers. In Excel input the system curve and pump curve. The plot the system curve plus equivalent pump curves for 1-pump, 2-pump, 3-pump, 4-pump and 5-pump operation. Give the system operating flows and heads for 1, 2, 3, 4, and 5 pumps. How much does the flow increase every time you turn on an additional pump?
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3. A municipal water treatment plant needs to deliver 1.5 million gallons per day of fresh water into the system. An energy study has suggested the plant pump at a slower rate for a longer time to reduce the cost of pumping. The data below applies to this system. If electricity costs $0.08/kWh and demand costs $15.25/kW, calculate the annual operating cost for each flow rate.

	Flow Rate (gpm)
	Head (feet)
	Time (hr/day)

	1700
	294.1
	14.71

	1900
	302.3
	13.16

	2100
	311.4
	11.90

	2300
	321.5
	10.87

	2500
	332.5
	10.00
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4. Describe in detail one pumping system you have discovered at your facility that has energy saving potential. Identify the characteristic of the system that attracted you. Present an estimate of the potential savings and what you intend to do to the system to achieve the energy reduction. Be ready to discuss this opportunity to the group during a session.
image6.emf
gpm feet gpm feet gpm feet

0.00 175.40 0.00 77.96 0.00 43.85

337.08 173.98 224.72 77.33 168.54 43.50

674.16 171.85 449.44 76.38 337.08 42.96

1011.24 169.01 674.16 75.12 505.62 42.25

1348.31 164.75 898.88 73.22 674.16 41.19

1685.39 159.78 1123.60 71.01 842.70 39.95

2022.47 152.68 1348.31 67.86 1011.24 38.17

2359.55 142.03 1573.03 63.12 1179.78 35.51

2696.63 124.27 1797.75 55.23 1348.31 31.07

2966.29 102.97 2022.47 45.76 1483.15 25.74

Pump Curves


image7.emf
rpm gpm feet efficiency gpm feet efficiency gpm feet efficiency

1780 2000 225 83.0 2000 225 83.0 2000 225 83.0

1500 1660 160 82.5 1630 161 82.6 1250 166 75.0

1000 1085 71 82.6 910 72 78.2 No Flow

750 810 40 82.6 460 42 67.0 No Flow

All Frictional System 30 Foot Static Head System 125 Foot Static Head System
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Double Suction Split Case Pump
Series: e-HSC
Model: 8x10x21

Features & Design
Ease of Serviceabilty
Improved Efficiency

| Extended bearing and seal ife
ANSI/OSHA Coupling Guard

\

The Bell & Gossett Series e-HSC horizontal split case in-line pump provides engineers,
contractors and building owners a more powerful, serviceable, and efficient solution for a wide
range of critical HVAC applications

Pump Selection Summary

Duty Point Flow

Duty Point Head

Control Head

Duty Point Pump Efficiency

Part Load Efficiency Value (PLEV)
Impeller Diameter

Motor Power

Duty Point Power

Motor Speed

RPM @ Duty Point

NPSHr

Minimum Shutoff Head

Minimum Flow at RPM

Flow @ BEP

Fluid Temperature

Fluid Type

Weight (approx. - consult rep for exact)
Pump Floor Space Calculation

2400 US gpm
140 ft.

oft

82%

0.0%
18.125in

150 hp

104 bhp
1200 rpm
1180 rpm
9.05 ft.

164 ft.

940 US gpm
2685 US gpm
68°F

Water|

4476 Ibs
33.48 2|
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Performance Curve e-HSC
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Static K Exp

gpm ft gpm ft HD

12000 140 0 40 100 7.11E-07 1.9

Pt #1 Pt #2

System Curve Constants
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2-pumps 3-pumps 4-pumps 5-pumps

gpm feet gpm feet gpm gpm gpm gpm

0 164 0 100.00 0 0 0 0

400 164 1500 100.77 800 1200 1600 2000

800 163 3000 102.87 1600 2400 3200 4000

1200 160 4500 106.20 2400 3600 4800 6000

1600 155 6000 110.72 3200 4800 6400 8000

2000 148 7500 116.38 4000 6000 8000 10000

2400 140 9000 123.16 4800 7200 9600 12000

2800 130 10500 131.04 5600 8400 11200 14000

3200 118 12000 140.00 6400 9600 12800 16000

3620 101 13500 150.03 7240 10860 14480 18100

15000 161.12

Pump Curve System 1
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Number Flow Head Flow Increase

Pumps gpm feet gpm

1 3550 104 3550

2 6800 114 3250

3 9100 124 2300

4 10800 132 1700

5 12000 140 1200
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Figure 21. Pump and motor performance data from Floway test facility
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Flow 

Rate 

(gpm)

Head 

(feet)

Time 

(hr/day)

Wire to Water 

Efficiency (%)

Required 

Pump Power 

(kW)

Annual 

Energy 

(MWh)

Annual 

Demand 

(kW)

Annual 

Energy 

Cost ($)

Annual 

Demand 

Cost ($)

Total 

Annual 

Cost ($)

Savings vs. 

2500 gpm 

Rate

1700 294.1 14.71 81.5 115.57 620.49 1386.79 49639 21149 70788 22190

1900 302.3 13.16 83.5 129.58 622.44 1555.00 49795 23714 73509 19469

2100 311.4 11.9 85.0 144.93 629.51 1739.18 50361 26522 76883 16094

2300 321.5 10.87 83.0 167.83 665.88 2013.98 53270 30713 83984 8994

2500 332.5 10 80.0 195.74 714.46 2348.91 57157 35821 92978 0
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Double Suction Split Case Pump
Series: e-HSC
Model: 6X8X18

Features & Design
Ease of Serviceabiity
Improved Eficency

Extended bearing and seal e
ANSIOSHA Coupling Guard

“Tho Bell & Gossett Sorios e-HSC horizontal spift case in-ine pump providos engineers,
contractors and building owners a more powerful, serviceable, and sficient solution for a wide
range of critical HVAC applications

Pump Selection Summary

Duty Point Flow
Duty Point Head

Gontrol Head

Duty Point Pump Effciency

Part Load Effciency Value (PLEV)
Impelier Diameter

Motor Power

Duty Point Power

Motor Speed

RPM @Duty Point

NPSHr

Minimum Shutoff Head

Minimum Flow st RPM

Flow @ BEP

Fluid Temporature

Fluid Type

Welght (appros. - consurt rp for exacy)
Pump Floor Space Calculation
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Static K Exp

gpm ft gpm ft HD

2000 225 0 0 0 0.00012 1.9

2000 225 0 30 30 0.000104 1.9

2000 225 0 125 125 0.0000535 1.9

System Curve Constants

Pt #1 Pt #2
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gpm feet gpm feet gpm feet gpm feet

0 247 0 0.00 0 30.00 0 125.00

400 245 400 10.55 400 39.14 400 129.70

800 242 800 39.36 800 64.11 800 142.55

1200 238 1200 85.04 1200 103.70 1200 162.91

1600 232 1600 146.90 1600 157.31 1600 190.49

2000 225 2000 224.46 2000 224.53 2000 225.07

2400 215 2400 317.38 2400 305.06 2400 266.50

2800 200 2800 425.38 2800 398.67 2800 314.65

3200 175 3200 548.23 3200 505.14 3200 369.42

3520 145 3600 685.73 3600 624.30 3600 430.72

4000 837.71 4000 756.02 4000 498.48

Pump Curve System 1 System 2 System 3


