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Our Seminar Goal!!

Be REALISTIC and Honest regarding variable
speed pumping. Actual efficiency depends on
the configuration of pump vs. load conditions
(rarely at full load) and flow conditions. These
conditions must be accounted for to determine
expected actual operating pump efficiency
and therefore actual cost savings from
variable speed pumping. You must map the
range of operating conditions to be accurate.




To Get Highest System Pumping Efficiency

Maximize your efficiency islands!!!
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Outline of Presentation

* Basic Pump Affinity Laws



Pump Efficiency

Pump Efficiency (E,) = the percentage of power delivered to the
pump by the motor shaft that is imparted to the water.

_ Output 1 009% = VP 1009 = 22 «100% = 81%
Input Bhp 31

Water HP

Ep

Brake HP



Brake Horsepower

Brake Horsepower (Bhp) = the power required
for pumps to circulate water through a hydronic
system

GPM x Ahx SpecGravity
3960 x PumpEfficiency

GPM x Ah

Bhp =

For water: B h p —




Pump Affinity Laws

VED - Speed Change Impeller Diameter Change

N1 D1

hz—h1x(N2j hz—hlx(Dzj
N 1 D1

N 2 D>
bhp2 = bh =
P2 = p1><( Nlj bhp2 = bhp1><( Dlj
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Theoretical Savings- 100% Variable Flow
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“100% Variable Head Loss”
12.5% BHP in theory at 50% flow
Only when no control valves

STEAM {Elg l STEAM TO WATER
SUPPLY /HEAT EXCHANGE
TEMP. SENSE

._C/ <CONTROL IRANSDUCER _:
20 ~1%°

LA S N B B B A | )
@ - 7':::4%:
V/S PUMP

L SUBMERGED HEATER

Extremely hard to find in the real world



Outline of Presentation

 Pump Head Loss Calculations
1. ASHRAE 90.1-2010 & 90.1-2013
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ASHRAE STANDARD

ANSVASHRAE/IESNA Standard 90.1-2010
(Supersedes ANSI/ASHRAE/IESNA Standard 90.1-2007)
Incdludes ANSUASHRAENESNA Addenda listed in Appendix F
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A
persedes ANSUASHRAE TESNA Seandard 9.1-2007)
it ANSLASHRAETESNA Addencs bted i Apoencix P

@ ASHRAE STANDARD

Energy Standard for
Buildings Except

States to Use 90.1-2010 by Oct. 18, 2013 | ==

WASHINGTON—ASHRAE's Washington office is reporting that the
U.S. Department of Energy (DOE) has determined that
ANSI/ASHRAE/IES Standard 90.1-2010, Energy Standard for
Buildings Except Low-Rise Residential Buildings, saves more energy
than Standard 90.1-2007. Specifically, DOE found national source
energy savings of approximately 18.2%, and site energy savings of
approximately 18.5%, when comparing the 2010 and 2007 versions
of Standard 90.1. As a result of this week's DOE final
determination, states are required to certify by Oct. 18, 2013
that have reviewed the provisions of their commercial building
code regarding energy efficiency and updated their code to
meet or exceed Standard 90.1-2010.

http://www.iccsafe.org/gr/documents/stateadoptions.pdf
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ANSI/ASHRAE/IES Standard 90.1-2013 _

On September 26, 2014, DOE issued a determination that Standard Except Low-Rice
90.1-2013 would achieve greater energy efficiency in buildings | e
subject to the code. DOE estimates national savings in commercial = =

buildings of approximately:

8.7% energy cost savings
8.5% source energy savings
7.6% site energy savings

Additional information related to this action, including the official
Federal Register publication and docket containing public comments
received, is available at Regulations.gov.

State Certification

Upon publication of an affirmative determination, States are required to certify
that they have reviewed the provisions of their commercial building code
regarding energy efficiency, and, as necessary, updated their codes to meet or
exceed the updated edition of Standard 90.1. Additionally, DOE provides
guidance to States on submitting certification statements and requests for
deadline extensions. State certifications for Standard 90.1-2013 must be

submitted by September 26, 2016. 14


http://www.regulations.gov/#!documentDetail;D=EERE-2014-BT-DET-0009-0006

UPDATE: ANSI/ASHRAE/IES Standard 90.1-2016

On July 25, 2017, DOE issued a preliminary determination that
Standard 90.1-2016 would achieve greater energy efficiency in
buildings subject to the code. DOE estimates national savings in
commercial buildings of approximately:

8.2% energy cost savings
7.9% source energy savings
6.7% site energy savings

Additional information related to this action, including the
official Federal Register publication and docket containing public
comments received, is available at Regulations.gov.

State Certification

b A 28 et |

Energy Standard

for Buildings

Except Low-Rise
Residential Buildings

OF Lam)

« DOE will accept written comments and information on the Preliminary

Analysis no later than September 8, 2017.
 No date determined....yet
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https://www.regulations.gov/document?D=EERE-2017-BT-DET-0046-0001

Current ASHRAE 90.1 Code Adoptions

[ ] American Samaa
[ Guam
[ I N. Mariana lslands
[ | Puerte Rico™

[ US Virgin Islands

ASHRAE 90.1-20132015 |ECC, ASHRAE 90,1 - 201072012 IECC, m ASHRAE 90.1 - 20072003 IECC,
egquivalent, or mona anengy efficant eguivalent, or more anengy efficent equivalent, ar mora anengy efficiant

Obder or less ensrgy eficient than ASHRAE 90,1 - 2007/2008 IECC, of no statewide code,

* ddopted new Code to be efective a1 a later date As of September 2016



Current ASHRAE 90.1 Code Adoptions

Commercial Buildings

Updated s= of July 31, 2017



ANSUASHRAEIESNA Standard 90.1.2010

persedes ANSUASHRAE TESNA Seandor
it ANSLASHRAETESNA Addencs bted i Apoencix P

CHAPTER 6 () ASHRAE STANDARD

Energy Standard for

HEATING, VENTILATING, AND AIR CONDITIGNNG

SECTION 6.4 \
Mandatory Provisions

6.4.2 Calculations.

6.4.2.1 Load Calculations. Heating and cooling system design
loads for the purpose of sizing systems and equipment shall be
determined in accordance with ANSI/ASHRAE/ACCA Standard
183-2007, Peak Cooling and Heating Load Calculations in Buildings
Except Low-Rise Residential Buildings.

6.4.2.2 Pump Head. Pump differential pressure (head) for the
purpose of sizing pumps shall be determined in accordance with
generally accepted engineering standards and handbooks
acceptable to the adopting authority. The pressure drop through
each device and pipe segment in the critical circuit at design
conditions shall be calculated. 18



Calculator

IPad & IPhone Versions
Android Version

 Available free from iTunes App Store

« All the calculators from the plastic
wheel PLUS
» Greater range of pipe sizes
Addition of PVC Pipe
Includes English & Metric Units
Handles fluids other than water
Incorporates Circuit Setter wheel

aill 3G 9:41 AM —
p

Menu Temperature/Load ~ Reset

Low Temp

High Temp

Flow

Capacity




o
it ANSLASHRAETESNA Addencs bted i Apoencix P

CHAPTER 6 & e
HEATING, VENTILATING, AND AIR CONDI N*P“G

SECTION 6.5
Prescriptive Path

6.5.4 Hydronic System Design and Control.

6.5.4.1 Hydronic Variable Flow Systems. HVAC pumping systems having a total pump system power
exceeding 10 hp that include control valves designed to modulate or step open and close as a function of
load shall be designed for variable fluid flow and shall be capable of reducing pump flow rates to 50% or
less of the design flow rate. Individual chilled water pumps serving variable flow systems having motors
exceeding 5 hp shall have controls and/or devices (such as variable speed control) that will result in
pump motor demand of no more than 30% of design wattage at 50% of design water flow. The controls
or devices shall be controlled as a function of desired flow or to maintain a minimum required
differential pressure. Differential pressure shall be measured at or near the most remote heat exchanger
or the heat exchanger requiring the greatest differential pressure. The differential pressure setpoint shall
be no more than 110% of that required to achieve design flow through the heat exchanger. Where
differential pressure control is used to comply with this section and DDC controls are used the setpoint
shall be reset downward based on valve positions until one valve is nearly wide open.

Exceptions:

a. Systems where the minimum flow is less than the minimum flow required by the equipment
manufacturer for the proper operation of equipment served by the system, such as chillers, and
where total pump system power is 75 hp or less.

b. Systems that include no more than three control valves. 22
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IPLV Load Profile




ARI 550/590-1998-2011 Standard
IPLV Load Profile

“IPLV” Chiller Efficiency

Intergrated part load value or “IPLV" is a single part load
efficiency number for water chillers at the standard ARI
rating point.

“IPLV” represents an average single chiller application

“NPLV” Chiller Efficiency

Non-standard part load value or “NPLV” is a single part load
efficiency number for water chillers not intended to operate
at the standard ARI rating point.

“NPLV” is used for multiple chiller plants and real world operating conditions



ARI 550/590-1998 Standard

“IPLV” Chiller Efficiency
(Integrated Part Load Value)

IPLV Formula Weighting Factors & Condenser Water Temperatures

Chiller Load Weighting C_?_Qriznoslzer kw/Ton Run Point
100% 1% 85 A
5% 42% I4S) B
50% 45% 65 C
25% 12% 65 D
IPLV = L

1% 42% 45% 12% expressed in Kw/ton
+ + +
A B C D

Note: Lower Condenser Water Temperature at Part Load




ARI 550/590-1998 Standard

“IPLV” Chiller Efficiency
(Integrated Part Load Value)

IPLV Formula Weighting Factors & Water Pump Flow Rates
HVAC Load Weighting Pugstgslow Efficiency Run Point
100% 1% 100% A
5% 42% 5% B
50% 45% 50% C
25% 12% 25% D
Pump PLEV = Efficiency %

1% 42% 45% 12%

A B

C D

Note: Assume Pump Flow Rates Match % Load




Energy Efficiency and Renewable Energy
Federal Energy Management Program

“FEMP”

Efficiency Recommendation?

Part Load Optimized Chillers

Compressor Type _
and Capacity Recommended Best Available

IPLV® (kW/ton) IPLV (kW/ton)

Centrifugal 150 - 299 tons

Centrifugal 300 - 2,000 tons

Rotary Screw > 150 tons




Outline of Presentation

 Pump Head Loss Calculations
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Outline of Presentation

3. Constant Fixed and Variable Head

29



Pump Head Calculation

Reverse Return Piping

Variable Head + Constant Fixed Head = Total Head

30



Pump Head Calculation
Variable Head + Constant Fixed Head = Total Head

52 ft  + 28 ft = 80ft
Component Head Loss

Pipe - 1756 ft of 10” Pipe at a Flow Rate of 2200 GPM 40.4 Ft.
Elbows - 15 - 10” Flanged Reg Ells Total Equivalent Feet ( 210) 4.8 Ft.

(2.3 ft per 100 ft)

52 ft

Valves - 10 - 10” Gate Valves Total Equivalent Feet ( 28 ) .6 Ft.
Check Valves - 3DS-8” Triple Duty At 1100 GPM 1.2 Ft.
Coil Piping & Circuit Setter Coil & Valve 28 ft y3.0 Ft.

Control -- Two Way Control Valve On Cooling CV=292 @ 733 GPM 15 Ft.

Coils - Cooling Coil Pressure Drop Pressure Drop Is (Catalog Tables) " 10 Ft.

Rolairtrol - RL-10 With 2200 GPM Flow + -5 Ft.

Total System Head Loss @ 2200 GPM 80 Ft.
31



Pump Head Calculation

Reverse Return Piping

Variable Head + Constant Fixed Head = Total Head
52 ft + 28 ft = 80ft =




Multiple Pump Systems
Constant Fixed Head Loss

Variable Head Loss

_————

Supply gl

C

h Pump

: Controller

| L]

e

r

Direct Return

A Piping

Variable Head L03333



Variable Head Loss

Pump Curve

Variable Head

Fixed
Head

34

/ 100% Design Load
\W
Critical Circuit

(*30% TDH)

N

34



Variable Head Loss Ratio

C/S, Constant Flow 3 Way Valves System Pump Head Matched to

Base 100 System at Design Flow

90 |—

80— /s, Variable Flow
(-E 0 2 Way Valves VIS, 0% Variable Hd Loss, 100% Constant A Hd
3 — Y/
c:—,D 60 |— VIS, 25% Variable Hd Loss, 75% Constant A Hd
o / /7
® S0— V/S, 50% Variable Hd Loss, 50% Constant A Hd
S 40 / /
o0 VIS, 75% Variable Hd Loss, 25% Constant A Hd
T 30|
v 20 /S, 100% Variable Hd Loss, 0% Constant A Hd

10 —

—— [ [ [ | | | |

O 10 20 3040 50 60 70 80 90 100
% Flow 35



Outline of Presentation

 Pump Curve Review
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Pump Curve
86%

HEAD (Feet) Version 3.8.1
Pump Series: 1510

150-
o o -  Plots head (feet) vs. Flow (Gallons
- —180%2y, — )
N Per Minute) for a pump.
o, 1002 s . e e - Should include the following
v e information to be considered
- s e T complete:
[ 9" 15HP"""\\(/~ d}x X 68% o .
el P — Pump Name, size and speed
50 o = < 20 . .
e — Performance curve including
20HP, . .
- e et N impeller diameter
— Efficiency curve
- - = = e S — Brake Horsepower
S S — NPSHIr often included
S_uction Sizg:S" i Min Imp Dig=9" ) Design Capac_ity =1000.0 GPM
TR ik g e » Curves can be found through

ESP-Rep and ESP-Plus

BEP = pump Best Efficiency Point
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Real World V/S Curves

12 — % Efficiency
110 30 %
' 100 100 %
90]
g 80 90 %
}I]_') @’:70' Total Pump Head 110 ft
f;u g 601
3 T

1] /2

GPM
l I l I l l l l

Efficiency changes
50% and Below

Minimum speed

3 OO 100 200 300400 500 600 700 800 900 1000



>

What happens to minimum
pump speed as you increase
minimum control head or

?



Variable Head

Fixed Head

Head, Feet

90

80

70

60

20

10

Pump Curves
/ at Various Speeds

100 % Speed

Maximum

W% O

— perating 5
B N A

80 %

—_—

— <—— Control Curve

<—— Flow Head Loss

3
/ 70 % Y

200 400 600 800 1000 1200

Total Pump Head 70 ft

Control Head 30 ft

Minimum Speed 60%

Flow, GPM *



Head

Variable
Head, Feet

Fixed Head

90

80

70

60

20

10

Pump Curves
/ at Various Speeds

. —_—
N A

90 %

80 %

70 %

100 % Speed

Maximum

Operating

<—— Control Curve

40’

<—— Flow Head Loss

800

1000

1200

Total Pump Head 70 ft

Control Head 40 ft

Minimum Speed 67/%

Flow, GPM *



Head

Variable
Head, Feet

«— Fixed Head —

90

80

70

60

20

10

Pump Curves
/ at Various Speeds

/

90 %

Operating S
N A

80 %

<—— Control Curve

100 % Speed

Maximum

Total Pump Head 70 ft

Control Head 50 ft

Minimum Speed 75%

<—— Flow Head Loss

800 1000 1200

Flow, GPM *



Variable

Head

«<— Fixed Head

Head, Feet

90

80

20

10

Pump Curves
/ at Various Speeds

100 % Speed

Maximum

90 %  Operating R

<—— Control Curve

Total Pump Head 70 ft

Control Head 60 ft

Minimum Speed 83%

Y

1 1 | | |

200

400 600 800 1000

1200

Flow, GPM *



Pump Curves
/ at Various Speeds

90 — 100 % Speed
80 Maximum
i — Operating
Varlable— 70 90 % Point <—— Control Curve
Head 3 A
50 Total Pump Head 70 ft
g | ,
L Control Head 70 ft
- 50
2 -
8 o [ Minimum Speed 88%
O L 4o
I _—
k5
= 30—
u _—
20—
10~
A 4 — \(
Ll 1 01 1 1 1 1 1 91 1 1 |~—>FlowHeadLoss
0

200 400 600 800 1000 1200 FIOW, GPM 45
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What happens to BEP pump
efficiency (at 50% flow) as you
Increase minimum control
head or differential pressure
set point?



Real World V/S Curves

Variable Head

12 % Efficiency
100 100 %
901 % Speed Curves
80 90 %
g |
70
T 60
S
L , Total Pump Head 110 ft

11 Z6&

Control Head O ft

BEP Efficiency 85%

GPM

*Based on 50% Flow at 400 GPM

OO 100 200 300400 500 600 700 800 900 1000
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Real World V/S Curves
0
12—92%  60% 70 o 75%gq o, % Efficiency
110~ 85 % 80 %
° 75 %
| 100 / 100 %
90T % Speed Curves
S 8or ‘ ’,/ 90 %
D 4+
T S7or
o 9
S 260 1’,//, SO
= ' y Total Pump Head 110 ft
> 907 /II 70 %
a0k ,,’,/" Control Head 20 ft
60 %
30 ’,,///‘ BEP Efficiency 77%
0
2ol /4
o5 L ,,///// 0 %
qv] 10 )
X O |/ 30 p GPM
w I 0 o— | | | | | l
O 100200 300400 500 600 700 800 9001000

48
*Based on 50% Flow at 400 GPM



Real World V/S Curves

12 % Efficiency
110

80 % 75 o
100 100 %

Variable Head
Feet
~ oo
Oi o

Fixed
Head
N
o

1 ] =

Control Head 40 ft

BEP Efficiency 72%

GPM

*Based on 50% Flow at 400 GPM

OO 100 200 300400 500 600 700 800 900 1000
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Real World V/S Curves
50 9 -
12 0% 60% 709 75%gq o, % Efficiency
110 385 %
80% 75 o

S 0
5 10 / 100 %
ﬁ 90T ’ % Speed Curves
T 80r | l’l 90 %
= g vd
g grop ' V’

S A 80 %

S 60— / , >
2 ' Total Pump Head 110 ft

S0 ,I 70 %
2 a0 " Control Head 60 ft
8 e

30 BEP Efficiency 67%
X 20 I
i ok | [ | 0 %

llzZ =3°p GPM
0 L I R B B
O 100200 300400 500 600 700 800 900 1000

50

*Based on 50% Flow at 400 GPM



Real World V/S Curves

12 50 9% 50 %

0% 75 %80 % % Efficiency
110 85 % 30 %
75 %
Variable 100 100 %
Head oo % Speed Curves

80— | ’ 90 %
5 |
<7 80 %

s | 0
T 60

2 Total Pump Head 110 ft
50T , 70 %
- Control Head 80 ft

40

307 BEP Efficiency 65%
, , 50%

201

10 ’//// 30 po GPM

- | I N R
0 100 200 300400 500 600 700 800 900 1000

*Based on 50% Flow at 400 GPM

Fixed Head ——

P R
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Real World V/S Curves

12 50 9% 50 %

0% 75 % g0 04 % Efficiency
— - 0)
Variable 110 85 & 80 % - o
90T % Speed Curves
80 f ,I 90 %
9]
L 70T
- 0)

260 / ’, 0%

)

T

' ' Total Pump Head 110 ft
,I 0%
‘, Control Head 100 ft
WY e
BEP Efficiency 62%

',,/J:V, 50%

| /2240 %
VW zZ30) GPM
0= 1 | I R I B
0O 100200 300400 500 600 700 800 900 1000

*Based on 50% Flow at 400 GPM

Fixed Head
w bH (@)
=

N
o
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What happens to BEP pump
efficiency at 100% flow when
you over head a pump?



Real World V/S Curves
5009 .
12 0% __ 60% 70 75 %gg o] % Efficiency
75 %
100~ "/ 100 %
m % Speed Curves
y
80 ‘ ,/ 90 %
E}é 2ok ‘ Falls off pump curve
X ,/ , o.. at 65 feet of head
Tz 80 %
T 60 , and 80% speed
o T |
f) 50 ’Il,,, 70|% Efficiency changes
re — from BEP of 85% to
g 30T A
> ”,//// 50% . :
201 . Variable speed drives
3T Lok | /72740 % will not fix the problem
=2 2z 30 % GPM
0.1 I N B L |
O 100200 300400 500 600 700 800 900 1000
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“100% flow over headed pumps”



» System Curve Review

3. Pump Selection Guidelines ASHRAE & Hl
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HEAD, %

I.G'u".-' BEARING AMD SEAL LIFE
REDUCED IM=ELLER LIFE

SUCTION RECIRCULATION
-é:_—- DISCHARGE RECIRCLILATION

BEST EFFICIENCY POINTS
BEST
PRACTICE

BEST LIFE-CYCLE COST
LOW BEARING AND SEAL LIFI
-10%% o't
BETTER

HIGH TEMPERATLIEE RISE
\Z- LOW FLOWY CAMVITATION

CAVITATION

FLOW, %

Fig. 7  General Pump Operating Condition Effects
(Hydraulic Institute)
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ASHRAE Recommendation

“selection limits of 66% to 115% of flow at the BEP are
suggested”

“Where possible, pumps should be chosen to operate to the
left of the BEP because the pressure in the actual system
may be less than design due to overstated data for pipe friction
and for other equipment. Otherwise, the pump operates at a
higher flow and possibly in the turbulent region.”

-- 2016 ASHRAE Systems and Equipment Handbook
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CIRCULATORY

TURBULENCE A
o
Lo

SELECTION
RANGE \

PREFERRED
SELECTION
RANGE

HEAD: e

Satisfactory

A 66% 100% 115% }

Preferred 5., .o

PERCENT OF
DESIGN FLOW

FLOW——————

Fig. 33 Pump Selection Regions
2012 ASHRAE Systems and Equipment Handbook, p 44.11

“selection limits of 66% to 115% of flow at
59 the BEP are suggested”



Should we consider selecting pumps at full design flow to the right of
BEP to maximize variable flow system efficiency?

(Must have accurate pump head calculations )

(Do Not Overhead)

Two 50% parallel selected pumps will have a higher system
efficiency and provide 70% plus standby

As the load changes, control valves change the system curve and
the operating point moves to a new point on the pump cure

2012 ASHRAE Systems and Equipment Handbook, p 44.11
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» System Curve Review

4. Efficiency Islands and Load Profiles

61



Efficiency Island Importance!

TOTAL HEAD

25.

| BN ) 0 O

20

-
i

-
=

NE
. % B85%
Ly e . g e \ 1770 RPM
84.'6 = —
el HI POR Range: 8% sew
- 70% to 120% of BEP B \ : ~ o
8.5" ; "v[- ‘85%84% !
s 1‘( / N 1 | Y 18 N 81% <
/ [ (1 R / s, 20HP
7.25" / : = [ o Sl ll| B N ,
e “15HP
s | 10Hé NPSHr
o ™ (FY) (M)
Efficiency Island of 81% 7%HP NPSH e
and Above [ | | / , 6
] | | 14
| || - Jz
Date: 3/28/2013 0 g
200 400 600 800 1,000 1,200 (GPM)
1 } | L | | ! |
50 100 160 200 250 (M’IH)
CAPACITY

Figure 1
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Efficiency Islands: A Technical Review

What are “Efficiency Islands”?

TOTAL HEAD

s (M

20|

@

=

Product A
[e—> 4x5-9.5
5% ache 1770 RPM

E
00-

95 S 8% | gw

AN A e N

" e
e Flow Width: GPM Range

8.5" T~/ ; 85%
608"

B
S

117

N
b

To, a1 o 20HP
Efficiency Depth:
Sustained Efficiency [

at Reduced Impeller
Diameter

Date: 3/28/2013

200 400 600

800 1,000 1,200

50

0 150
CAPACITY.

200 250

NPSHr
(Ft) (M)

25

¥

(GPM)

(M'IH)

@Bell & Gossett
a xylem brand

O The “Efficiency Island”

should be as wide
and deep as possible

This illustration shows
how the width is
defined — in terms of
flow rate for a given
island

The depth is also
defined in terms of
sustained efficiency as
the impeller diameter
Is reduced
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20’ Set Point

@ 10y ~0
.Q EJM
100 GPM [W 2’

cllkeka

100GPM [M 4

Part Load =>

*

=D>
D

300GPM | = K [?{]
e (=)
100 GPM [ 6
mp .[x]_[*]
300 GPM (=

O
100 GPM IIVI 8’
=> Dol
(=
ap 00 G wm 10°
1 PM
=> Dol
B¢ °
< 100 GPM
30’

System Curve Area

As two way valves open
and close we may have
different flow paths and
the system curve shifts.
We define this as the
System Curve Area.
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System Curve — Curve Movements & Shift

Centrifugal pump system curve
{th_ruttling valve)

’,f' System curve
S’

Changed conditions, //

Head - h

Flow rate - q

http://powerelectronics.com/site-files/powerelectronics.com/files/archive/eetweb.com/motors-drives/1211-Siemens-centrifugal-pump.gif

 Open Valve

— Pivots curve to the right, higher flow at the same
head

e Closed Valve

— Pivots curve to the left, lower flow at the same
head 68



Variable Frequency Drives & ASHRAE 90.1-2010

HEAD
System Curve Area

vED As two way valves open

X%
@ \.\ and close we may have
\ : different flow paths and
----------------- \\@\ the system curve shifts.
"“'u}\&___,,,\\"% We define this as the
System Curve Area.

FLOW

Deep and wide efficiency islands give the pump system
more combinations to exist within the same efficiency.

The use of a VFD can further the opportunities to maintain
efficiency while maintaining target system condition. 69



Head (Feet)

The Control Curve

Using typical load profiles
e we only run at full load
/ and flow one percent of
the time.

/ A\ 2
M h, =h, | 4 MinControl Head
Q,

=== |nner Valves Close Head
== Outer Valves CLose
m— System Curve

10.0

0.0 T T T T \
0.0 1000.0 2000.0 3000.0 4000.0 5000.0 600(

Flow (USGPM)
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HEAD

VALVE AND
SYSTEM
HYDRAULICS
EFFECT UMDER

n::nmn':'l-/

SYSTEM EWE*ﬁ//

WiITH SYSTEM
STATIC
PRESSURE
VALVE AND
SYSTEM

HYDRAULICS

EFFELT UNDER

= CONTROL

o

FLOW

Fig. 13  System Curve with System Static Pressure

Control Area

Flow will be at 50%
are less the majority
of the time with typical
load profiles

2012 ASHRAE Systems
and Equipment Handbook,
p 13.9
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Efficiency Islands: A Technical Review

Control Area and System Head Curves

Control Area Map with System Head Curves Q The is

the area between the upper and
lower system head curves

Control Area — blue f (| PL_lmp operatiqn can occur within
/ this zone, not just at the upper and

lower boundaries or on a single
system curve

/ j
// O Operation in a narrow band of flow
/ rate and pressure simply doesn’t
/ happen

/
.
T

" i
e . .
”A / QO To provide efficient systems,
/ —System Curve

“Efficiency Islands” need to be

wide, deep and with high efficiency
===Inner Valves Closed IeveIS

Outer Valves Closed

U  Narrow flow width for iso-
efficiencies and rapid drop in

0 100 200 300 400 500 600 700 efficiency with impeller trim are
_FIawRa e, GPM . . .
[Fowrace cru] undesirable pump characteristics

75
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Case 1: Upper and Lower System Curves
T TH(9" Imp 9)

1770 RPM

Variable Speed Curves w/ Iso-Efficiency Lines

{
|
1

) s { :

Case 1 Design Point:
soocrm@esr Il

Design Point: left of BEP

———t SSSEE |
{7 ? B1 |
I 1 | ,’\_ |
.|' { ! ;’ ,’/\84 |
T 1 ' AT ~ 71 Sl 85 |
’ { / // - "/v
-

100

= == Upper System Curve
w—+ Lower System Curve
B Design Point

Flow Rate, GPM

800 200

1000

Figure 13

) End Suction Base Mounted
Pump"
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) End Suction Base Mounted

Pump"

Case 2: Upper and Lower System Curves
9.375" Imp @)

Variable Speed Curve wi Iso-Efficiency Lines
100
Case 2 Design Point:
w 1770 RPM P 5 soaPpmzosn | |
= G ———g | 2 R
{EESiiasass, tanEn: S e s v
g ————e P’ — —t ~
- v" { f | ,"r’\.u T
{ / / |/ 85
i" IA‘ | I’ ?/ 4 |
- - - ';- e R N T e SN Y ARt I R T N S 1
f f 4 s / : /.‘ be 1
{ /| 4 || == T Y > l
/ - 7 X4 |
L T - i \ -

N -
§ /

1450 RPM

W1 i -
300 400 500
Flow Rate, GPM

0+ -
100
Figure 14




Suggested Pump PLEV Efficiency Specification

The Pump PLEV efficiency based on ARI Standard
550/590 “IPLV” load profile, 30% fixed head or
calculated minimum control head, shall not be
less than that of the pump specified. A detailed
pump efficiency report at each load point based on
that load profile shall be submitted with the pump. A,
B, C and D is the pump efficiency at 100%, 75%,
50% and 25% of flow rate.

1
Pump PLEV = 1%_42%_ 45%  12%
A B C D

79



Suggested Pump PLEV Efficiency Specification

PUMP SCHEDULE

PUMPING SYSTEM MOTOR
TG | MODEL COMTROL HOMIMAL MOMIM! SFPEED
o | MANIPACTIRER L hmeer HoATIEN TR FLOW  (PEARY seTpOmT | PLEV POWER | PHASE | WOLT | AL |CONTRO | REMARKS
EFFICIENCY
GPM FT FT HP RPM L
P-1 e Wi## | CHWSECONDARY SvS | ENDSUCTION | 1000 m o a3 8016 40 3 | 480 0| wFD 12,3
p-2 ety WKW® | CHWTERCHARY SvS | ENDSUCTION | 600 63 20 52,96 15 3 | 480 {150 WFD 123

NOTE 1: PUMPING SYSTEM PLEV TO BE CALCULATED PER ARI STANDARD 5507550 LOAD PROFILE AND WEIGHTING; MOTOR EFFICIENCY AT 93% AND VFD EFFICIENCY AT 97% UNLESS SPECIFIED OTHERWISE
MOTE 2 PUMPING SYTEM PLEV TO BE CALCULATED WITH CONTROL CURVE PER SPECIFIED CONTROL SETPOINT WITH CONTROL CURVE CONVERGING AT DESIGN FLOW AND HEAD

MOTE 3 A detalled pump eficiency report &t each load point bassd on PLEVY | Equation provided below) load peofle shall be submisied with each of fie pump or pumps Bsted wishin fis schedule. A, B, Cand D
are e pump eficiency values al 100%, 75%, 30% and 25% of fow rale. Based on fe above equalion, during any given year fie Pumip willl operaie at 100% fow (Duty Poind) -only 1% of he year, 7To0%
flow - 42% of fhe vear. S0% fow - 45% of e vear and 25% fow -onlv 12% of e enfre vear.

1

1% . 42% . 45% . 12%
ArYTEF YTt

PLEV =

80




Suggested Pump PLEV Efficiency Spec Tool

Inputs are in Yellow
Design flow (GPM): 1000
Design pump head (feet): 110
Control head (feet): 10
Pump Flow Pump Head Pump Efficiency (%)
100% 1000 110 83.0%| A
75% 750 66 82.8%| B
50% 500 35 82.9%| C
25% 250 16 76.8%| D
PLEV Fermula 0 0 0 0 — o o _
(AR 550/590 Standard): | L 20 n 42% + 45% 4 12% — |Pump PLEV Efficiency = 82.1%
PLEV Specification: Click Here for Specifications




Part Load: IPLV =

ARI 1
1%, 42% 45%  12%
A" B C D

= Part Flow: PLEV

HVAC Pumps

Veating and Cooling Flow Raty
82




ARI 550/590 Standard

“IPLV” Pump Efficiency - Load Profile
(Integrated Part Load Value)

Based on 30% constant fixed head

IPLV Formula Weighting Factors & Water Pump Flow Rates

HVAC Load | Weighting PurEZtIZIOW Pllivrcp Run Point Efzgirgr?cy Oﬁ)_leorl?lm
100% | 1% 100% A
5% | 42% 15% B
50% | 45% 50% C
25% | 12% 25% D
Pump PLEV = 1

C

D

Note: Assume pump flow rates match % load

1%+42%+ 45%+ 12% expressed in blended efficiency

A B

83




To Get Highest System Pumping Efficiency

- Goal Is to maximize efficiency island:
Greatest range of flow and greatest span of
total head

- By having a larger island, shifts in the system
curve or movements along the pump curve
can happen within the same efficiency
range

84



To Get Highest System Pumping Efficiency

Maximize your efficiency islands!!!
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Pump Selection Examples

1. Variable Volume Pump Sections and Efficiency Islands

86



HEAD (Feet)
Pump Series:

150-
N RE
125- —
503 GI-DZ Tz T50: -
- l = bt T
= 8852
" -q&t—r g9
100- 1
883
505¢
o= £12 151 “:N%ssx
863 s’
78 H‘L"--‘ 7 88 \'{'ﬂ“v
S0z i | P - Lk
| s B TSN t’ e N ‘\4
— ) ~ e WL
50- e AT ‘\l“
I |
505 FO— .
| $0% 5% _g7s 802 1505 RPM
o - | 263 [
Pl — -
25- - i 1239 RPM
5037 0ROz s M
T L T 974 RPM
- |
1
531 RPM
1] 500 1,000 1,600 2,000 2,500 3,000
Capacity (GPM)
Suction Size =8 "™ Min lmp Dia=9" Design Capacity =2000.0 GPM
Discharge Size = 6" Max Imp Dia= 11" Design Head =95.0 Feet
CutDia=11" * Motor Size =60 HP

The Power and Eff. curves shown are for the cut dia. impeller.

“100% Variable Head”

Version 3.9.1
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Life Cycle Costing

Drivef
Flow Head Pump Motor Wire/Water
Load | Hours GPM Feet | RPM Eff. BHP Eff. EWHR Costiday Eff
29% 2.88 500.0 6.9 466 | B8.44 0.98 83.25 254 3025 73.6%
0% 10.80 | 1,0000 | 246 891 88.56 7.00 88.51 63.74 $6.37 76.4%
T5% 10.08 | 15000 | 540 | 1325 | 8853 | 2311 | 8772 | 198.04 $19.80 T7.7%
100% 0.24 20000 | 953 | 1761 | 8852 | 5435 | BEB1 11.23 $1.12 T76.7%

Variable Speed Operating Cost
Total Kilowatt Hours = 100,574.3 Cost per kwhr =3$0.10

Q

Total Hours per Year= 8,760 |Annual Operating Cost = 310,057 .43

.

“100% Variable Head”
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HEAD (Feet)
Pump Series:
150-
=
125- -
505 —B05 70— gg I —
- .I | 852 fE=
L qq '.‘---L..{“- ﬂ?!ﬁl enl’: i
Gur
1040- |
B8
B05c T "‘:;4
Bz &
. Blilx N ’_J‘ \-u-ﬁic
——— £ -
75- . | B0
88 I
TH
505 70 s0x oL ~— ‘i\
- |8 1 803
Hi- —— BT
| |
S0 Fh— - -
: B0 855 _go., a0z 1505 RPM
= <
[ — P
25- i 1239 RPM
S0 - TO2E05:: |
L 1"Br!ﬂ=i=;sx £74 RPM
- |
L
0- | | 531RPM
1] 500 1,000 1,600 2,000 2,600 3,000
Capacity (GPM)
uction Size=8" Min lmp Dia=9" Design Capacity =2000.0 GPM
ischarge Size=6" Max Imp Dia=11" Design Head =95.0 Feet
CutDia=11" Motor Size =60 HP

he Power and Eff. curves shown are for the cut dia. impeller.

“30 Feet Constant Head”

Version 3.9.1
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Life Cycle Costing

Drive/
Flow Head Pump Motor Wire/Water
Load | Hours GPM Feet | RPM Eff. BHP Eff. kWHR Cost/day Eff
25% 288 500.0 341 964 68.06 6.32 8648 15.34 $1.53 60.2%
20% 10.80 1,000.0 463 | 1161 | 8570 | 1363 | 88.14 | 124.55 $12.46 795.9%
79% 10.08 1,200.0 666 | 1439 | 8800 | 28664 | 8743 | 246.23 $24 62 77.0%
100% 0.24 2,000.0 950 | 1759 | 8852 | 5423 | 86.62 11.20 $1.12 76.7%

PLEV = 84.5%

Variable Speed Operating Cost

Total Kilowatt Hours = 145,022.1

Total Hours per Year = 8,760

Cost per kwhr = $0.10

Annual Operating Cost = $14,502.21

“30 Feet Constant Head”
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Who iIs going to pay the difference?

“100% Variable Head”

Variable Speed Operating Cost

Total Kilowatt Hours = 100,574.3 Cost per kwhr = $0.10 P um p P L EV
Total Hours per Year = 8,760 |Annual Operating Cost = $10,057.43 <:| = 88 . 5%

“30 Feet Constant Head” $ 4,44478

Variable Speed Operating Cost

Total Kilowatt Hours = 145,022.1 Cost per kwhr = $0.10 P um p P |_ EV
Total Hours per Year = 8,760 | Annual Operating Cost = $14,502 21 | — 84 . 6%
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Thank you for coming!




