What do you mean there’s not enough flow?!

Scott T. McKenzie, P.E. LEED AP
March Adams and Associates, Inc



Project description

Replace 28 year old, 500 ton chiller with two 800 ton
chillers



(BTW - No downtime!)



General arrangement — existing




Selected chiller

800 ton centrifugal
38 Deg F supply, 54 deg F return
0.60 KW/ton full load, 0.52 KW/ton NPLV, 0.48 KW/ton @ 50-60% load

% Load vs. kWiton - using AHRI Relief Method
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Rated flow at 16 deg DT — 1350 gpm, minimum flow 560 gpm




TOTAL HEAD IN METERS

Selected Chiller Pumps

Variable primary flow - System pressure control with VFD
Two way valves on most AHU’s
Automated chilled water bypass valve for chiller minimum flow

Operating point 1350 gpm @ 60 ft — selection point 1550 @ 80 ft
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Problem

System operating — chiller alarming on “low flow”

One chiller running

Two pumps running @ 100%

BTW — Make sure the field tech confirms the correct minimum flow value
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Chilled water pressure profile

Item

Pump
discharge

Pipe

check valve
Pipe

B/F valve
Pipe

Ell
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Pipe
reducer 6x10
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length

16
30

16

1

16

16
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pump discharge

press 60
system flow rate
1350 gpm
56.7 Head
25.4 BHP
Cv (or per 100" DP
GPM @ 1 psid psid
593 0.0518
425 10.0900
593 0.0518
1900 0.5048
593 0.2073
593 0.8292
593 0.2073
593 1.5548
593 0.0518
593 0.8292
593 0.0518
593 0.2591
2245 0.0108
2245  0.0579
2245 0.0289
2245  0.0579
2245 0.0434
2245  0.1085
2245 0.0000
3517 0.1473
2245 0.0289
2245 0.0289
2245 0.0289
2245  0.0579
2245 0.0036
811 2.7709

psi

Reqd
Reqd

Pressure
psi

60
59.948
49.858
49.806
49.302
49.094
48.265
48.058
46.503
46.451
45.622
45.570
45.311
45.300
45.242
45.213
45.155
45.112
45.003
45.003
44.856
44.827
44.798
44.769
44711
44.708
41.937



Chilled water system pressure profile
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Pump discharge pressure of 60 psi was reduced to
47 psi within the first 20 feet of piping




Check valve was the main problem
(not the only one)

Why install one?
Pump isolation, contamination, fill pipeline, pump prime, code, etc.

What kind should be used?

(Who knew there were so many kinds?)



Wafer style

low cost

low” DP style)

Easy to install

(also in

13

Ball check

Low seat wear

Globe check
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Dual disk

Easy to install, low cost

Swing Check
Larger, more expensive

Tilt Disk
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Check valve Cv chart

model Valve Cv at pipe size
name Type Mark 4 6 8 10
Wafer Silent wafer w1l 228 350 520 900
Wafer silent wafer w2 220 425 730 1300
Wafer silent wafer w4 230 450 750 1250
PIPE 202 593 1233 2245
Wafer silent wafer W3 350 600 900 1500
Globe silent globe wafer GW2 250 600 1150 1700
Globe Silent globe wafer Gw1 278 625 1115 1770
Globe Silent globe wafer GW3 280 630 1300 1800
Dual Disk dual disk DD1 400 648 1060 1890
Dual Disk dual disk DD4 220 680 1400 2300
Chexster tilt disk TD1 500 790 1125 2000
flex disk flex disk SF1 350 800 1600 2300
Duo-check dual disk DD3 377 821 1590 2920
CRANE 285 839 1744 3175
Swing check swing check SW1 380 850 1515 2370
Sure check dual disk DD2 340 860 1400 2300
Swing Check Swing Check SW3 330 900 2000 4200
swing check swing check SW2 460 1030 1950 3200
Swing-flex swing flex SF2 440 1040 1900 3050
Flo-Flex tilt flex TF1 420 1100 2200
Tilted Disk tilt disc TD3 475 1160 2200 3600
Slanting Disk tilt disk TD2 530 1300 2000 3300

8" valve

cost
MSRP

400

675

1,150

412

3,500

827

3,300



CV Value - GPM at 1 psid
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5 6 7 8
Check Valve size - Inches of pipe diameter

—— V1
=f=\N2
== W4
==\\3
== GW?2
=0—-GW1
== GW3
eameDD1
e DD4
=li=TD1
==i=SF1
=f¢==DD3
==le=CRA
NE
O-SW1
e=t==DD2
==SW3
= SW2
=0—SF2
==TF1

eniempP|PE




System
Pressure
PSIG

70

65

60

55

50

45

40

35

30

25

20

Revised System

1 3 5 7 9111315171921232527293133353739414345474951




Economics of using a better check valve

1350 GPM 72 ft head 78% efficient 33,2 BHP
1350 GPM 31 ft head 85% efficient 12.4 BHP

20.8 BHP saved (33.2-12.4)

@ 746 Watts / BHP
@0.07 $/KWH
@ 8760 hrlyr

$9,515 per veadr (30 vear life)

$285,450

(The better check valve cost $427 extra)



Lesson 1

Specify all equipment in your system or at

least specify a performance requirement for the
“important” ones.



Which items in a pump installation are important?

Incoming pipe size
Suction side air separator
Inlet isolation valve
Flex coupling
Inlet strainer
Suction diffuser
Reducing fitting at pump suction
Pump selection
Expanding fitting at pump outlet
Check valve
Discharge isolation valve
Triple duty valve
Circuit setter / flow meter




Incoming pipe size

Probably matches the pump suction

(Pump data are typical centrifugal at BEP)

Pump size Nominal flow rate
iInches gpm
3X2 250
4X3 450
5X4 650
6 X4 1000
8 X6 1800

pump at 1750 rpm



Recommended pipe velocity

4 - 6 ft/sec

In larger pipes, the velocity can be higher — less skin friction



Typical velocity at the pump inlet

Suction
Nominal flow Inlet Fluid
Pump rate velocity DP
pipe
out/in gpm size ft/sec psid/100'
2 X3 250 3 10.8 5.93
3X4 450 4 11.3 4.60
4 X5 650 5 10.4 2.98
4 X6 1000 6 11.1 2.68
6 X8 1800 8 11.5 2.08




Point #1

Increase pipe size before the pump to at least one size
larger than the suction inlet

Suction Enlarged suction
Pipe
Nominal | size Fluid Pipe Fluid
Pump flow rate velocity DP size | velocity DP
psid/100

out/in gpm Inch | ft/sec |psid/100'|inch ft/sec '
2X3 250 3 10.8 5.93 4 6.3 1.46
3X4 450 4 11.3 4.60 6 5.0 0.59
4 X5 650 5 10.4 2.98 6 7.2 1.18
4 X6 1000 6 11.1 2.68 8 6.4 0.68
6 X8 1800 8 11.5 2.08 10 7.3 0.66




Point #2

Remember Point #1
when you get to the other end of the pump!

Discharge
Nominal flow Pipe
Pump rate size Fluid velocity DP
gpm inches ft/sec psid/100'
2 X3 250 2 24.0 47.0
3X4 450 3 19.5 19.3
4 X5 650 4 16.4 9.9
4 X6 1000 4 25.2 22.6
6 X8 1800 6 20.0 8.7

Return to enlarged pipe size as soon as possible




The tale of two pumps

™~

ST1 500 GPM <)_IG"
YN

P2
ST 500 GPM




P1 - Small piping

P2 - Large piping

Cv (or
per
ltem size 100" DP  Pressure
GPM
equiv @1
length psid psid psi
pipe 6 1 593 | 0.01 59.99
6x4 reducer 4 8 202 | 0.49 59.50
pipe 4 1 202 | 0.06 59.44
B/F valve 4 660 | 0.57 58.93
strainer 4 260 | 3.70 55.23
pipe 4 1 202 | 0.06 55.17
pump 0.00 55.17
pipe 3 1 97| 0.27 54.90
check 3 135 | 13.72 41.19
B/F valve 3 340 | 2.16 39.02
6x3 reducer 3 10 97| 2.66 36.37
pipe 6 1 593 | 0.01 36.36

Cv (or
per
Item size 100" DP  Pressure
GPM
equiv @1
length psid psid psi
pipe 6 1 593 | 0.01 59.99
B/F valve 6 1613 | 0.10 59.90
strainer 6 575 | 0.76 59.14
pipe 6 1 593 | 0.01 59.89
6x4 reducer 4 8 202 | 0.49 59.40
pump 0.00 59.40
pipe 3 1 97 | 0.27 59.13
6x3 reducer 3 10 97 | 2.66 56.48
pipe 6 1 593 | 0.01 56.47
check 6 720 | 0.48 55.99
B/F valve 6 1613 | 0.10 55.89
pipe 6 1 593 | 0.01 55.88




Piping cc7>0mparison

Pump piping pressure drop

65

60 -
55

50

4 e==smaller
Pressure piping
PSIG 40 ==|arger
35 piping

30

25

20

1 2 3 4 5 6 8 9 10 11 12
small pipe large pipe
Total DP (psi) 23.6 4.1
BHP 9.55 1.66
Annual operating cost $ 4,369 $ 761
Operating cost (30 year) $ 131,083 $ 22,821
Total cost of piping parts $ 1,432 $ 2,263




So...back to the question

What’s important?




(perspective!)




What’s important — system components

C Pipe Check B/F Alr
\ 100 ft valve Strainer  valve separator

si|ze

3 97 135 140 340 200
4 202 | 270 260 660 300
6 593 | 720 573 1613 660

38 1233 | 1400 1000 3759 1800

10 | 2245 | 2600 1500 5300 2700

Typical Cv values for equipment (gpm that generates 1 psi loss)



Suction side air separator

Impact or Centrifugal

Many are designed around a 2 psi pressure drop
1000 gpm =$750/yr pump energy



Air Separator
Cv-gpm

Model

no strainer
SPA no
strainer

high velocity
SPA w/
strainer

w/ strainer

standard

nominal pipe size -inch

2 25 3 4 6 8 10 12
110| 170 | 250 | 450 /1100|1800 | 3200|4500
60 | 80 | 200 | 370 | 850 | 1400|2250

/5 | 130 | 200 | 330 | 660 |1200|1850 2700
40 | 60 | 90 | 180 | 500 | 720 |1200

45 | 66 | 100 | 170 | 450 | 750 14001800
46 | 62 | 110 | 180 | 420 | 600 | 930 1420




Air Separator

6000
5000
=&—no strainer
4000 =-SPA no strainer
£ —4—high velocity
o A
>. 3000 —=<SPA w/ strainer
o —%=w/ strainer
2000 -o-standard
====Pipe
1000
0
Pipe size
Point #3

If at full size - air separator should be sized at line size

(increased one size from pump inlet size)

Watch which one you pick.




Consider an alternative

At 3 gallons per ton of capacity
2.0-2.4gpm per ton

Many chilled water systems will circulate the full system
water in less than 2 minutes

With a full size separator most air is removed in first hour

Will a side stream unit suffice?



Single story building — air separator installation

AUTO
VENT
AIR
SEPARATOR
S1ZED FOR
5% OF
TOTAL FLOW
&

90% OPEN [ 10% OPEN
O S FX
Ll
SOCK FILTER

PUMP

Caution — dirt can hinder the air separation




Does the air separator always go next to the pump?

Maybe not...........

Air solubility is much more affected by pressure than temperature.



Solubility of air in water

expressed as percent of volume of air per volume of water

Temperature
(°F)
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210

0
2.6%
2.2%
2.0%
1.8%
1.6%
1.5%
1.4%
1.3%
1.2%
1.1%
1.0%
0.9%
0.8%
0.7%
0.6%
0.4%
0.2%
0.0%

www.engineeringtoolbox.com

20
6.1%
5.3%
4.7%
4.2%
3.9%
3.6%
3.3%
3.1%
3.0%
2.8%
2.7%
2.5%
2.4%
2.2%
2.1%
1.9%
1.8%
1.6%

Gauge Pressure (psig)

40
9.7%
8.4%
7.4%
6.7%
6.1%
5.9%
5.4%
5.0%
4.8%
4.5%
4.3%
4.1%
4.0%
3.8%
3.6%
3.4%
3.3%
3.1%

60
13.2%
11.4%
10.1%

9.2%
8.4%
7.5%
7.3%
7.0%
6.5%
6.2%
6.0%
5.7%
5.5%
5.3%
5.1%
5.0%
4.8%
4.6%

80
16.8%
14.5%
13.0%
11.6%
10.7%

9.9%
9.3%
8.8%
8.3%
8.0%
7.7%
7.4%
7.1%
6.9%
6.7%
6.5%
6.3%
6.1%

100
20.3%
17.6%
15.6%
14.1%
12.9%
12.0%
11.3%
10.7%
10.1%

9.7%
9.3%
9.0%
8.7%
8.4%
8.2%
8.0%
7.8%
7.6%

In a building over 3 stories — small air separator may be best at the top.

(Dirt pluggage will be more of a problem over time)
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Isolation valves

For water — Butterfly valves



Ductile Iron - Lug Type

end-
Series Model line
press press temp ON/off Modulating Actuator Disc leadfree direction

alum-

LD LO00 | 100 n/a 225 y y y brnz y n/a EPDM

LD L022 | 100 n/a 225 y y y sS n n/a EPDM

LD L110 | 100 n/a 180 y y vy Ni-DI n n/a Buna

LD L222 | 100 n/a 300 y y y 33 n n/a Viton
alum-

LD 2000 | 200 200 225 ok ok ok brnz y bi EPDM
alum-

LD 2100 | 200 200 180 ok ok ok brnz y bi Buna

LD 2110 | 200 150 180 ok ok ok Ni-DI n bi Buna
alum-

LD 3000 | 250 232 225 ok ok ok brnz n bi EPDM

LD 3010 | 250 250 n/a ok ok ok DI n bi EPDM

LD 3022 | 250 250 225 ok ok ok ss n bi EPDM
alum-

LD 3100 | 250 232 180 ok ok ok brnz n bi Buna

LD 3110 | 250 250 180 ok ok ok DI n bi Buna

LD 3122 | 250 250 180 ok ok ok 13 n bi Buna

LD 3222 | 250 250 300 ok ok ok Ss n bi Viton

LD 5022 | 285 285 225 ok ok ok ss n bi EPDM

One manufacturer - 15 models
watch out for end of line placement




Butterfly valve Cv

2 2.5 3 4 6 8 10 12 14
Valve size - inches

Point #4

Pick a good valve that looks smooth ... and move on!



Inlet Strainers

Baskef Shrainer Options




&

Beware — dangerous waters!



Pipeline strainers/diffusers

Strainer - nominal pipe size - inch

type series body type screen 2 2.5 3 4 6 8 10 12

fire basket | UL/FM | fabricated | fire basket 0.25 230 400 | 1000| 1900 | 2500

single single

basket 30R cast basket n/a 90 140 200 240 370 600

single single

basket 72 | cast basket n/a 73 125 180 350 900 | 1400

single single

basket fabricated | basket 0.125 159 238 290 690 | 1200| 1650 | 2150

single single

basket FB fabricated | basket 0.125 400 830, 1850 | 2700 | 3700

single single

basket BIF cast basket 0.125 43 78 120 277 743 | 1486 | 3052 | 4981

single single

basket BIF fabricated | basket 0.125 400 830 1800| 2700 | 3800

single 97FB- single

basket Cl cast basket 0.125 80 130 180 320 750 | 1200 | 2000 | 3000

T-strainer T150 fabricated | T-strainer 0.125 80 170 300 620 | 1150 1500 2300

T-strainer TW150 | fabricated | T-strainer 0.125 150 260 620 | 1100 1750 | 2250

Y-strainer 85 | cast Y-strainer n/a 67 105 140 260 575| 1000| 1500

Y-strainer cast Y-strainer 0.125 88 119 156

Y-strainer YIF cast Y-strainer 0.125 62 98 155 369 590 942 | 1572 | 2261
77F-

Y-strainer Csl cast Y-strainer 0.125 63 140 280 650

Y-strainer 77F-DI | cast Y-strainer 0.125 75 130 170 300 650 | 1080 | 1650 2200




Strainer CV

5000

4500

4000

3500

w
o
o
o

N
Ul
o
o

—-fire basket

—4—single basket

=>single basket

/ /+single basket

=0-single basket
—+=single basket

—single basket

» —single basket

]

—=o—T-strainer

~-T-strainer

—A=Y-strainer

Y-strainer

Y-strainer

Y-strainer

. Y-strainer

Strainer / Pipe size inches

12e-PIPE

Lot’s of variability
But there’s more..................




Pumps suck, but dirt can fix that!
These are multipliers for the added pressure drop to account for dirt

Correction Factors for clogged screens

Ratio of Free Screen Area to Pipe Area

% Clogged 10to1 8tol 6tol 4tol 3tol 2tol l1tol
10% 3.2
20% 1.2 3.9
30% 1.4 5.0
40% 1.8 6.7
50% 1.3 2.5 9.5
60% 1.2 1.8 3.7 | 145
70% 1.8 3.0 6.4 26
80% 1.1 1.8 3.6 6.3 14 58
90% 2.3 3.5 6.0 135 | 24 55 -

Multiply rated clean filter pressure drop by factor listed above




Point #5
Strainers give more flexibility than suction diffusers.
Larger ports, more flexible screen choice

Point #6

If you must use the suction diffuser pick one with an
enlarged inlet

Point #7

Never undersize the strainer. Choose one the fits the
enlarged suction size, maximize the screen area. Make it
easy to tell when it’s dirty (gages) and easy to clean.

Point #8
Select the screen size for the application






Flex couplings are:

e Very short

o typically line size

e offer little resistance

e Uused Iin special occasions

o Vibration isolation
o compensating for thermal growth
o special seismic constraints

Point #9

Use flex couplings if you need to, but have a good reason.
Don’t worry about pressure drop.



Check Valves

Ball check

N
N

AASSASAssRsSSASsssSsa. -

Low seat wear

Globe check
Rugged
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Dual disk

Easy to install, low cost

Swing Check |
Larger, more expensivq‘ﬁ

Low pressure drop

Tilt Disk
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4500

Check valve CV versus style and pipe size s w1
4000 /

=E—=W2
3500

= \W4

3000 ==W3

=ie=GW2
2500

=0—-GW1

2000 == GW3

e DD1

1500

e DD 4
1000

=E=TD1

CV Value - GPM at 1 psid

500 -

e=ie=SF1

«4=DD3
3 4 5 6 7 8 9 10 —emCRA
Check Valve size - Inches of pipe diameter NE

Point #10

At the discharge of the pump, remember Point #1 — upsize
the pipe. Achieve a good fluid velocity.

and pick a great check valve.



Triple duty valves
Check and isolation in one — plus measurement




Clappar Assembly

Mafntehabce

Thiz valie Is designed to bs a
non-lebiricated plug valve with a
Teflon coated stem. This makas
the valve malntanance free.

The vahre should be aperated
(open and clescd) at least once a
month to keop the valve i
working order, This keeps the
huildup of rust that is causad by
impropor watsr reatment, from

bBuliding ep arsund the plug area.

By oparating the wvalve, thls wil
wash away anhy fovslgn parficles
that rmay ba trapped in the valve,

e suse and bump the handla
af the vabkis whent closing to
ansiie 4 tight seal hetween tha
plug and clzpper-

Design and Principhe of Operatio:

Tha Tripla Service Valve is designed {o
be a Block, Chack and Balancing Valve tor
installaticns nesding thasa threw faatures.
This vaie I3 a Guarter Tum Pheg Valve with
a built in Clapper for checking flow and Lhe
body is drilled and Eppad for metering
capahilities. When tho valve is in the Opan
Pasition, the spring loaded chesk feabura ts
baing utilized to act oz 2 chedk valve, Inthe
Closcd Position, the plug is turned and
sedlad against the clapper to create a
bubbla tight seal which is {he bfock daslgn
of the valve. By adjusting tha stem 1o the
desired apaning, flow can be controlked by
dsimy the balancing indicakar shovwn balow
ta get the correct flow desired,

{Ieacd Pasition
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Circuit setter / flow meter




Look inside............




Wide open?




10% closed !




25% Closed - Does this scare you too?




Main points

oSpecify all equipment in your system or at least
specify a performance requirement for the
“important” ones. Specify the CV requirement

oRequire submittals for all scheduled equipment.

olncrease pipe size before the pump to at least one size
larger than the suction inlet — (target 6 ft/sec)

o Air separator (if full size) should be sized at line size
(increased one size from pump inlet size)

o Pick a good valve that looks smooth ... and move on!

o Strainers give more flexibility than suction diffusers.



o If you must use a suction diffuser, pick one with an
enlarged inlet

oNever undersize the strainer. Choose one the fits the
enlarged pump suction, maximize the screen area.
Make it easy to tell when it’s dirty (gages) and easy to
clean.

o Select the screen size for the application

o Use flex couplings if you need to, but have a good
reason. Don’t worry about pressure drop.

o At the discharge of the pump, remember Point #1 —
upsize the pipe. Return to proper fluid velocity

and then pick a great check valve.

o Be aware of the pitfalls of circuit setters in the system



Thank you

Scott T. McKenzie, P.E. LEED AP
March Adams and Associates, Inc



