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2. Primary-Secondary

3. Primary-Secondary-Tertiary

4. Distributed
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15.2 Primary sysiems
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2 Lﬁﬂmigmuhﬁﬂwﬁ’ﬂmuﬁ balancing valve fig
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VALVE

THREE-WAY VALVE

a. Constant volume, primary system.
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b. Small constant-volum system.

Figure 15.1 Constant volume system
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15.2.1. Small primary pumping system
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15.2.2. Variable volume primary system with
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10.3, 10.4, 10.5) uaael¥ifundnungydaning
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VALVES ON CODLING
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Figure 15.2 Variable-volume system with
system relief valve.
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15.2.3. Variable-volume primary system for

existing chillers
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% TABLE 10.3 Typical Wire-to-Shaft Efficiencies for Variable-Speed Drives with High-Efficiency Motors

Percent Motor horsepower

full 15 50 75 100 150 200
0 0 0 0 0 0 0
40 50.2 63.0 61.5 58,2 G672 -« 67.0
60 73.2 81.3 80.6 8.6 84.4 84.7
80 84.4 88.3 88.3 88.6 90.9 90.6
90 86.5 89.8 90.9 91.0 91.8 91.8
100 87.7 90.9 91.4 92.2 929 93.1

TABLE 10.4 Wire-to-Wather Efficiency Calculations for Two 100 Percent Capacity Pumps

Systemn System Water  Fitting Pump Pump Pump Input WW
gal/min head, ft hp loss, ft head, ft  rev/min efficiency kW  efficiency '
500 236 3.0 04 24.0 723 67.0 4.8 45.9 (\
625 254 4.0 0.6 26.0 Vi 731 5.8 51,2
750 25 b2 0.9 284 827 77.0 7] 55.2
1000 32.9 8.0 16 34.5 947 81.3 10.2 60.6
1250 39.4 12.4 25 41.9 1071 83.3 14.5 63.9
1500 472 18 36 50.8 1204 84.2 20.2 65.9
1625 51.5 21:2 4.2 b5.8 1273 84.4 23.7 66.7
1750 56.2 24.8 4.9 61.1 1343 84.5 275 67.2
1875 B4 28.9 5.6 66.7 1414 84.5 319 G7.7
2000 66.3 33.5 6.4 727 1486 84.6 36.8 68.0
2125 L8 385 il 79.0 1559 84.5 42.2 68.1
2250 77.6 441 8.1 8b.7 1632 84.5 48.3 68.1
2375 83.7 50.2 9.0 927 1706 84.5 56:0 68.1
2500 90.0 56.8 10.0 100.0 1780 844 62.6 67.7
NOTE : Pump and wire-to-water efficiencies are in percent. .
|
TABLE 10.5 Wire-to-Wather Efficiency for Three 50 Percent System Capacity Pumps
System System Water  Fitting Pump Pump Pump Input W/W
gal/min head, ft hp loss, ft head, ft rev/min efficiency kW  efficiency
One pump running
500 23.6 3.0 ) 1.6 28.2 845 84.6 3.3 66.3*
625 25.0 4.0 2.5 279 927 86.8 4.4 677"
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System System Water  Fitting Pump Pump Pump Input W/W
gal/min head, ft hp loss, ft head, ft rev/min efficiency kW  efficiency
750 27.0 5.2 3.6 31.1 1012 87.3 5.8 G7.2*
875 30.0 6.6 4.9 34.9 1104 86.8 1.5 B5.7¥
1000 32.9 8.3 6.4 39.3 1201 85.9 9.7 637
1126 36.0 10.2 8.1 441 1302 85.0 12:4 B1.7
1250 39.4 12.4 10.0 49.4 1406 84.0 155 59.9
1875 43.2 15.0 121 5.3 1511 83.0 19.2 58.2
1500 472 17.9 14.4 61.6 1619 82.7 23.6 56.6
1625 51.5 21.2 16.9 68.4 1728 81.3 28.7 5h.l
1685 b3.7 22.9 18.2 71.9 1780 81.0 31.4 54.3
Two pumps running
875 30.0 6.6 2 % 924 78.2 el 64.4
One pump running
500 23.6 3.0 1.6 252 845 84.6 33 66.3
1000 32.9 8.3 16 34.5 978 80.7 9.3 66.7*
1126 36.0 10.2 2.0 38.0 1035 82.5 1.2 68.2%
1878 43.2 15.0 D) 46.2 1158 84.7 16.0 69.9*
1500 47.2 179 36 50.8 1222 85.4 19.0 70.4%
1625 g1.5 212 4.2 55:8 1289 85.9 22.3 70.B%
1750 b6.2 24.8 4.9 61.1 1366 86.3 282 70.8%
1875 61.1 28.9 5.6 66.7 1425 86.5 305 70.9*
2000 66.3 33:b 6.4 127 1494 86.7 3b.2 70.9*%
2125 71.8 38.5 72 79.0 1565 86.0 40.5 70.9%
2250 7.8 441 &4 8b.7 1636 87.0 46.4 T0.9*
2375 83.7 50.2 9.0 92.7 1707 87.1 52:9 07"
2500 90.0 56.8 10.0 100.0 1779 87.1 60.3 70.3*

NOTE : Pump and wire-to-water efficiencies are in percent.

TABLE 15.1 Wire-to-Wather Efficiency for a Percent-Relief System

System System Water hp  Overpressure, * ft Pump Wire-to-water
gal/min head, ft input kW efficiency, %
500 236 3.0 66.4 525 38
625 25.4 4.0 64.6 59:5 5.0
750 27.5 5.2 625 59.5 6.5
875 30.0 6.6 60.0 59.5 8.3
1000 32.9 8.3 B7.1 59.5 10.4
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System System Water hpOverpressure, * ft Pump Wire-to-water
gal/min head, ft input kW efficiency, %
1128 36.0 10.2 54.0 512 ] 12.8
1250 39.4 12.4 50.6 59.5 155
1376 43.2 15.0 46.8 59.5 18.8
1500 472 149 42.8 58.5 224
1625 51.5 21.2 38.6 528 26.6
1750 b6.2 24.8 33.8 595 300
1875 81.1 28.9 289 59.5 36.2
2000 66.3 33:5 23.7 h8i5 42.0
2125 71.8 38.5 18.2 59.5 48.3
225() M1 441 12.4 595 B5:3
2375 83.7 50.2 6.3 59.5 62.9
2500 90.0 56.8 0.0 58.5 £1.3

*Assumes that the pressure-relief valve is set to maintain 90 ft of differential pressure on the system

at the pumping system discharge.
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Figure 15.3 Variable primary system.

Figure 15.4 Minimum chiller flow control.

(From Patterson Pump Company HAVC Pumps and
Systemmsss Manual, 2004.)
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b. Two zone primary / secondry chilled waterr system.

Figure 15.5 Primary-secondary distribution
systems.

NDUIEIULNUNEA (core area) Uad campus LV
A

apizit booster pump Sumslunsdeinlufianens
ﬁagjdmuaﬂﬁmﬁawﬁq Wunsusnanueuaasanans
dawfilnasanly sanainszuuvadaiunans

(Core area)

Fig.15.6b u&ay Pressure Gr;dient Diagram
va93zuLdeviliAunsananusuluszu U mna
ilauen Booster pump sanly vilFasduliszuy
AIunNaNanagaIn 277 Ft. aunde 212 Ft. 1ums
aAN13 MR HAY uwazfanaAdumIYeY control valve
LLazqﬂmrﬁmzﬂauiﬁl,ﬂmjuﬁﬁmﬂﬁﬁﬂ’nuﬁu@%’m

n13eanuuY Booster pump azfadldhusan
Al Secondary pump 2a932UUEIUNANM 1 sec-
ondary pump i constant speed pump azfiad
panuULYi Bypass 7 Booster pump uas Control
valve 289819139128 @1N Fig.15.6¢c 18 bypass w84
booster pump ¥l secondary pump ANEIUNAN
g Torheuen e sldn load ﬁ"]s] ey
i head Walesdnde afdonstANLsZENSA M
2a9M a1 (Pumping Efficiency) twanzlugae
N812 Booster pump mmquﬂﬁwm‘lﬁ Control
valve 28481a17 (Building Control valve) ailudiag
i15etlostu Secondary pump fidaunansiiana
AWAUNIIANNAUBIANT (Over pressure the Build-
ing) control valve ﬁ ﬂ?ﬂﬂﬁﬁ’)&l Differential pressure
Transmitter ﬁ’al,ﬁmﬁ'uﬁmuqmawm Booster pump
ila Booster pump ¥ivuag

i1 Secondary pump \ilu variable speed pump
ﬁua:mu@;u@i’m differential pressure transmitter ‘ffit
aﬂg’ﬁagﬁﬁwmeluﬁamuﬂm\a (Point in centra zone
-Fig.15.6a) ¥inn secondary pump \lu constant speed

Evaporative Cooling System

Humidity Control Energy Recovery

Bestchmare cantrol fechnglogy far grealest productivily

//_;«\\ WA B RS SHAsSIUEIITD $6
Tel . 185-2831-4, 185-2950-1 QE} UTILE ENGINEERING INTERNATIONAL CO., LTD.

www.utlle.co.th , info@utile.co.th

L




CR TR bypass & control valve usvnALllu variable
1 Voo 1 o =
speed pump dxulvgiuialaifiauanin uvuae
M3Aanan Fig157 Mdlulsewerunaumalngl Hil
secondary pump aglusaunanyhmihaanerieaniy
Fig.15.7b u&AINIIAaLAEY pump aYNTH
Auagneiiuny nguinia ldeaasdutinadsoyny
Auluszuy HVAC 1 secondary pump i constant
speed pump asfiifymrilumvieu udwae sec-
ondary pump W& booster pump i variable speed
pump TeusasTzULIBIIUAIUANGIE differential
pressure transmitter Was digital controller YBIHY
= rel o
wefiaz ldfitfywluniarhem
Fig.15.8 a3118n13%A¢4 variable speed pump
ADITAULUDYN THIY UARS LAV URILANIDLIAE
differential Pressure transmitter pump No.2 @ad9
bypass check valve Mizanlivinehuiioungariemu
i pump No. a1 Tavine Mg live 2 32uun
1 = nl' & ar
head & flow BENGLNEIWOIMENNNTZAARINAZLTZHER
s 1 w'y g o é’
wasauldanda mﬂwﬂwﬁﬁmmﬁugﬂLmum‘:
AIUANAZedIE i Pump No.2 wgavingu Differ-

NEW BUILDING
WITH_BOOSTER
PUMPS

WWEMEA}: ‘,L____-h-

7 /
- v%
CA= e

— "

a. Secondary puming for care area with booster pumping
system.

Figure 15.6 Secondary pumping systems with
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Figure 15.6 (Continued)
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Figure 15.7 Distributed pumping in a large

hospital.
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Figure 15.8 Variable-speed pumps in series.
(From Patterson Pump Company HVAC Pumps
and System Manual, 2004)
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c. System head curve adjusted for pump fitting losses.
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b. Adding variable speed pump to existing
tertiary pumping system.
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Figure 15.10 Comparison of energy for variable
primary pumping with primary/
secondary (From Primary Only us
Primary Secondary Variable Flow
Systems, Steven T.Taylor, PE, ASHRAE

February 2002. Used with

permission.)
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Figure 15.11 Distributed pumping.
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15.6.1 Variable primary (VP) and Distributed
Pumping
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a. Typical distributed pumping, three building system.
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b. Pressure gradient diagram for typical, three building system.

Figure 15.12 Typical three-building distributed
pumping system
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15.6.2 Water reset in distributed pumping
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15.6.3 The used of Distributed Pumping
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Figure 15.13 Two-building distributed pumping
system.
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a. Hydraulic gradient diagram (System fully loaded).
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b. Hydraulic gradient diagram (System partially loaded).

Figure 15.14 Hydraulic gradient for the two-
building distributed pumping

system.
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b. Hydraulic gradient diagram for two building system with
secondary pumping.

Figure 15.13 Two-building distributed pumping
system.

Vavkslte spioed,
Euding puiripa

o i Jo— Chroutdur centrd
il |4 P
4| daditors

Figure 8.13 Distributed pumping with small

circulators in chiller plant.




maﬁzwﬁuﬁ{']ﬁgﬂwmmmzw Primary, Secondary,
Tertiary Pumps launufigheszuy Distributed Pump-
ing AT iMazelusULARaIT A RN Tz
i anwdesninawaTaaIes chillers Al
anaiy

‘a‘:uumza’mﬂ:fmuu Distributed Pumping
anToannTlindssuacldidannaelnsl  udld

WaH
RMHAL

B

us

£
bl il

-

;

70 FUTURE

CONCOURSE

a. Distributed pumping at international airport.
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L
0 1 A ==

b. Small distribution pumping system on a colleage campus.

Figure 15.6 Typical uses of distributed pump-
ing. (From Airport’s Pumping System Horsepower
Requirements Take a Nose Dive, HAPC manazine,
October 1993.)
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Figure 15.5 Building temperature control with

distributed pumping.
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Figure 15.17 Typical hydraulic gradient dia-
gram for a conventional secondary pumping
loop. (From Airport’s Pumping System Horsepower
Requirements Take a Nose Dive, HAPC manazine,
October 1993.)
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