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NET POSITIVE SUCTION CHARACTERISTICS

Farticular attention must be given to the pressure and tempera-
ture of the water asz it enters the punp, especially in condenser tow-
erg, steamn condensate returns, and steamboiler fesda, If the absolute
pressure at the suction nozzle approaches the vapor pressure of the
liquid, vaporpocleets form in the impeller passages. The collapse of
the vapor poclets (cavitation) iz nolzy and can be destructive to the
purmp impeller (Figure 307,

The amount of pressure in excess of the vapor pressure required to
prevent vapor pocliets from forming iz lknown as the net positive suc-
flon pressure required (INFsE) NESER iz a characteristic of a grven
purp and varies with pump speed and flow. It 12 determined by the
manufacturer and 1z included on the pump performance curve,

MNFER 1z particularly important when a pump 12 operating with
hot liquids or 1z applied to a circuit having a suction lift. The vapor
pressure increases with wafer femperature and reduces the net
posifive suchion presswre available (NFSA) Each pump has itz
NPEE, and the installation has its NPSA, which iz the total useful
energy above the vapor pressure at the pump inlet.

The following equation may be uzed to determine the NPSA in a
proposed design (Figure 317

NPSA zﬁp-l_ﬁz — FPrpa — P (5]




" A
WL EFe

2, = absolute pressure on surface of liquid that enters pump, Fa
P, = static pressure of liquid above center line of purnp
(P12 negative 1f liquid level 12 below pump center lme), Pa
Py = absolute vapor pressure at pumping temperature, Fa
Bp= frictien losses m suction piping, Pa

To determine the NFS A in an existing installation, the following
equation may be used (z2es Figure 29

Vip
NPsA =PatPsT T _Pvpa [6)

WL EFe

P, = atmospherie pressure for elevation of mstallation, Pa
;= pressure at nlet flange corrected to center Iine of pump
(.18 negative 1f below atmospherie pressure), Pa
V42 = velocity pressure at point of meamirement of &, Fa
g = denzity of fluid, kg/fm?

If the NPSA 12 less than the pump’s NFRE, cavitation, noise,
inadequate pumping, and mechanical problems will result. For
trouble-free design, the NPSA must always be greater than the
pump’s NPSR. In closed hot and chilled water systems where
sufficient aystem fill pressure iz exerted on the pumnp suction, NESE
iz normally not a factor. Figure 32 shows pump curves and NESE
curves, Cooling towers and other open systems require calculations

of NFRA.
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PUMP EFFICIENCY

Fump efficiency 1z determuned by cormparing the output power fo
the input power;

; o ~ Ouiput _ P :
. Efficiency = Tt il » 1005 (4)
1 i $

Figure X2 shows a typical efficiency versus flow curve.

The pump manufacturer usually plots the efficiencies fora given
volute and impeller size on the pump curve to help the designer
select the proper punmp (Figure 237, The best efficiency point (EEF)
12 the ophimum efficiency for this punmp; operation above and below
thiz point 12 less efficient. The locus of all the BEEPs for each 1m-

peller size liez on a systemcurve thatpasses through the origin (Fig-
ure 247,
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HYDRONIC SYSTEM CURVES

Fressure drop caused by the friction of a fluid flowing in a pipe

R-T

may be described by the Darc:j;.r Wﬁlﬂbach equation: L
. Qh ; Fz X D{
P~f-3 ° A= 127 7 (1)
Ih= —— ,

Equation (1) shows that pressure drc::p 1&33 hydronic system
(pipe, fittings, and equipment) 1z proporfional to the square of the
flow (#2 or ¢ where {0 iz the flow). Experiments show that pres-
aure drop is more nearly proportional to betwesn F 1% and 17, or
a nearly parabolic curve as shown in Figurez 15 and 18, The design
of the system (including the number of terminals and flows, the
fittinga and walwves, and the length of pipe mainz and branches)
affects the shape of this curve,

Equation (1) may also be expressed in specific energy form:

A 2
Ah=Ap = F = pLP0 (2)




WFLEFE
Ak = logs through fmetion, m (of flud flowmg)
A = pressure drop, Pa
o = fhuid density, kg/m®
f = frniction factor, dimensionless
L = pipe length, m
L= maide diameter of pipe, m
F = fhud average velocity, mfs
o = gravitational aceeleration, 9.8 m/is?
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Fig. 5 Pump Curve and Syvstem Curve




" <

| ANTICIPATED
OPERATING POINT

ACTUAL
___________________ OPERATING POINT

[ T B O G e e e e S — e — i —

PRESSURE

P B . e e o m— — — — — — — ——

FLOW RATE

Fig. 6 Shift of Svstem Curve due to Circuit Unbalance




L \ A3 A w ------- AH J-> HL)L:J. g.’.—-é'
/ A2 ..... Jf.”‘:' CJ‘:""-’ Jj!
/ LAY
B HR3 “ & . )( /
H HR?/ . A //“’/
L~

T S
A‘Z——//j‘/’;*‘lm i/ : (E; “/? |

i
a Q; Q Qy

Hlos Al (STB 2 AL e ;§t3'— (r'-v) SR




e

50% DESIGN FLOW 100% DESIGN FLOW
|\1\-_-‘-‘._?EG|'M
NEW PUMP CURVE | POINT 4 *"'ﬂ'ﬂ“—;‘-'ﬂ’ﬂt:u
WITH IMPELLER Rve DOINT
TRIMMED TO INT 1

ACTUAL SYSTEM

CDNDITIUNE‘\

POIMT 2

+*
*
H

AT POINT 3

OVERPRESSURE WITH
CONSTANT-SPEED PUMP
|

CONSTANT-SPEED PUMP

SYSTEM AND PUMP PRESSURE LOSS

(WERPRESSURE WITH TRIMMED

SYSTEM FLOW

Fig.19 Pump Operating Points




"

To reduce the actual flow to the design flow atpoint 1, a balane-
ng valve downstream from the pump can be adjusted while all the
terminal valves are in a wide-open position. This pump discharge
balancing valve impozes a prezsure drop equal to the pressure dif-
ference betwesn point 1 and point 3. The manufacturer’s pump
curve shows that the capacity may be reduced by substituting a new
inpeller with a smaller diameter or by frimming the existing pump
npeller, After trimming, reopening the balancing wvalve in the
pury discharge then eliminates the artificial drop and the punp
operates at point 3. Foints 3 and 4A demonstrate the effect a
frimmed 1mpeller has on reducing flow,

Figure 201z an example of a system curve with both fized pres-
aure losz and varable pressure losz. Such a systemmight be an open
piping circult between a refrigerating plant condenser and its cool-
ing tower The elevation difference between the water level in the
fower pan and the spray distribution pipe creates the fixed pressure
logs, The fized loss occurs at all flow rates and is, therefore, an inde-
pendent pressure as shown.

Mozt vanable-flow hydronic systems have individual two-way
confrol walves on each ferminal unit to permit full diversity
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ARRANGEMENT OF PUMPS

Inalarge aystem, a single pump may not be able to zatizfy the full
design flow and yet provide both economical operation at partial
loads and a system bacluup, The designer may need to consider the
following alternative pumping arrangements and control scenarios:

+ Multiple purmps 1n parallel or series
=tandby pump

Pumpz with two-gpeed motors
Frimary-secondary pumping
Yariable-speed pumping
Digtributed pumping

L4

¥

¥

¥

¥
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Parallel Pumping

When pumps are applied in parallel, each pump operates at the
same pressure and provides itz share of the system flow at that

pressure (Figure 34, Genemlly, pumps of equal size are recom-
mended, and the pamllel pump curve iz established by doubling the
flow of the single pump curve.

Floting a aysterm curve acrozs the parallel pump curve shows the
operating points forboth single and parallel purmp operation (Figure
357, MNote that single pump operation does not yield 50% flow. The
ayatermn curve crosges the single pump curve considerably to the right
of itz operating pointwhen both purnmps are running. This leads to fwo
important concerns: (1) the motor must be zelected to prevent over-
loading during operation of a single punp and (2] a single pump can
provide standby service for up to a0% of the design flow, the actual
amount depending on the specific pump curve and system curve.

Congtruction of the composite curve for two dissimilar parallel
purps requires special care; for example, note the shoulder in the
colrposite punp curve 1n Figure 36,

Operation. The piping of parallel pumps (Figure 37) should
penmit running either pump. A checle valve 1z required in each
purgp’s dizcharge to prevent bacldflow when one punp iz shut
down. Hand walvesz and a strainer allow one pump to be zerviced
while the other iz opemating. A strainer protects a pump by prevent-
ing foreign material from entering the punp. Gages or a common




gage with a trumpet valve, which includes several wvalves as one
unit, or pressure taps penmits checling pump operation,

Flow can be determined (1) by measuring the pressure increase
across the pump and using a factory pump curve to convert the pres-
sure to flow, or (2) by use of a flow-measuring station or mulii-
purpose valve, Parallel pummps are often used for hydronic heating
and cooling. In this application, both pumps operate duning the cool-
ing aeazon to provide maximum flow and pressure, but only one
pump operates during the heating season.
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Series Pumping

When pumpe are applied in series, each pump operates at the
zame flow rate and provides its share of the total pressure at that
flow (Figure 4], A system curve plot showe the operating points for
both single and series purmp operation (Flgure 19, Note that the sin-
gle pump can provide up to 0% flow for standby and at a lower
power requirement.

Az with parallel pumps, piping for series pumps should permit
running either punp (Figure 407, A bypass with a hand valvepermits
zervicing one purmnp while the other iz in operation. Operation and
flow can be checleed the same way as for parallel punmps. A strainer
prevents forelgn matenal from entering the purmps.

MNote that both parallel and senes pump applications require that
the punp operating points be uzed to accurately determine the
actual pumping points. The manufacturer’s pump test curve should
be consulted. Adding too great a safety factor for pressure, using
improper pregsure drop charts, or incorrectly calculating pressure
drops may lead to a poor selection. In designing syatems with mul-
tiple pumps, operation in either parallel or series must be fully
understood and considered by both designer and operator.
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Standby Pump

A baclp or standby pump of equal capacity and pressure
inztalled in parallel to the main punp 1z recommended to operats

during an emergency or to ensure continuous operation when a
purmp 12 taleen out of operation for routine service. A standby punp
inztalled 1n parallel with the main pump 1z shown in Figure 37,

Variable-Speed Pumping

In a variable-gpeed pumping arrangement, constant flow purmp(s)
recirculate the chiller or boller source n a primary source loop, and

a vanable-gpeed distribution pump located at the source plant draws
flow from the source loop and distributes to the load terminals as
shown in Figure 44, The speed of the distnbution pump 12 deter-
mined by a controller measuring differential pressure across the sup-
ply-retum mains or across selected crifical zones. Two-way control
valves are installed in the load terminal return branch towary the flow
required in the load.
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DESIGNING THE INSTALLATION
OF THE END SUCTION PUMP

. WHEN TO USE — SELECT THE END SUCTION PUMP WHEN THE SYSTEM FLOW IS IN THE RANGE

FROM 100 TO 300 GPM,
. COMPUTE TH% FLOW RATE IN GPM — CALCULATE THE FLOW RATE IN GPM BY THE USUAL
METHODS AS OUTLIRED IN THE ASHRAE GUIDE AND DATA BOOK.

. COMPUTE THE TOTAL HEIQE )| EEET ~ CALCULATE THE TOTAL HEAD IN FEET AS SHOWN
8Y THE METHODS ON PAGE 198 F OSED SYSTEM PIPING OR PAGE 212 FOR CONDENSER
YATER PIPING.

. MOTOR HORSEPOWER — MOTOR SIZES SHOULD BE BASED ON A POSSIBLE 20 PERCENT IN-

CREASE IN CALCULATED SYSTEM FLOW. THIS WILL ASSURE A NOR-OVERLOADING SELECTION
AND ALLOW FOR SUCH YARIATIONS AS MIGHT OCCUR. MOTOR SIZES MAY BE DETERMINED
FROM THE MAHUFACTURER'S PERFORMANCE CURVE OR MAY BE COMPUTED BY THE FOLLOW-
MG FORMULA:

BRAKE HP REQUIRED - (SYSTEM GPM + 207%) x svsrfu;;m IN FEET

. MO C R — COORDINATE THIS DATA WITH THE ELECTRICAL DE-
SIGN ENGINEER THE PROJECT.

. MOYOR CONMECTION — THE ELECYRICAL CONNECTION TO THE MOTOR SHOULD BE MADE
WITH WATERPROGF FLEXIBLE METALLIC CONDUIT A MIKIMUM OF 12-IHCHES IN LENGTH.




"
7. PUMP SELECTION - PUMP EFFICIENCY IN ITSELF IS NOT AN ADEGUATE BASIS FOR THE

SELECTIONS, SINCE THE POINT OF MAXIMUM EFFICIENCY WILL YARY DEFENDING
UPON THE PUMP CHARACTERISTICS. A5 A RULE, THE BEST SELECTION PDINT 15 TO YHE
LEFT GF CEMTER OF MAXIMUM EFFICIERCY, THUS PERMITTING THE PUMP TO MOYE OUT DN
THE CURYE WITHOUT DANGER OF OVYERLOADIRG. 1T IS INTERESTING TO NOTE, THAT WHEN
THE PROJECT PIPING 15 SIZED IN ACCORDANCE WITH THE YABLE SHOWN ON PAGE 199 OF
THIS BOOK, MOST 1750 RPM PUMP SELECTIONS, HAVING A SUCTION GPENIHG EQUAL TO THE
PIPE SIZE TO WHICH THEY ARE CONNECTED, FALL ON THIS POINT OF THE CURYVE. THIS
RULE GENERALLY VARIES WITH THE PUMP SPEED. AT 3450 RPM, THE PUMP SUCTION iS5 ONE
PIPE SIZE SMALLER, WHILE AT 1150 RPM, IT WILL BE ONE PIPE SIZE LARGER.

gug_ucg;g ~ THE PUMP SHOULD BE BOLTED ON A CONCRETE BASE AS SHOWN 8Y THE DE-
TAIL, CARE SHOULD BE TAKEN IN THE DESIGN TO ALLOW SUFFICIENT SPACE ALL AROUKD
THE PUMP FOR DISASSEMBLY AND SERVICE.

PIPING — THE PIPING SHOULD BE DESIGNED 5D THAT NO PIPE WEIGHT RESTS ON THE PUMP
CASING. PIPING SHOULD NOT BE SUPPORTED FROM STRUCTURAL STEEL MEMBERS, BECAUSE
THESE STEEL MEMBERS WILL PICK UP ANY VIBRATION NOISE AND TRANSMIT THE NOISE TO
OTHER PARTS OF THE BUILDING. WHERE IT IS IMPOSSIBLE TO AVOID THE USE OF STRUCTURAL

STEEL MEMBERS AS PIPE SUPPORTS, CONSIDERATION SHOULD BE GIVEN TO THE USE OF VI-
BRATION ELIMINATOR PIPE HANGER SUPPORTS.

FLEX{BLE JOINTS — FLEXIBLE SECTIONS OF PIPE AT PUMP SUCTION AND DISCHARGE ARE
GENERALLY NOT REQUIRED IN A WELL DESIGNED PUMP INSTALLATION. WHERE EXTREME

QUIET IS DESIRED, FLEXIBLE SECTIONS MAY BE USED; HOWEVER, EXTREME CAUTION

SHOULD BE TAKEN TO ASSURE THAT THE FLEXIBLE PIPE SECTIONS HAVE ADEQUATE
TEMPERATURE AND PRESSURE RATINGS.




1.

12

13.

4.

STRAINERS -

A. STRAINERS ARE NOT GENERALLY REQUIRED ON CLOSED SYSTEM PIPING, BUT IF USED,
CARE SHOULD BE TAKEN TO SPECIFY PERFORATIONS IN THE BASKET FOR HOT WATER
AND HOT STEAM. IT IS GOOD PRACTICE TO REMOYE THE BASKET AFTER CONSTRUCTION
EEgIIEEI'}IL‘I:ISTHEEH REMOVED FROM THE SYSTEM AND THE SYSTEM HAS BEEN THOROUCGHLY

A .

B. CONDENSER WATER PIPING — STRAINERS SHOULD BE PROVIDED FOR THE CONDENSER
WATER PUMP, ESPECIALLY WHEN THE PUMF IS CONNECTED TO THE OPEN SUMP OF A
COOLING TOWER. SCREEN PERFORATIONS SHOULD BE SIZED FOR CONDENSER WATER.

‘,_JJHETIUII PIPING — THE SUCTION PIPE SHOULD BE STRAIGHT FOR FIVE PIPE DIAMETERS AT
THE POINT WHERE IT ENTERS THE SUCTION CONNECTION OF THE PUMP; WHERE THIS IS NOT
POSSIBLE, USE A SPECIAL STRAIGHTENING ELBOW,

CHECK ?AL?EF ~ A CHECK VALYE OF THE NON-SLAM YERTICAL TYPE SHOULD ALWAYS BE
USED FOR DENSER WATER PUMPS ARD PUMPS OPERATING IN PARALLEL. SINGLE PUMPS
ON CLOSED SYSTEM PIPING CIRCUITS DO NOT REQUIRE A CHECK VALVE.

GAGES — A COMPOUND GAGE SHOULD BE PROVIDED ON THE SUCTION SIDE OF THE PUMP
AND A PRESSURE GAGE SHOULD BE PROVIDED ON THE DISCHARGE SIDE OF THE PUMP TO
CHECK THE PRESSURE CHARACTERISTICS OF THE SYSTEM. SHUT-OFF COCKS SHOULD BE
FROVIDED TO SHUT THE PRESSURE OFF OF THE GAGES WHEN NOT IN USE.

15. HECH:&!Q#L SEALS - MECHANICAL SEALS SHOULD BE USED ON ALL CLOSEDSYSTEM PIPING
AND GENERALLY

R CONDENSER WATER SYSTEM. THE CHEMICALS USED IN A CONDENSER
WATER SYSTEM MAY AT TIMES CAUSE CONSIDERATION OF A STUFFING BOX SEAL FOR THE

_ CONDENSER WATER PUMP.
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BASE MOUNTED PUMP_ FOUNDATION AND SETTING DETAH_.}}__

L-FOUNDATION
THE FBI.INIIAT!OH BOLTS (ONE FOR EI¢H HOLD- BOWN BOLT MOLE IN THE IEDFL‘TCI SHOULD BE
@\ AT THE LOWER END PLACE

SECURED IN THE rol.mmnon A5 EHOWN N Fi

4 LARGE sounu ASHER WITH u.ms 'rn PREVEMT THE BOLT FROM -ruumn Amn EALH
FOUNDATION _BOLT PLM» »'a PIPE g*.!; THREE TIMES THE DIAMETER CIF I'HE WU BEFORE
:ucu::nnaF 'r'n“ii.E Fgguaﬂ;ﬂ LLGW THIS PIPE TO EXTEMD ABOVE SUR

THE FOUNDATION ¥4

BE SET, WHEN BUILDING THE FORMS m’hp%'ﬁ(m

THE FOUNDATION, HAMG THE BOLTS m ‘mtm CORRECT POSITIONS BY MEANS OF A TEMPLATE

S BHOWK IN FI6.2. SCREW THE RNUT DOWN B0 THAT THE BOLT PROJECTS ABOVE THE NUT
MORE THAN THE BEDPLATE 'rmcuzss ALLOWED FOR GROUT. PLACE THE normn oF THE

TEMPLATE AT THE LEVEL OF TH GMDATION SURFACE, HANG THE BOLT S0 T

DISTANGE urw:eu rnz uF ruE HUT AND BOTTOM OF TEMPLATE 15 h‘auu TCI-THE

iN ORDER TO ALLOW FOR GROUT,

HﬂKE THE Top FACE
THE LEVEL AT WHICH THE BEDPLATE .

HEIGHT OF THE THE 'Eﬂ?lﬁf‘ WHEN POURING THE FOUNDATION LEAVE THE TOP
-\hso ONC. BASE 5 T ;mu__f' SURFACE = ROUGH 'l'o A Fnﬁﬁ A GODD MOLD FOR  GROUT. 00 NOT PUT THE BEDPLATE OR
i BIMENSIONS  GWEM N Tmo ASSEMHLED UNIT ON THE FOUNDATION ul“ll. THE LATTER HAS FIRMILY SET AND HARDEKED,
S
AR AL SIDE ELEVATION ™ SHOP DRAWINGS FOR PuMA FH‘GNT ELEVATION SPUTTH T OUNDATION
L IMINT BEFORE PUTTING THE UKIT OR BEDPLATE ON THE FOUNDATION, CLEAN THE TOP SURFACE OF T
e as BASE aﬂﬁgg:g:tfg-l'::ﬁ'm‘:““ “f-” 5“”“} FOUNDATION, BREAKING OFF ANY LOOSE PIECES OF CONC \' JFOUGHEN THE FOUNDATION
TO CARRY B g aCiENT untenml_}“ BNED OF TOP WITH A STAR GHISEL THORGUGHLY CLEAN # HOR WET THE TOP
::t;ltsnr or NEGRRENE, Emes m“mmgg_ﬂ 30 THAT 1T wiLL NOT nshnn MOISTURE FRGM® THE GROUTING 3'0’ UICKLY.
RIBBED CONSTRUCTION, INSTALLED STUFF WASTE ARD THE FOUNDATION BOLT HOLES TO. PREVENT T FLOWING INTO THE
UHDER COMPLETE BASE OF PUMP PUMP ALIGNMENT Houé o PREPARE P NDUGH 1ROk WEBAES Coh METAL TEHNS Th ALIDY GuEWHS pyTo TME o
OM EACH SIDE OF EACH rouuu.nrmu am.T TMESE WEDGES smm BE APPROXIMATELY
gﬂgz““ﬁ;ﬂ: SHALL CHECK, TEST, 8 START EACH 4" TO 8" LONG, Z° To 3" WIDE THICK ENOUGH TO ALLOW 3/4" TG I¥2" OF GROUT BETWEEN
BAsE MOUNTED P""G" ﬂrSH*LL MAVE THE PUMP Tt Bofiom” oF THE BEDBLATE B Tob OF FOUMDATION, ALIGN THE BEDPLATE TO &4 DEAD
MANGTRCIVEER,  fLioh [HE SUME Wan & SAL (v Fosiion wih riE- wEDses.
READINGS SHALL BE RECORGES 8 Fowanbem CLEAN THE BOTTOM OF THE BEDPLATE 8& GROUT. AFTER THE GROUT MAS TAKEN ENOUGH SET
FOR RECORD PURFOSES. agr U“LL amu;:n'.'“" REH’-‘WE THE WEDGES & FiLL TME WEDGE vOiDS wWiTH GROUT B SMOOTH
DETAILS OF THE INSTALLATION OF THE END SUCTION PUMP
MO SCALE
PUMP SCHEDULE LUBRICATION NOTES
1-AFTER COMPLETION OF THE SYSTEM AND BEFORE START-UP OF THE PUMP, THE FuMP
PUMP NO.| SERVICE | % PM |HEAD PRESS | RPM] HP [vOLTS | PHASE | CYCLE REMARKS SHALL BE LUBRICATED IN STRICT ACCORDANCE WITH THE MANUFACTURER'S INSTRUCTIONS

2=A METAL INSTRUGTION PLATE SHMALL BE ATTACHED TO THE PUMP IN I.Ocﬁ'l'l N WHER
IT IS5 CLEARLY WISIBLE. THESE (MSTRUCTIONS SHALL INDICATE THE RECOMM % LRI ANT,
THE POINTS OF LUBRICATION, AND THE RECOMMENDED FREQUENCY OF I.I.lBlllc-lTIOIl
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5.

-

DESIGNING THE INSTALLATION OF THE
DOUBLE SUCTION HORIZONTALLY SPLIT CASE PUMP

WHEN TQ USE - SELECT THE DOUBLE SUCTION HORIZONTALLY SPLIT CASE P“HF WHEN THE
SYSTEM FLOW IS 900 GPM AND OVER,

COMPUTE THE F) OW RATE (N GPM — CALCULATE THE FLOW RATE IN GPM BY THE USUAL
METHODS AS GUTLINED IN THE ASHRAE GUIDE AND DATA BOOK.

COMPUTE THE TOTAL HEAD IN FEET - CALCULATE THE TOTAL HEAD IN FEET AS SHOWN BY
THE M ON PAGE 198 FOR CLOSED SYSTEM PIPING OR PAGE 212 FOR CONDENSER WATER

 PIPING.
' MOTOR HORSEPOWER — MOTORSIZES SHOULD BE BASED ON A POSSIBLE 20 PERCENT INCREASE
ILET'L\: A __L"-\f% |

CULATED SYSTEM FLOW. THIS WILL ASSURE A NON-OVERLOADING SELECTION AND /L.
LOW FOR SUCH VARIATIONS AS MIGHT OCCUR. MOTOR SIZES MAY BE DE TERMINED FROM THE
MANUFACTURER'S PERFORMANCE CURYE OR MAY BE COMPUTED BY THE FOLLOWING FORMULA:

(SYSTEM GPM + 20% x SYSTEM NEAD IN FEET
BRAKE HORSEPOWER REQUIRED - TP EFFICTENCY e

5. MOTOR CURRENT CHARACTERISTICS ~ COORDINATE THIS DATA WITH THE ELECTRICAL DESIGN
ENGINEER FOR THE PROJECT.

MOTOR CONNECTION - THE EL ECTRICAL CONNECTION 70 THE MOTOR SHOULD BE MADE WITH
WATERPROOF FLEXIBLE METALLIC CONDUIT A MINIMUM OF 12-INCHES IN LENGTH.




1.

B _EEE R I LSRR T TP

PUMP SELECTION - PUMP EFFICIENCY IN ITSELF IS NOT AN ADEQUATE BASIS FOR THE BESY
UMP SELECTIONS SINCE THE POINT OF MAXIMUM EFFICIENCY WILL VARY DEPENDING UPON
THE PUMP CHARACTERISTICS, AS A RULE, THE BEST SELECTION PQINT {5 TO THE LEFT OF
CENTER OF MAXIMUM EFFICIENCY, THUS PERMITTING THE PUMP TO MOVE QUT ON THE CURVE
YITHOUT DANGER OF OVERLOADING. |7 IS INTERESTING TO NOTE, THAT WHER THE PROJECT
PIPIRG IS SIZED IN ACCORDANCE WITH THE TABLE SHOWN ON PAGE 199 OF THIS BOOK MOST
1750 RPM PUMP SELECTIONS, HAVING A SUCTION OPENING EQUAL TO THE PIPE SIZE TO WHICH
;:i'FEHTTj!‘-IREEIﬁﬂ'FNEIEEgI?* I;‘il?h %HHTFT:S Fl"IDI“I’T OF THE CURVE. THIS RULE GENERALLY YARIES
. 5 . THE PUMP SUCTEON IS ONE PIPE SiZE SMALL , WHILE
AT 1150 RPM, IT WILL BE ONE PIPE SIZE LARGER. ; SIZE SHALLER, whiL

EUME BASE - THE PUMP SHOULD BE BOLTED ON A CONCRETE BASE AS SHOWN BY THE DETAIL.

CARE SHOULD BE TAKEN IN THE DESIGN TO ALLOW Sy¢ '
PUMP FOR DISASSEMBLY AND SERVICE. SUFFICIENT ;I’lCE ALL AROUND THE

PIPING ~ THE PIPING SHOULD BE DESIGNED 50 THAT NO PiPE WEIGHT RESTS ON THE PUMP
CASING. PIPING SHOULD ROT BE SUPPORTED FROM STRUCTURAL STEEL MEWBERS, BECAUSE

THESE STEEL MEMBERS WILL PICK UP ANY VIBRATION NOISE AND TRANSMIT THE NOJSE TO
OTHER PARTS OF THE BUILDING. WHERE IT 3§ IMPOSSIBLE TO AYOID THE USE OF STRUCTURAL
STEEL MEMBERS AS PIPE SUPPORTS, CONSIDERATION SHOULD BE GIVEN TO THE USE OF VIBRA-

TION ELIMINATOR PIPE MANGER SUPPORTS.

FLEXIBLE JOINTS — FLEXIBLE SECTIONS OF PIPE AT PUMP SUCTION AND DISCHARGE ARE
GENERALLY NOT REQUIRED IN A WELL DESIGNED PUMP INSTALLATION. WHERE EXTREME
QUIET IS DESIRED, FLEXIBLE SECTIONS MAY BE USED; HOWEYER, EXTREME CAUTION SHOULD
BE TAKEN TO ASSURE THAT THE FLEXIBLE PIPE SECTIONS HAVE ADEQUATE TEMPERATURE
AND PRESSURE RATINGS FOR THE SERVICE.




12.

13,

4.

15,

STRAINERS -

A. STRAINERS ARE NOT GENERALLY REQUIRED ON CLOSED SYSTEM PIPING, BUT IF USED,
CARE SHOULD BE TAKEN TO SPECIFY PERFORATIONS IN THE BASKET FOR HOT WATER
AND ROT STEAM. IT IS GOOD PRACTICE TO REMOVE THE BASKET AFTER CONSTRUCTION

DEBRIS HAS BEEN REMOVED FROM THE SYSTEM AND THE SYSTEM HAS BEEN THOROUGHE Y
WASHED OUT, |

8. CONDENSER WATER PIPING - STRAINERS SHOULD BE PROVIDED FOR THE CONDENSER
WATER PUMP, ESPECIALLY WHEN THE PUMP IS CONNECTED TO THE OPEN SUMP OF A
CQBI.IHG TOWER. SCREEN PERFORATION SHOULD BE SIZED FOR CONDENSER WATER.

ING - THE SUCTION PIPE SHOULD BE STRAIGHT FOR FIVE PIPE DIAMETERS AT THE

SUCTION PIPING
- POIRT YRERE [T ENVERS THE SUCTION CONNECTION OF THE PUMP; WHERE THIS IS NOT POSSIBLE,

USE A SPECIAL STRAIGHTENING ELBOW,

CHECK VALYES - A CHECK YALYE OF THE NON-SLAM VERTICAL TYPE SHOULD ALWAYS BE
USED FOR CONDENSER WATER PUNPS AND PUMPS DPERATING IN PARALLEL. SINGLE PUMPS
ON CLOSED SYSTEM PIPING CIRCUITS DO NOT REQUIRE A CHECK YALYE.

S — A COMPOUND GAGE SHOULD BE PROVIDED ON THE SUCTION SIDE OF THE PUMP ARD A
PRESSURE GAGE SHOULD BE PROVIDED OK THE DISCRARGE SIDE OF THE PUMP TO CHECK THE
PRESSURE CHARACTERISTICS OF YHE SYSTEM. SHUT OFF COCKS SHOULD BE PROVIDED TO
SHUT THE PRESSURE OFF OF THE GAGES WHER NOT IN USE.

MECHANICAL SEALS — MECHANICAL SEALS SHOULD BE USED ON ALL CLOSED SYSTEM PIPING
AND GENERALLY FOR CONDENSER WATER SYSTEM. THE CHEMICALS USED IN CONDENSER
WATER SYSTEM MAY AT TIMES CAUSE CONSIDERATION OF A STUFFING BOX SEAL FOR THE
CONDENSER WATER PUMP. |
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TILTING DISC CHECK VALVE BASE MOUNTED PUMP FOUNDATION AND SETTING DETAILS

RED 0 e COUPLING GUARD =T 1 . . DATION

4 rm?‘r'r":ﬁe%“ OUFLING ,~MOTOR nwgmscumﬂ “Eu:ggnmr;ng lh‘l‘ilu:ﬁr‘ﬂ g:g#nn%u'nuuu non.‘l pttol.r. m Tlll‘-: !:wur:l' m?u%n HE
EHOWN. ' : PUMP SUCTION SQUARE WASHMER WITH LUGS TO PR BOLT  FROM TURNING. ARGUND. EAcH
s ADATION. SOLT FLACE & ‘Bipe WSEEEVE THREE TIMES. THE DIAWETER OF mie BOLT, BEFORE

URING THE HDATION., DO LLdw THIS mIPE TO EMTEND ABOVE THE ROUGH SUR-

et Ul-g DOwWN WELDED FACE OF THE FOUNDATION.

SUCTION—— aLrs ELBOW T e Car iy O SOUT, MAKE THe TOP SURFACE or THE rounDaTION ¥ 1011 BELOW
THE LEVEL AT WHICH THE BEDPLATE 13 TO BE SET. WHEN BUILDING THE POURING
FIPE LES THE FOUNDATION, HANG THE BOLTS IN THEIR CORRECT POSITIONS BY WMEANS OF 4 TEMPLATE

iy ow“lo S SHOWMN 14 £15.2., SCREW THE WUT DOWN SO THAT THE BOLT Rwlcrs naovc THE NUT

: RE THAN THE BEDPLAT ICKHESS ALLOWED FOR GRO TOM OF THE

: SUPFORT TENBLATE AT OF THe CROE, FoDNBaTION sunn'ﬁ FANG THE BOLT 30 THAT

L.LINE : LATEE VELGHT OF pipe DISTANCE BETWEEN THE ™ BOTTOM OF THE  NuT OTTOM OF TEMPLATE 15 EQUAL To THE

HEIGHT OF THE LU8 ON THE BEDPFLATE, #ntu rouamu THE FOUNDATION LEAVE THE TOP
%"klﬂ‘ CONC. g CONST SURFACE ROUGH TO AFFORD A GOOD HOLD FOR GRGUT. DO NOT PUT THE BEDFLATE OR
m Wﬁl oN n‘rﬁiﬁun ASSEMBLED UNIT ON THE muumnou UNTIL THE LATTER HAS FIRMILY SET AND HARDENED,

P Dnlumlis FOR PUME FRONT LE‘HUM P 4 uUMIT bATI

BEFORE PI.II'I'IHG THE UNIT OA BEDPLATE ON THE FOUNDATION, CLEAN THE TOP SURFACE OF THE

VIBRATION ELIMINATOR PAD SHA SFHALL- Fi
UNDATION REAXING OFF ANY LOOSE PIECES OF ooucui'z. ROUGHEN THE FOUNDATION
fhﬁgﬂ'ﬁ;iﬁtg\;.gfﬂggg *'-‘D"F PrwiTh A BTAH GIBEL, B THORGUGHLE r‘i&o H&aﬁl%& WET THE TOP
N SPRENS, ,%E Ross. " SO TMAT 1T WILL" NOT' ABSORD WO STORE Fiow THE eROUTING
RIBBED c*no«' o A TUEE wASTE AR THE FGUNDATION BOLT HOLES TO PREVENT T FLOWING
uunr.su conm.:'#z BASE OF PUMP ALIGNMENT ﬁ . ﬁrrr:l:o'i Euan la::u WES-GE OR ME lu. “mie}%smﬁﬁn‘ .ﬂ'f' 'E::rl.;t:u
l.Cl'l SI1DE CH UNDATION BOLT. THESE WEDS UL E APPFROX LY
SANTRACTOR SHALL CHEGK, TEST, 8 SBART EACH & TO6" LONG, 2°TD 3" WIDE B THICK ENOUGH TO ALLOW 3/4° TO I¥2® OF GROUT urut:u
MANUFACTURER ';'.'.ffu'w—ﬁg"i'in'ﬂ'ﬁfﬁ"f il THE_ BOTTON oF THE rﬁE%'iﬁ"eE & TOP OF FOUNDATION. ALIGN THWE BEDRLATE T0 4
INDICATOR WITHIN 002 AMP DISCHARGE & SUCTION A oMl DPLAT BROU TER THE GROUT HAS TAKEN ENoyGH o557
READINGS SHALL BE RECORDED & FOWARDED 5= S0 rronr e umr‘i‘ REMOTE T wenses oo riLe e weh  “UoiDs Wi GRGUT o
FOR REGORD PURPOSES OFF ALL AROUND,
DETAILS OF THE INSTALLATION OF THE DOUBLE SUCTION HORIZONTALLY SPLIT CASE PUMP
e §EALE
PUMP S CHEDULE LUBRI NOT .
1-AFTER COMPLETION OF THE SYSTEW AND AEFORE STAAT-UP PUMP, THE Pump
FuMP NO.|  SERVICE | arm | HEaD PRess | R HPE §VOLTS | FHASE | CYCLE REMARNKS SHALL BE LUBRICATED N STAICT ACCORDANCE WITH THE nlum:mnh INSTRUCTIONS

2-A METAL INSTRUCTION PLM‘! SHALL BE ATTACHED TO THE
g pSHEARLY WiSiaLE. tHESE | NSTRUCTIONS. mmmg "Rt W CUBmEANT,

POINTS OF LUBRICATIO| oOF Lud
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ENERGY CONSERVATION IN PUMPING

Fumps for heating and air condifloning consume appreclable
amounts of energy, BEconomical use of energy depends on the effi-
clency of pumping equipment and drivers, as well az the uze of the
pumping energy required. Equipment efficiency (sometimes called
the wire to water efficiency) shows how much energy applied to the
pumping systern results in useful energy distributing the water, For
ah electric-dnven, constant speed pump, the equipment efficiency iz

Ne = Wi ()

WHEFE
T = squipment efficiency, Utol
M, = pump sfficiency, Uto 1
Tl = moctor efficiency, 0o 1
Fora variable-speed pump, the varlable-spesd drive efficiency v,
(0 to 1) must be included in the equipment efficiency equation:

e = Nty (4)




SELECTION OF PUMPS

A zubstanfial amount of data 18 required fo ensure that an ade-
quate, efficient, and reliable pump iz selected for a particular svs-
termn. The designer should review the following criteria:

Centrifugal Pumps

CIRCULATORY
FLOW

|

TURBULENCE

Ly

SATISFACTORY %

SELECTION RANGE
FRICTIOM

PREFERREED
SELECTION
RANGE

AN\

/ | SATISFACTORY
e SELECTION RANGE

A PREFERRED—
SELECTION RANGE

DESIGH FLOW

BES
v 85%
100%
105%

& } PERCENT OF
o

FLOW

Fig. 33 Pump Selection Regions




+ Design flow

+ Prezsure drop required for the most resiztant loop
+ Minimum system flow

+ pyetern pressure at maximum and minimum flows
+ Type of control valve: two-way or three-way

+ Continuous or varlable flow

+ Purmp environment

+ Number of punps and standby

+ Hlectric voltage and current

+ Hlectric service and starting limitations

+ Motor quality versus service life

+ Water freatment, water condifions, and matenal selection




When a centrifugal pump 18 applied to a piping system, the
operafing polnt safisfies both the purmp and system curves (Figure
1'7). As the load changes, confrol valves change the systern curve
and the operafing point moves to a new point on the pump curve.
Figure 33 shows the optimum reglons to uze when selecing a cen-
trifugal pump. The areas bounded by lines AE and AC represent
operafing points that lie in the preferred punmp selection rangs. Buf,
becanse pumps are only manufactired 1in certain sizes, selection
lirmits of 66% to 115% of flow atthe BEEF are suggested. The zahis-
factory range 12 that portion of a pump’s performance curve where
the combined effect of circulatory flow, turbulence, and friction
lozzes are minimized. Where possible, purmps should be chozen to
operate to the left of the EEF because the pressure in the actual svs-
tem may be less than design due to overstated data for pipe friction
and for other equipment. Otherwize, the pump operates at a higher
flow and possibly in the furbulent reglon (stethern 1988).
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Tablel Pump Affinity Laws

Function Speed Change Impeller Dnameter Change
Flow Ll — £ (}E] Ly — £ (ﬁ]
Nl "Dl
AN DY
Pressure Pa— B (f‘TLJ Fa— B (J'__J_LJ
Power 22 —Pl(%ﬁ P8 (%ﬁ
1. 1.
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INSTALLATION, OPERATION, AND
COMMISSIONING

1. Punps may be base-plate-mounted (Figure 49, either singly or
in paclcaged sets, or installed in-line directly in the piping
syatern (Figure 50). Paclraged zets include multiple pumps,
accessories, and elecirical controls shipped to the job site on
one frame. Paclmged purmp setz may reduce the requirements
for multiple piping and field electrical connections and can be
factory tested to ensure gpecified performance.

2. A concrete pad provides a secure mounting surface for anchor-
ing the pump base plate and raizes the pump off the floor to per-
mit houzeleeeping. The minimum mass of concrete that should
be used 1z 2.5 fimes the mass of the punp assembly. The pad
should be at least 100 mm thicle and 150 mm wider than the
purmp base plate on sach side,

3. In applications where the pump bolts rigidly to the pad base,
lewel the pad base, anchor it, and fill the space bebween pump
baze and the concrete with a non-shrinle grout. Grout prevents
the base from shiffing and fillz in irregularities. Pumps mounted
on vibrafion izolation bases require gpecial installation (zee the

sectlon on Vibration [zolation and Control in Chapter 45 of the
2011 ASHRAE Handbook—HVAC Applications).




4,

3.

support in-line pumps independently from the piping so that
purp flanges are not overstrezaed.

Once the punp has been mounted to the base, checls the align-
ment of the motor to the purmp. Align the pump shaft couplings
properly and shim the motor baze as required. Incorrect align-
ment may cause rapld coupling and bearing failure,

Pump suction piping should be direct and as smooth as possi-
ble. Install a strainer (coarse mesh) in the suction to remove
forelgn particles that can damage the pump. TUse a sfraight
zection of piping at least 5 to 10 diameters long at the pump
inlet and long radiug elbows to ensure uniform flow distribu-
flon, suction diffuzers may be installed in lieu of the straight
pipe requirement where spacing i1z a constraint Bocentric
reducers at the pump flange reduce the potential of air poclets
forming in the suction line.

If a flow-measunng station (venturl, orifice plate, or balancing
valve) 1z located in the pump discharge, allow 10 diameters of
straight pipe between the pump discharge and the flow station
for measurement accuracy.

Fipe flanges should match the size of purmp flanges. Mate flat-
face punp flanges with flat-face piping flanges and full-face
gaslcets, Install tapered reducers and increasers on suction and
discharge lines to match the pipe size and pump flanges.




3.

10,

11.

12,

- .

It fine mesh screen 1z used in the strainer at inifial start-up to
remove residual debris, replace 1t with normal-sized screen
after commissioning to protect the pump and minimize the suc-
flon pressure drop.

Ingtall shutoff wvalves in the suction and discharge piping near
the pump to permit removing and servicing the pump and
strainer without draining the system. Install a checlo valve 1n the
punp discharge to prevent reverse flow in a nonmnning pump
when multiple pumps are installed.

Install wibration i1solators in the pump suction and discharge
lines to reduce the transmission of wibration nolze to building
spaces [Figure 49, Properly located pipe hangers and supports
can reduce the fransmizsion of piping straing to the pump.
Yarious accessones need to be studied as alternates to conven-
fional fittings. A suction diffuser in the pump inlet 13 an alter-
nate to an eceentric reducer and it contains a strainer. Separate
strainers can be specified with screen size. A multipurpose
valve 1n the purmp discharge 12 an alternate way to combine the
functions of shutoft, checls, and balancing -malves,
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Solid particle protection

The first digit indicates the level of protection that the enclosure provides against access to
hazardous parts (e.g., electrical conductors, moving parts) and the ingress of solid foreign
objects.

Level
0

1

Object size
protected against

=50 mm

=125 mm
=25 mm

=1 mm
Dust protected

Dust tight

Effective against

No protection against contact and ingress of objects

Any large surface of the body. such as the back of a hand, but no
protection against deliberate contact with a bodv part

Fingers or similar objects
Tools, thick wires, etc.
Most wires, screws, etc.

Ingress of dust 1s not entirely prevented, but 1t must not enter in
sufficient quantity to interfere with the satisfactory operation of the
equipment; complete protection against contact (dust proof)

No ingress of dust; complete protection against contact (dust tight)
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Liquid ingress protection

The second digit indicates the level of protection that the enclosure provides against harmful
ingress of water [l

Level

0

Protected
against

Testing for

Not protected —

Dripping
water

Dripping
water when
tilted up to
15°

Spraying
water

splashing of

water

Dripping water (vertically falling
drops) shall have no harmful effect.

Vertically dripping water shall have
no harmful effect when the
enclosure 1s tilted at an angle up to
15® from 1ts normal position.

Water falling as a spray at any angle
up to 60° from the vertical shall have

no harmful effect.

Water splashing against the
enclosure from any direction shall
have no harmful effect.

Details

Test duration: 10 nunutes

Water equivalent to 1 mm rainfall
per minute

Test duration: 10 nunutes

Water equivalent to 3 mm rainfall
per minute

Test duration: 5 minutes

Water volume: 0.7 litres per
minute

Pressure: 80—-100 kPa

Test duration: > minutes

Water volume: 10 litres per minute
Pressure: 80-100 kPa




6K

Water jets

Powerful
water jets

Powerful
water jets with
increased
pressure

Immersion up
tolm

Water projected by a nozzle

(6.3 mm) against enclosure from anv
direction shall have no harmful
effects.

Water projected in powerful jets
(12.5 mm nozzle) against the

enclosure from any direction shall
have no harmful effects.

Water projected in powerful jets
(6.3 mm nozzle) against the
enclosure from any direction, under
elevated pressure, shall have no
harmful effects.

Ingress of water in harmful quantity
shall not be possible when the
enclosure is immersed in water
under defined conditions of pressure
and time (up to 1 m of submersion).

Test duration: at least 3 minutes

Water volume: 12.5 litres per
minute
Pressure: 30 kPa at distance of 3 m

Test duration: at least 3 minutes

Water volume: 100 litres per
minute

Pressure: 100 kPa at distance of
3m

Test duration: at least 3 minutes

Water volume: 75 lifres per minute
Pressure: 1000 kPa at distance of
im

Test duration: 30 minutes

The lowest point of enclosures
with a height less than 850 mum 13
located 1000 mm below the
surface of the water, the highest
point of enclosures with a height
equal to or greater than 830 mm 15
located 150 mm below the surface
of the water




" M

The equipment iz suitable for
continuous immersion in water

Test duration: continuous

water jets

downs.

under conditions which shall be ersion in water
8 Immersion specified by the manufacturer.
bevond 1m  However, with certain types of .
equipment, it can mean that water Depth SI IFEE“[EEEMEHF manufacturer,
can enter but only in such a manner = yupto-sm
that it produces no harmful effects.
Powerful high Protected against close-range high
9k [temperature |pressure, high temperature spray —




'_
Additional letters

The standard defines additional letters that can be appended to classify only the level of
protection against access to hazardous parts by persons:

Level Protected against access to hazardous parts with
A | Back of hand

Finger

Tool

Wire

=N i -

Further letters can be appended to provide additional information related to the protection of the
device:

Letter Meaning
f 01l resistant

H | High voltage device
M Device moving during water test

5  |Device standing still during water test
W [Weather conditions




Mechanical impact resistance

An additional number has sometimes been used to specify the resistance of equipment to
mechanical impact. This mechanical impact is identified by the energy needed to qualify a

specified resistance level, which is measured in joules (J). This has now been superseded by the
separate 'TK code' specified in EN 62262.

Although dropped from the 3rd edition of IEC 60529 onwards, and not present in the EN
version, older enclosure specifications will sometimes be seen with an optional third IP digit

denoting impact resistance. Newer products are likely to be given an IK rating instead. However
there 15 not an exact correspondence of values between the old and new standards.

Dropped IP level Impact energy Equivalent drop mass and height

0

tn| e k| =

Ol =l

0.22517
0.37517
0.517
2]

6]
2017

150 g dropped from 15 cm
250 g dropped from 15 cm
250 g dropped from 20 cm
500 g dropped from 40 cm
1.5 kg dropped from 40 cm
5.0 kg dropped from 40 cm




IK |Impact energy
number (joules)

Equivalent impact

00 Unprotected  No test

01 0.15 Drop of 200 g object from 7.5 cm height
02 0.2 Drop of 200 g object from 10 cm height
03 0.35 Drop of 200 g object from 17.5 cm height
04 0.5 Drop of 200 g object from 25 cm height
05 0.7 Drop of 200 g object from 35 cm height
06 1 Drop of 500 g object from 20 cm height
07 2 Drop of 500 g object from 40 cm height
08 5 Drop of 1.7 kg object from 29.5 cm height
09 10 Drop of 5 kg object from 20 cm height

10 20 Drop of 5 kg object from 40 cm height
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IPXX Codings

The letter X 13 used inh any place in the code where specifying a digit 1s meant to be avoided (or
indicates irrelevance based on the common application). Among other commeon IP ratings using
the letter X are [PX4. [P2X is frequently used on electrical items to specify that the item must
prevent finger access to live terminals, for example, in electrical sockets.

IP
Code

IPX0
IPX1

IPX2

IPX3
IPX4

IPX5

IPX6

IPX7
IPX8

Meaning & Test Standard

No special protection

Protected against falling water Equivalent to 3-5mm rainfall per minute for a duration of
10 minutes. Unit i3 placed in its normal operating position.

Protected against falling water when tilted up to 15 degrees - Same as IPX1 but unit 1s
tested in 4 fixed positions - tilted 15 degrees in each direction from normal operating
position.

Protected against spraving water - Water spraving up to 60 degrees from vertical at 10
liters/min at a pressure of 80-100 kN/m2 for 5 min.

Protected against splashing water - Same as I[PX3 but water 1s spraved at all angles.
Protected against water jets - Water projected at all angles through a 6.3 mm nozzle at a

flow rate of 12.5 liters/min at a pressure of 30 KN/m2 for 3 minutes from a distance of 3
meters.

Protected against heavy seas - Water projected at all angles through a 12.5 mm nozzle at
a flow rate of 100 liters/min at a pressure of 100 kN/m?2 for 3 minutes from a distance of
3 meters.

Protected against water immersion - Immersion for 30 minutes at a depth of 1 meter.

Protected against water submersion - The equipment is suitable for continual submersion
in water under conditions which are identified by the manufacturer.




"
IP69K

German standard DIN 40050-9 extends the IEC 60329 rating svstem described above with an
IP69K rating for high-pressure, high-temperature wash-down applications [ Such enclosures
must not only be dust-tight (IPGX), but it must also be able to withstand high-pressure and steam
cleaning.

The test specifies a spray nozzle that 1z fed with 80 *C water at 810 MPa (80-100 bar) and a
flow rate of 14-16 L/min. The nozzle iz held 10-15 cm from the tested device at angles of (7,

30°, 607 and 90° for 30 seconds each. The test device sits on a turntable that rotates once every
12 seconds (3 rpm).

The IPGOK test specification was initially developed for road vehicles, especially those that need
regular intensive cleaning (dump trucks, cement mixers, etc.), but it also finds vse in other areas
(for example, the food industry and car wash centers).
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NEMA rating

The National Electrical Manufacturers Association defines enclosure types in NEMA standard

number 230, Ratings are not directly equivalent between the two standards, but the following
table outlines the NEMA ratings that would correspond to the performance required by an IP
code. NEMA ratings also require additional product features and tests ( such as functionality
under icing conditions, enclosures for hazardous areas, knock-outs for cable connections and

others) not addressed by IP ratings.
IP Code Min. NEMA Enclosure rating to satisfy IP
Code

IP20 1

IP54 3

IP55 12

IP65 1

IP66 AX

IP67 6

IP69 6P
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NOTES ON COMPLETING THE MOTOR AND MOTOR STARTER SCHEDULE

CONDENSER WATER PUNP:

- CHILLED WATER PUMP:

. HOT WATER PUMP:

- IN-LINE PUNP, SINGLE PHASE:

- IN-LINE PUNP, THREE PHASE:
- RECIFROCATING REFRIGERATION

COMPRESSOR:

- CENTRIFUGAL REFRIGERATION

CONMPRESSOR:
COOLING TOWER FANS:

EXHAUST FANS, SINGLE PHASE:

EXHAUST FANS, THREE PHASE:

CONDENSER WATER PUMP SHOULD NORMALLY HAYE MAGNETIC ACROSS-THE-LINE STARTER WITH HOA S$WITCH AND RED RUNNING LIGHT. AT 208 OR 240 VOLTS,
IF HP EXCEEDS 25 HP, USE INCREMENT STARTER AND PART WINDING MOTOR. WHERE VOLTAGE 15 440 OR GREATER, USE MAGNETIC ACROSS-THE-LIME STARTER
UP TO 100 HP. CHILLER SHOULD BE INTERLOCKED WITH THI5 PUNP. USUALLY WIRE AUTOMATIC POSITION IN H-0-A TO AUXILIARY CONTACT IN CHILLED WATER
PUMP STARTER.

CHILLED WATER PUMP SHOULD NORMALLY HAVE MAGHETIC ACROSS-THE-LINE STARTER WITH START-STOP PUSHBUTTON AND RED RUMMNING LIGHT. AT 208 OR
240 YOLTS, IF HP EXCEEDS 25 HP, USE INCREMENT STARTER AND PART WINDING MOTOR. WHERE YOLTAGE 15 440 OR GREATER, USE MAGMETIC ACROSS-THE-

LINE STARTER UP TO 100 HP. CHILLER SHOULD BE INTERLOCKED WITH THIS PUMP 50 THAT CHILLER CANHOT RUN UNLESS THIS PUMP IS RUNNING. ALSO IN-
TERLOCK CONDENSER WATER PUMP WITH THIS PUMP.

HOT WATER PUMP SHOULD NORMALLY HAYE MAGNETIC ACROSS-THE-LINE STARTER WITH HOA SWITCH AND RED RUNHING LIGHT. UP TO 208 OR 240 VOLTS, IF
HP EXCEEDS 25 HF, USE INCREMENT STARTER AND PART WINDING MOTOR. WHERE YOLTAGE 15 440 OR GREATER, USE MAGNETIC ACROSS-THE-LINE STARTER
UP TC 100 HP. ALWAYS PROVIDE MAINTAINED CONTACT ON HEATING PUMPS.

IN-LINE PUMPS OF FRACFIONAL HP AND SINGLE PHASE SHALL HAYE MANUAL STARTERS WITH RED RUNNING LIGHT. - THIS DOES NOT APPLY TO PUMPS THAT
REQUIRE AUTOMATIC CONTROL, WHICH WiLL REQUIRE MAGNETIC ACROSS-THE-LINE STARTERS WITH HOA SWITCH AHD RED RUNNING LIGHT.

SHALL HAVE RAGNETIC ACROSS-THE-LINE STARTER WITH HOA SWITCH AND RED RUNNING LIGHT.

UP TO 25 HP, USE MAGNETIC ACROSS-THE-LINE STARTER WITH START-STOP PUSHBUTTOM AND RED RUNNING LIGHT. FROM 30 HF THRU 100 HP, WHERE THE
YOLTAGE 15 240 OR LESS, USE INCREMENT TYPE STARTER. BE SURE AND SPECIFY PART WINDING TYPE MOTOR FOR COMPRESSOR, FROM 30 HP THRU 100 HP,
WHERE THE YOLTAGE 15 400 OR GREATER, USE MAGNETIC ACROSS-THE-LINE STARTER.

USE REDUCED VOLTAGE STARTER NORMALLY OF THE STAR DELTA CLOSED TRANSITION TYPE. THE MANUFACTURER OF THIS EQUIPMENT SHOULD ALWAYS
BE CONTACTED, CONTROL CIRCUIT SHOULD BE WIRED THRU AUXILIARY CONTACTS IN CHILLED WATER AND CONDENSER WATER PUMP STARTERS.

COOLING TOWER FANS SHOULD NORMALLY HAYE MAGNETIC ACROSS-THE-LINE STARTER WITH HOA SWITCH AND RED RUNNING LIGHT, AT 208 OR 240 YOLTS,
IF HP EXCEEDS 25 HP, USE INCREMENT S TARTER AND PART WINDING MOTOR. WHERE YOLTAGE IS 440 OR GREATER, USE MAGNETIC ACROSS-THE-LINE
STARTER UP TO 100 HP, WIRE AUTOMATIC POSITION ON HOA SWITCH TO THERMOSTAT IN CONDENSER WATER LINE.

EXHAUST FANS OF FRACTIONAL HP AND SINGLE PHASE SHALL HAVE MANUAL STARTERS WITH RED RUNNING LIGHT. THIS DOES NOT APPLY TO FANS THAT
REQUIRE AUTOMATIC CONTROL., WHICH WILL REQUIRE MAGNETIC ACROSS-THE-LIME STARTERS WITH HOA SWITCH AND RED RUNNING LIGHT.

SHOUL®D HORMALLY HAVE MAGMETIC ACROSS-THE-LINE STARTER WITH HOA SWITCH DR STOP-START PUSHBUTTOMN AND RED RUNHING LIGHT. UP TO 240
VOLTS, IF HP EXCEEDS 25 HP, USE INCREMENT STARTER AND PART WINDING MOTOR. WHERE VOLYAGE |5 440 OR GREATER, USE MAGNETIC ACROSS- THE-
LINE STARTER UP TO 100 HP. CONTACT CAN BE MOMENTARY UHLESS IT IS INPORTANT THAT THIS FAN STARTS AGAIN AFTER POWER FAILURE.




10. EXHAUST FANS, THREE PHASE: SHOULD NORMALLY HAVE MAGHETIC ACROSS-THE-LINE STARTER WITH HOA SWITCH OR STOP-START PUSHBUTTON AND RED RUNNING LIGHT. UP TO 240
VOLTS, IF HP EXCEEDS 25 HP, USE INCREMENT STARTER AND PART WINDING MOTOR. WHERE VOLYAGE IS 440 OR GREATER, USE MAGHETIC ACROSS-THE-
LINE STARTER UP TO 100 HP. CONTACT CAN BE MOMENTARY UNLESS IT IS INPORTANT THAT THIS FAN STARTS AGAIN AFTER POWER FAILURE.

11. AIR HANDLING UNITS: AIR HANDLING UNITS SHOULD NORMALLY HAVE MAGNETIC ACROSS-THE.LINE STARTER WITH HOA SWITCH AND RED RUNNING LIGHT. UP TO 240 VOLTS, IF
. HP EXCEEDS 25 HP, USE INCREMENT STARTER AND PART WINDING WOTOR. WHERE VOLTAGE IS 441 OR GREATER, USE MAGNETIC ACROSS-THE-LINE STARTER
UP TO 100 HP. 1F AIR HANDLING UNIT HAS HEATING COIL, PROVIDE MAINTAINED CONTACT.

12. OIL BURNER MOTORS: OIL BURNER MOTORS SHALL HAVE MAGNETIC ACROSS-THE-LINE STARTERS WITH RED RUNNING LIGHT. CONTROL CIRCUIT SHOULD BE PROPERLY WIRED THRU
ALL SAFETY DEYICES PROYVIDED BY OIL BURNER AND BOILER MANUFACTURER.

13. MAINTAINED CONTACT SHOULD BE USED ON ALL MOTORS WHICH SHOULD COME BACK ON AUTOMATICALLY AFTER A POWER FAILURE. MAINTAINED COMTACT DEYICES ARE ON-OFF OR H-0O-A AND
SHOULD BE USED ON ALL MOTORS THAT SUPPLY HEAT TO THE BUILDING.

14, CHECK WITH ELECTRICAL DESIGNER TO SEE \F STARTER SHOULD BE FLUSH MOUNTED OR SURFACE MOUNTED,

GENERAL

1. ON CONTROL DEYICES MOMENTARY CONTACTS WILL CAUSE HOTGR TO DROF OUT ON POWER FAILURE AND WILL REMAIN OF F UNTIL RESTARTED MANUALLY. MAINTAINED CONTACTS WILL CYCLE
MOTOR AND WILL RESTART MOTOR UPON FAILURE OF POWER AND RESTORED POWER.

2. ON TWO-SPEED KOTORS, DUAL WOUND MOTORS WILL PROVIDE FOR 1200 RPM AND 1800 RPM ONLY. [F 900 RPM AND 1800 RPM ARE REQUIRED , USE SINGLE WINDING TYPE MOTOR AND STARTER.

3. NEMA TYPE | STARTERS ARE GENERALLY USED FOR ALL INTERIOR LOCATIONS. REFER TO NEMA CLASSFICATIONS FOR OTHER LO‘CATiﬂlS

SCHEDULE

STARTER '
AMPS NEATeR IND, [conTroL| MANUAL conTRoL mm-nccou'rml NYERLOCKING

MOTOR | LOCATION | He | voLTs | PHASE [FTTr | TYPE| 'SR | B\ | M6 L7s |voLTace [pevice [LocATion | DEVICE uocmm“‘“fc'g‘ NO_CONTACTS! 1TEM REMARKS




ABBREVIATIONS
GENERAL: MONUAL CONYROL DEVICES:
N.O, - MORMALLY OPEN HOA. ~ 3-POSITION SELECTOR SWITCH
NC - HORMALLY CLOSED (MAND-OFF- AUTOMATIC )
FL. - FULL LOAD RUNNING CURRENT 0 — ON-OFF 2-POSITION SELECTOR SWITCH
LR -« LOCKED ROTOR CURRENT - =~ START-STOP PUSHBUTTONS
MTG. - TYPE MOUNTING (MOMENTARY CONTACTS)
S - SURFACE START — START PUSHBUTTON {N.0. CONTACTS }
F - FLUSH - STOP UTT . C. ACTS )
h o LN eNTING STOP OF PUSHBUTTON {(N.C. CONTACTS )
MCC -~ MOUNTED IN MOTOR CONTROL SAFETY DEVICES:
CENTER F - FIRESTAT
¥PE: Z FREEZESTAT
Lm ~ WANUAL M - SAFETY CONTR NT MF
MA-L - MAGNETIC FULL VOLTAGE Wo- SAFETY C OLS BY EQUIFME R.
ACROSS-THE- LINE AUTOMATIC CONTROL DEVICES:
$-0 - STAR DELTA- REDUCED VOLTAGE RE. - PNEUMATIC ELECTRIC SWITCH
A-T - AUTO TRANSFORMER - EPf — ELECTRIC PNEUMATIC SWiITCH
28 - TWO SPEED- MABNETIC AG. - AQUASTAT
PS -~ PRESSURE S WI(TCH
IND. LTS INDICATOR RUNNING LIGNWTS FLS, -~ FLOAT SWITCH
A - RED € — CONTAGYS ON ANOTHER STARTER (INTERLOCK
A - AMBER
6 - GREER
B - BLUE
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NOTES

ALL STARTERS SHALL BE FURNISHED TO THE ELECTRICAL CONTRACTOR BY THE MECHANICAL
CONTRACTOR UNLESS OTHERWISE MNOTED, 8 WHEN IN A MOTOR CONTROL CENTER.

ALL REDUCED VOLTAGE S3TARTEAS 3SHALL BE CLOSED TRANSITION TYPE
ALL STARTER ENCLOSURES SHALL BE NEMA | UNLESS OTHERWISE SHOWN.

ALL THREE PHASE STARTERS SHALL INCLUDE A THREE COIL THERMAL OVERLOAD RELAY
MOUNTED 1N THE STARTER ENCLOSURE. ALL SINGLE PHASE STARTERS SHALL INCLUDE
A SINGLE COIL THERMAL OVERLOAD RELAY

ALL FEATURES SHALL BE BUILY INTO ENCLOSURE UNLESS OTHERWISE SHOWN UNDER REMARKS

ALL ETAH'FEH!\ SHALL HAVE A LAMACOID ENGRAVED MNAMEPLATE NAMING THE MOTOR IT
CONTROL 8.

WHERE MOTORS ARE SHOWN TWQO SPEED, THE MOTORS SHALL BE TWO WINDING TYPE MOTORS
& THE STARYERS SHALL BE TWO WINDING, UNLESS OTHERWISE INDICATED,

SUPPLY NECESSARY COMTAOL TRANSFORMERS FfOR INTERLOCKING STARTERS OF DIEFERENT
YOLTAGE, & FOR (20Y CONTAOL CIRCUITS.

ALL CONTAOL CIRCUITS 120V 8 ABOVE SHOULD BE FUSED. PROVIDE DUAL FUSING GN
PRIMARY OF CONTROL TRANSFORMER B SINGLE FUSING ON SECONDARY SIDE.

MOTOR OVERLOADR RELAY COILS [HEATERS) SWALL 8E INSTALLED IN EACH NOTOR
SYARTER & SHALL BE PROPERALY SIZED IN ACCORDANCE WITH NEC. AFTER EXACT
MOTOR FULL LOAD RUNNING CURRENT IS5 KNOWN FROM APPROVED SHOP DCRAWINGS,
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