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Schematic design

Design development

Tender

Construction drawing

Shop drawing

Construction & Testing & Commissioning
As built
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American Society of Plumbing Engineers

Data Book

A Plumbing Engineer’s Guide to System Design and Specifications

by Alfred Steele, P.E.
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Gravity Tank System
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Booster System
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Booster pump system
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Figure 1: System construction
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Table 1-1
TABLE 2
OUTDOOR AIR REQUIREMENTS FOR VENTILATION®
2.1 COMMERCIAL FACILITIES (offices, stores, shops, hotels, sports facilities)
Estimat ed Maxi

Outdoor Air Requirements

_— Occupancy
Application Piiose 80 o/ s N N Co
2 cfm/ft Lism
or 100 m person person

Dry Cleaners, Laundries Dry-cleaning processes may mequire maore air

Commercial laundry 10 25 13

Commercial dry cleaner 30 30 15

Storage, pick up 30 35 18

Coin-operated laundries 20 15 B

Coin-operated dry cleaner 20 15 8

Food and Beverage Serviee

Dining moms E 20 1

Cafeteria, fast food 100 20 i

Bars, cocklail lounges 100 30 15 Suppl smaok | equiy
may be requined.

Kitehens {cooking) 0 15 ] Makeup air for hood exhaust may require
maore ventilating air. The sum of the outdoor
air and transfer air of acceplable quality from
adjecent spaces shall be sufficient o provide
an exhaust rate of not less than 1.5 cfm/i?
(7.5 Lis-m®).

Garages, Repair, Service Stations

Enclosed parking garage 1.50 75 Distribution among people must consider

Aulo repair rooms 150 75 worker location and concentration of running
engi stands where engines are run must
incorporate systems for positive engines
exhaust withdrawal . Contaminant sensors
may be used to control ventilation,

Huotels, Motels, Resorts,

Dormitories cfm/room  Lis-room Independent of mom size

Bedrooms 30 15

Living rooms 30 15

Baths 35 18 Installed capacity for intermittent use,

Lobbies 30 15 8

Conference rooms 50 20 1o

Assembly rooms 120 15 B

Domnitory sleeping areas 20 15 8 See also food and beverage services, mer-
chandising, batber and beauty shops, parapes

Gambling casinos 120 30 15 Supy ary smok | equif
may be wquired.

Offices

Office space 7 20 10 Some office equipment may require local

Tecepbon amwas EL (K] ] exhausl.

Telecommunication centers

and data enry areas &0 20 i

Conference rooms S0 20 i

Public Spaces emi?  Lism?

Corridors and utilities 0.05 0.25

Public restmoms, cfn/we

or cfimfurinal 50 25 Normally supplied by trans fer air.

Locker and dressing rooms 05 2.5 Local mechanical exhaust with no recircula-

Smoking lounge T 60 30 tion recommended.

Elevators 1.00 5.0  Normally supplied by ransfer air,

* Table 2 prescribes supply rates of acceptable outdoor air reguired for acceptable indoor air quality. These values have been chosen to dilute human bioeffluents and other contam-
inants with an adequate margin of safety and to account for health variations among people and varied activity levels.
** Net occupiable space.

ASHRAE STANDARD 62-1999 7
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Table 8-8 Typical Waste-Water Flows from Recreational Sources

- Waste-Water Flow,
Table 1-2 gpd/unit (L/d/unit)

Source Unit Range Typical
Apartment, resor Person 52.8-74.0 (200-280) 58.1 (220)
Cabin, resort Person 34.3-50.2 (130190} 42.3 {(160)
Cafeteria Customer 1.1-2.6 (4-10) 1.6 (86)

Employee 7.9-13.2 (30-50) 10.6 (40)
Campground (developed) Person 21.1-358.6 (B0—-150) 31.7 (120)
Cocktail lounge Seat 13.2-26.4 (50-100) 19.8 (75)
Coffee shop Customer 4.0-7.9 (15-30) 5.3 (20)

Employee 7.9-13.2 (30-50) 10.6 {40)
Country club Member present B66.0-132.0 (250-500) 108.0 (400)

Employee 10.6-15.9  (40-60) 13.2 (50)
Day camp (no meals) Person 10.6-15.9 (40—-60) 13.2 (50}
Dining hall Meal served 4.0-13.2 (15-50) 7.9 (30)
Dormitory, bunkhouse Person 19.8—-46.2 (75-175) 39.6 (150)
Hotel, resort Person 359.6-63.4 (150240} 52.8 (200)
Laundromat Machine 476.0-687.0 (1800-2800) 581.0 (2200}
Store resort Customer 1.3-5.3 (5—20) 2.6 (10)

Employee 7.9-13.2 (30-50) 10.6 (40)
Swimming pool Customer 5.3-13.2 (20-50) 10.6 (40)

Employee 7.9-13.2 (30-50) 10.6 (40)
Theater Seat 2.6-4.0 (10-15) 2.6 (10)
Visitor center Visitor 4.0-7.9 (15-30) 5.3 (20)
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Table 8-9 Quantities of Sewage Flows

GPD/Person
Type of Establishment (L/D/Person)®
Airports (per passenger) 5 (20)
Apartments—multifamily (per resident) 60 (225)
Bathhouses and swimming pools 10 (40)
Camps
Campground with central comfort stations 35 (130)
With flush toilets, no showers 25 (95)
Caonstruction camps (semipermanent) 50 (190)
Day camps (no meals served) 15 (60)
Resort camps (night and day) with limited plumbing 50 (190)
Luxury camps 100 (380)
Cottages and small dwellings with seasonal occupancy 50 (190)
Country clubs (per resident member) 100 (380)
Country clubs (per nonresident member present) 25 (95)
Dwellings
Boarding houses 50 (190)
additional for nonresident boarders 10 (40)
Luxury residences and estates 150 (570)
Multifamily dwellings (apartments) 60 (225)
Rooming houses 40 (150)
Single-family dwellings 75 (285)
Factories (gal [L] per person, per shift, exclusive of industrial wastes) 35 (130)
Hospitals (per bed space) 250 (945)b
Hotels with private baths (2 persons per room) 60 (225)
Hotels without private baths 50 (190)
Institutions other than hospitals (per bed space) 125 (475)
Laundries, self-service (gal [L] per wash, i.e., per customer) 50 (190)
Mabile home parks (per space) 250 (945)
Motels with bath, toilet, and kitchen wastes (per bed space) 50 (190)
Motels (per bed space) 40 (150)
Picnic parks (toilet wastes only) (per picnicker) 5 (20)
Picnic parks with bathhouses, showers, and flush toilets 10 (40)
Restaurants (toilet and kitchen wastes per patron) 10 (40)
Restaurants (kitchen wastes per meal served) 3 (10)
Restaurants, additional for bars and cocktail lounges 2 (8)
Schools
Boarding 100 (380)
Day, without gyms, cafeterias, or showers 15 (60)
Day, with gyms, cafeteria, and showers 25 (95)
Day, with cafeteria, but without gyms or showers 20 (80)
Service stations (per vehicle served) 10 (40)
Swimming pools and bathhouses 10 (40)
Theaters
Mavie (per auditorium seat) 5 (20)
Drive-in (per car space) 5 (20)
Travel trailer parks without individual water and sewer hookups (per space) 50 (190)
Travel trailer parks with individual water and sewer hookups (per space) 100 (380)
Workers
Construction (at semipermanent camps) 50 (190)
Day, at schools and offices (per shift) 15 (60)

aUnless otherwise noted.
Pincludes cafeteria.
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Table 1-3| TABLE K-3
Estimated Waste/Sewage Flow Rates

Because of the many variables encountered, it is not possible to set abselute values for waste/sewage flow
rates for alil situations. The designer should evaluate each situation and, if figures in this table need
modification, they should be made with the concurrence of the Authority Having Jurisdiction.

Type of Occupancy
o AIMPOMS e

Gallens (liters) Per Day

s, 19 (68.8) per employee
5 (18.9) per passenger
S e CHECK with equipment manufacturer
3. Bowling alleys (snack bar oL R - {283.9) per lane
4. Camps:
Campground with central comfort SEELON. 035 {132.5) per person
Campground with flush toilets, no showers............ e 25 (94.8) per person
Day camps (no meals served) ..o weeeeannnnn. 19 (56.8) per person
Summer and SBASONA ..ot carvennneneen..50 (189.3) per parson
5. Churches (Sanctuary) ...o.oueeeeoveeeeooeeeeeeooo

i3 (18.9) per seat
with Kitchen waste ..........co.oooveeevvss e £ (26.5) par seat
6. Dancehalls...........

w0 (18.9) per person
Factories

No ShOWErSEE (94.8) per employee
With SMOWETS 1ottt 35 {132.5) per employae
Cafeteria, add .............. vneeene.5 (18.9) per employee

8. HGSplalsEEU(Qdﬁa,perhed
Kitchen waste L RO DO R - (94.6) per bed

Laundry waste only T e S0 (151.4) per bed
Hotels (no kitchen waste) ...,

2. Autowashers ...................

...80 (227.1) per bed (2 person)

429
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[Table 1-3 Contiued |

TABLE K-3 {Continued)

Type of Occupancy Gallons (liters) Per Day
10, Instituticns (Resident) oo U et T D | 283.8) pET persan
NUISING NOMB ..ottt cn s v 125 (47310 per persan
RS FUITIE oo oo s et et e et e rre e enn e ssennesren e sanrenseneeeeeneennns 1 20 (4T 3.1) PET pBISON
11. Laundries, self-service
(MINIMUM 10 ROUTS DEF QaY) ... ccveceriamerir et 50 (188.3) per wash cycle
COITUTIREGIA e ee oo ae s ere st e eeseeeae s saassseseesiens e e eeee o PO MANUfacturar's specifications

10 MIOBL oo eeree et et et sta et et en et n0d (18803) per Ded space
with kit chen e reesarnanenaniaee 00 1227 1) per bed space

13. Cffices 2{] (75.7) per employee

14, PATKS, MOBIE HOMBS ovveiectcieeieee e ettt sisnssss s sneeesnnnns 200 (846.3) pBT Space
DICNIC PArksS (T0IBS ONIYY ....vccececereciie et e 20 (75.7) per parking spacs
racreational vehicles —

WITROUT WEEET NOOK-LUD . cvvevr s eseeemee s e ssssse s s snsssssesissisnss s snnesssssnes e eeneees 10 (283.9) PEI SpACE
with water and SEWEr NOOK-UD covver vt | 00 {37 8.5) per space

15, RESIAUrANTS — CATBIRIIAS. . .vvirvreceiseiiseersrssaessss bt et erecrceemnsenenaeness om0 (79.7) PEF @MplOYyee
toilet... ettt m e ses et eseneennnn ] (28.5) PRI CUSIOMET
kucnenwaste e e e e a0 (22.7) PP MEaEL
add for garbage d=sposai U OUT OO STORPPURRPRPPRRR I (< =) I o1 Tgiy 1=z
add for cocktail lounge .. E (7.6) per customer

kitchen waste — Disposable SEI"‘JiGE TP OPUTUOUPYPOUPURTOPRPRRS - 1 < I o=t g s T=T=1

16. SChools — Staff AN OFICE weuvreereeree ettt s sn s 20 (79,7 ) PEF PETSON
Elementany SUAEMS .........cooeiiere e resnsssenssressnsssssssinsssss s 19 (38.8) PEF prson
Intermediate and BIGN. ..o e 20 (79.7) PEF Student

with gym and showers, add e eeresaesensaaa s stansansn s rananssse s reeseeeeseeeneanenee 0 (18.9) per student
with cafeteria, au:ll:iﬂ (11.4) per student
Boarding, 1otal WASIE ... .. 100 (378.5) per person

17. Service Station, 10T ..o e ..1000 (3785) for 15t bay
Eﬂ{) {1 392 5] for each additional bay

18. Stores ... .20 {75.7) per employee
pubiicrestrcﬂms add 1 per m sq it. (4.1/m’) of floor space
18, Swimming pools, public.... ...10 (37.9) per person

20. Theaters, audttcraumsﬁ (18.9) per seat
= 1o VTP PUUUU U RPUUSTURIUURTROTRRIUOPTPORRTRRRRPTRRpRRORY Lo I (C =) I «1=" g o1 el
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Tank Drain and Over flow

TABLE 606.5.7
SEE OF DRAIN PIPES FOR WATER TANKS

TANK CAPACITY (gallons DRAIN PIPE (inches
:

5,000 107 500

For SI: 1 inch =254 mm, | gallon =3.785 L.

TABLE 606.5.4
SIZES FOR OVERFLOW PIPES FOR WATER SUPPLY TANKS

MAXIMUM CAPACITY OF
WATER SUPPLY LINE TO DIAMETER OF OVERFLOW
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UNIFORM PLUMBING CODg

Table 6-4

TABLE &5

T

[Tnch mm|
i ‘133 j:g | Water Supply Fixture Units (WSFU) and Minimum Flxiure Branch Pipe Sizes’
' 4 55 ‘ Minimum .
T Fixiure Branch  Private Public Assembly
Apgpliances, Appurtenances or Fixtures’ Pipe Size”
Satitub or Combination Bath/Showar (fill) . 172" 4.0 4.0
.34 10.0 10.0

374" Bathtub Fill Vaive ...

.12t 1.0
L2 4.0 4.0
L B2 1.0
e 1.5 1.5
T 0.5 0.5 075

Clothes washer ..
Dental Unit, cuspidor ..
Dishwasher, domestic ...
Drinking Fountain or Watercooler...

Hose Bibb .o 12" 25 2.5
Hose Bibb, each additional et 1.0 1.0
Lavatory L1 1.0 1.0 1.0
Lawn Sprinkler, each head". 1.0 1.0
Mobile Home, each (minimum) 12.0
Sinks
Lot 1.0 2.0

Clinic Faucet.....
Clinic Flushometer Valve.....

with or without faucet.......
Kitchen, domestic ...

.12t 1.5 1.5
B 1.5 1.5
Lt 1.5 3.0

Service or Mop Basin ...
Washup, each set of faucets ..

Shower, per head ... T 2.0 2.0

Urinal, 1.0 GPF Flushometer Valve. .. 34" See Footnate 7

Urinal, greater than 1.0 GPF Flushometer Vaive ... ... 314" See Footnote 7

Urinal, flush tank.......cccoeevcinmnnns Lot 2.0 2.0 3.0

Washfountain, CIrGUIAT SPIAY ...eewririresree i s 3/4" 4.0

Water Closet, 1.6 GPF Gravity Tank.. R Ve 25 2.5 35
.12 2.5 25 3.5

Water Closet, 1.6 GPF Flushometer Tank
Water Closet, 1.6 GPF Flushometer Valve o See Footnote”
Water Closet, greater than 1.6 GPF Gravity Tank. L2 3.0 5.5 7.0
Water Closet, greater than 1.6 GPF Flushometer Valve oo 1" See Footnots’

Notes:

+ Size of the cold branch pipe, or both the hot and cold branch pipes.

2 Appliances, Appurtenances or Fixtures not included in this Table may be sized by reference to fixtures having a
similar flow rate and frequency of use.

s The listed fixture unit values represent their load on their cold water service. The separate cold water and hot water
fixture unit value for fixtures having both hot and cold water connections may each be taken as three-quarter ( 3/4)
of the listed total value of the fixture.

+ The listed minimum supply branch pipe sizes for individual fixtures are the nominal (1.D.) pipe size.

s For fixtures or supply connections likely to impose continuous flow demands, determine the required flow in gallons
per minute (GPM), and add it separately to the demand (in GPM) for the distribution system or portions thereof.

s Assembly [Public Use (See Table 4-1)].

7 When sizing flushometer systems, see Section 610.10.
¢« Reduced fixture unit loading for additional hose bibbs is 1o be used only when sizing total building demand and for

pipe sizing when more than one hose bibb is supplied by a segment of water-distributing pipe. The fixture branch 10 .
each hose bibb shall be sized on the basis of 2.5 fixture units.
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APPENDIX E

TABLE E103.3(2)
LOAD VALUES ASSIGNED TO FIXTURES?

LOAD VALUES, IN WATER SUPPLY FIXTURE UNITS (wsfu)

TYPE OF SUPPLY

FIXTURE OCCUPANCY CONTROL Cold Hot Total

Bathroom group Private Flush tank 2.7 15 36

Bathroom group Private Flush valve 6.0 3.0 8.0

Bathtub Private Faucet 1.0 1.0 14

Bathtub Public Faucet 3.0 3.0 4.0

Bidet Private Faucet 15 15 20

Combination fixture Private Faucet 225 30

Dishwashing machine Private Automatic

LA
[=]
o]
e

Drinking fountain Offices, etc. 3/g" valve 0.2

Kitchen sink Private Faucet

Kitchen sink Hotel. restaurant Faucet 3.0 3.0 4.0

Laundry trays (I to 3) Private Faucet 1.0 1.0 14

Private Faucet

Lavatory

Lavatory Public Faucet

Service sink Offices. etc. Fauncet

Shower head Public Mixing valve

Shower head Private Mixing valve

Urinal Public 1" flush valve

Urinal Public 31"4" flush valve 5.0 - 5.0

Urinal Public Flush tank

Private Automatic

Washing machine (8 1b)

Washing machine (8 Ib) | Public Automatic 225 225 3.0

Washing machine (15Ib) [ Public Automatic

Water closet Private Flush valve

Water closet Private Flush tank

Water closet Public Flush valve

Water closet Public Flush tank 50 - 5.0

Water closet Public or private Flushometer tank 2.0 - 20

For SI: linch=254 mm 1 pound =0.454 kg

a For fIXtures not listed . loads should be assumed by comparing the fixture to one listed using water in similar quantities and at similar rates. The assigned loads for
fI¥tures with both hot and cold water supplies are given for separate hot and cold water loads and for total load. The separate hot and cold water loads being
three-fourths ofthe total load for the fixture in each case.



Chart A-3
Enlarged Scale Demand Load
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Convert WSFU to GPM

APPENDIX E

TABLE FOR ESTIMATING DEMAND
SUPPLY SYSTEMS PREDOMINAR FOR FLUSH TANKS SUPPLY SYSTEMS PREDOMINANTLY FOR FLUSH VALVES

e [ oemms | e [ cemaa |
{Water supply fixture units) | (Gallons per minute) | (Cubic feet per minute)| (Water supply fixture units) | (Gallons per minute) | (Cubic feet per minute]
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Thank you see you next time
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Positive displacement pump , Centrifugal pumps ! <lwlhll ausis

5l ana duial g lea la 4dia B il Jild) s e positive displacement J) Glialka adias ®

L) bara &8 )1 hg centrifugal force s o) )sall 48s e adiad Centrifugal J) bkl W 2




Effect of changing impeller characteristics
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Difference between single and double suction
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Centrifugal pumps types

End suction pump:
L A1 (i LY Gl Lgaans g

Discharge flange

auclion llanges




Centrifugal pumps types

In line pump:

< 13 horizontal & vertical Yiag z s A oldlae (il Ao Jsdall (us) oY Iy Lghiand a3 °
gl A gas @'43

il

|

il




Centrifugal pumps types

:Vertical multistage pumps

O (o A e JS DA (pabaiall 285 9 Jal e 038 L g (o) O1gal) d5as plag Y Elld Lgtsandi oy
Booster set awd 3al g (e JAS) 0985 Ladie g o glhaall Jaiall Juasl

ALDG(GDL) Multistage Pump

1e)ljOUrno. cr
S304/Cast iron




Centrifugal pumps types
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TABLE 604.3
WATER DISTRIBUTION SYSTEM DESIGN CRITERIA
REQUIRED CAPACITY AT FIXTURE SUPPLY PIPE QUTLETS

FIXTURE SUPPLY OUTLET FLOW RATE" PHELE%TJ;HE
SERVING (gpm) (psi)
Bathiub 4 8
Bidet 2 4
Combination fixture 4 8
Dishwasher, residential 2.75 8
Drinking fountain 0.75 &
Laundry tray 4 8
Lavatory 2 8
Shower 3 8
Shower, temperature controlled 3 20
Sillcock, hose bibb 5 8
Sink, residential 2.5 8
Sink, service 3 8
Urinal, valve 15 15
Vo closst,bow ou . 2
Water closet, flushometer tank 1.6 15
Ve clost,sphoric 2 :
Water closet, tank. close 3 g
coupled
Water closet, tank, one piece B 20

For &I
= 3785 L/m.

a. For additional requirements for flow rates and guantities, sse Section 604.4,

| poand per square inch = 6.895kPa, | gallon per ramnate
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il 5o el die jand sall jlue o) g duallall o gl Y1 Caus static pressure J) sl
Ul sall sizing Jsas a23505 friction J) wlesd

B ¥ YA= jia ) ol SHY
Jsaall 8 2gaall il dcumyi g F = Vo Lo adi g3 8 Yoo lud)

Leie dailill laxazall 8 5 jleall LdlSs J kS J) sb30fitting J) 4dlza) oty

TABLE A-3
Allowance in Equivalent Length of Pipe for Friction Loss in Valves and Threaded Fittings*
Equivalent Length of Pipa for Various Fittings

850° 45° 30" Coupling or

Diameter Standard Standard Standard  Straight Gate Globe Angle
of Fitting Elbow Eibow Tae Aun ol Tee Vaive Vaiva Valve
inchas Feet Feet Feet Feet Feot Feet Feet

3/8 1.0 0.6 1.5 0.3 0.2 4 4
1/2 2.0 1.2 a0 (L6 0.4 15 8
3/4 2.5 1.3 4.0 (.8 0.5 20 12
| 3.0 1.8 5.0 .4 Lo 25 15
1-1/4 4.0 2.4 .0 1.2 0.8 35 18
1-1/2 3.0 3.0 7.0 i3 1.0 45 22
2 7.0 4.0 10.0 20 1.3 55 28
2-1/2 3.0 5.0 2.0 2.5 .6 63 34
3 10.0 6.0 15.0 3.0 2.0 ol -+

1 14.0 8.0 210 4.0 2.7 125 55

5 17.0 10.0 25.0 5.0 33 140 70

6 20,0 12.0 30.0 b0 4.0 165 80
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Some important phenomena

Cavitation
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Fig. 1.6.9: Cavitation corrosion



Some important phenomena

Water hammer: *
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Hot water system

Types of heaters
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Hot water system recirculation

ool a8l J2dy ol sall Jaka 2,8V s DAl sbiall 5535 Jee &l 4538 yall dadail)
Table-10 from Ashrea 48/2007 a2aiu LAl obad) LS e J paall
ALY MR gl ¢ o5 e s s sDemand factor J) (A o Gl ae
Storage factor dI (& « =i gl o 33l e J seasll
AUl Y aleall andtiig
Heater Capacity = (GPH x AT)/410=.... KW

/AT=70 F=difference in temperture between water entering heater and leaving the heater
Make up water temperture = 50 F

GPH x demand factor x storage factor = ¢siall ) 3l das e J sanll




Service Water Heating 49.19

Table 10 Hot-Water Demand per Fixture for Various Types of Buildings
(Gallons of water per hour per fixture, calculated at a final temperature of 140°F)

Apartment Industrial Office  Private
House  Club Gymnasium Hospital Hotel Plant  Building Residence School YMCA
1. Basin, private lavatory 2 2 2 2 2 2 2 2 2 2
2. Basin, public lavatory 4 6 8 6 8 12 6 — 15 8
3. Bathtub® 20 20 30 20 2 — — 20 — 30
4. Dishwasher?® 13 30-150 — 30-150 30-200  20-100 — 13 20-100  20-100
5. Foot basin 3 3 12 3 3 12 — 3 3 12
§. Kitchen sink 10 20 — 20 30 2 20 10 20 20
7. Laundry, stationary tub 20 23 — 23 28 — — 20 — 23
§. Pantry sink 3 10 — 10 10 — 10 3 0 10
9. Shower 30 150 225 13 75 225 30 30 223 225
10. Service sink 20 20 — 20 30 20 2 13 20 20
11. Hydrotherapeutic shower 400
12. Hubbard bath 600
13. Leg bath 100
14. Arm bath 33
15. Sitz bath 30
16. Continnous-flow bath 163
17. Circular wash sink 20 20 30 20 30
18. Semucircular wash sk 10 10 13 10 15
19. DEMAND FACTOR 0.30 0.30 0.40 0.23 0.25 0.40 0.30 0.30 0.40 0.40
20. STORAGE CAPACITY FACTOR® 1.25 0.90 1.00 0.60 (.80 1.00 2.00 0.70 1.00 1.00
Note: Data sources predate low-flow fixtures and apphances. "Ratio of storage tank capacity to probable maximum demandh. Storage capacity may be reduced
*Dishwasher requursments should be taken from ths table or from where unlmuted supply of steam 15 avalable from ceniTal streef steam system or large boiler plant.
mamfacawers’ data for model to be used, if knovn. “Whirlpool baths require specific consideration based on capacity. They are not included i the bath-

b catezory,




Circulation pump flow can be obtained with two methods:
1-Heat loss equation
3. Determine pump capacity as follows:

“OP 60 pcpAr (1)
where
Qp = pump capacity, gpm
g = heat loss, Buwh
p = density of water = 8.25 1b/gal (120°F)
cp = specific heat of water = 1 Btu/lb-°F
Ar = allowable temperature drop, °F

For a 20°F allowable temperature drop.

Op(8Pm) = 835 x 1% 20 3900 @

g= covered pipe by 30 Btw/h-ft or uninsulated pipe by 60 Btw/h-ft. x total reculation
length(ft)
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Swimming Pool
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Skimmer Type <ldes-)
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Overflow Type <ldas-Y
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Surge tank volume = (40 liter for each m2 of pool area+ filtration back wash
(Filter flow x 10 min)+ Area x 1cm) x 20%







Electric heater




Pool heater Calculation

g, = pc,Vite—1;)/6(3600 s/h)

pool heat-up rate. KW

998 = ka/m?

specific heat of water= 4.18 klfikz-K)
pool volume, m”

desired temperature {usually 27°C)
initial temperature of pool, "C

pool heat-up time, h

]

q
e
T 1 T 1 T 1 A 1

g, = UA(t,—1,)

where

heat loss from pool surface, kW

surface heat transfer coefficient = 0.060 KW /im?2. K)
pool surface area, m<

pool temperature, “C

ambient temperature, “C

de = 4 T 45

m 2 oy Jalaa alaadl (S o o) galAshrea
«iaill pool surface J) ¢







Thank you see you next time
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