BUSCH Air Engineering Guide

Fan Engineering Data

Altitude & Temperature
Correction Factors
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Fans aréraled al standard asr: 075 Ibs./cubic i 70°F at sea lavel
Iheredore, pressures correcied 1o standard must be used when
selecting Fanz from Fan rating tables or curves. Pressurg at cperat-
ing candilions x lactar = pressure al standard. Horsepower at
standard -+ facior = harsepower al operaling condingns, Caution
size meter for highesi densily {lowest lactor) conditipn atwhich it is
enpaclad 10 oparata.

Basic Fan Laws

WHEN WHEMN
VARIABLE SPEED CHANGES | DENSITY CHANGES
Waries DIRECT Cloas
VOLUME with Speed Fata Not
. FPM, ) Change
CFM, = CFM, {ﬁ?‘ﬁf
Waries with SQOUARE Warses DIRECT
PRESSLRE of Spead Aatio with Dansity Hatio
APK YT o
e (e | fa (e
Waries with CLSE Wariei DIRECT
HORSEPOWER of Spesd Fatio with Density Patia
APM_y
P = "PI{ } “Pz'"Pl(gﬂ

Velocity Pressures
(At Std. Density .075 #/Ft.3)

[VEL. | WP [ VEL. | WP VEL. VP
FPM__In. Water | FPM __ In. Water | FPM | In._ Walter

L5001 16 | 1800 202 || 4400 | 12

[ 6001 "0z22 2000 249 4800 | 132

[ 700 | 031 2200 302 || 4800 | 144
800 | 040 | 2400 353 || 5000 | 158
s00 | 050 || ZB0D 421 5300 | 169
000 | 062 || 2BOD 450 || 5400 | 182 |
100 | 075 | 3000 6] SEOO | 196
1200 | 090 [ 3200 B3E || BROO | 210
15900 | 05 || =400 721 6000 | 224
1400 | 22 || 3600 B0B || G200 | 240
1500 | 140 || 3800 800 || 6400 | 2585
1800 | 160 || 4000 SBE || BEOD | 272

o0 70— |[4200 [ 110 || caoo | o288 |

e [ Veloeind
FORMULA: VP= {:W

Fan Application Formulas

d=1122y_FB

F + a60
TP =SP4 VE
wpa (SEL G, 7 J?
A, w0 4005 4005
FANBHP » SEMETE | CFMzSP
B35E6 x Eﬁ_l G385 x E‘1S
For 3 phase maters:  BHP autpat = Exl uhli;c Plrxi.73
7
ExlxPix1.73
For 3 phate motors: KWinpuf =  ————— .
ph i pU T
For 1 phase meters:  BHP auiput = E—”:;:E.Ef-r
For 1 phase motors: KWinpui= ExlxPi

1002
To pat a System Curee whare 5P, and CFM, are known, use tha
falewing formula ta find ather curea paints;

- 12
5P2 -8 {CFM z ]|
CFM,

To gatarming round duct eguivalent of recianguiar duct far same
Iriclion lass and volymatrc cagaciy

R i
DR = 1,268/ abt?
@+

SYMBOL

BHP
CFM

kil
i

Kw
ME
Fa
Pt

bty
TP
VP

Price $5.00

DEFIKITION

area (FtY)

side & of rectangular dect

site b of rectangular dert

brake horsepower

air volume flow (Ft mis

air density [Ib/FE

Diameter of round duct

vilts

fan efficiency (decimal
temperature |degrees Fahrenheit]
amps

bl erwatts

matoe efficiency |decimal)
barometric pressure (inches meroury|
power factor

static pressure [inches Wi
total pressure |inches WG)
walacity pressure |inches WG)
webacity (Fu man

Units Most Used in Fan Application

STANDARD|STAN DAHD!
QUANTITY | ENGLISH METRIC OTHER UNITS
UNITS | (81} UNITS|
i
In. WG Pascals 5 Psi In. Hg ! mm WG | mm Hg Atrm
: 1
1 248,36 03605 | 07347 | 25400 | 18627 | 00245
DRA0F 1 0005 | 00030 | 0227 | 00750 | 00001
PRESSURE [ 27.738& Ga54.8 1 20361 | TO4.48 | 51.714 | 06305
13.622 33663 49114 1 |I 46,02 | 26.400 03342
03837 g.7ass | o042 | oozE9 | 1 07341 | 00010 |
S3630 133,31 | 01934 Q3837 | 13.6822 4 00132
407 .62 101325 14,698 | 9923 | 10384 TEO.0D ]
. =
| CFM m¥s mfmin | m ke Lt | fimin
| 1 000472 | .0ZE32 | 16902 | 47196 | 28.116
VOLUME 18,9 ¥ 60.000 | 26000 | 1000.0 s0000
| FLOW 35.315 LO1EET 1 60,000 | 16,6567 1000
| Sapng alululei:] 016867 1 2TTIR | 18867
| 21169 D000 J0E000 | 3.eD00 1 50,000
| 03632 D000z 00100 | 06000 | 01867 1
II
Fr/Min mis mifmin mifhr [ mph | Knots
= T
1 DOS0E aodgn | 18288 | 01136 | 009&7
T
VELOTITY ™ e as 1 60,000 | 36000 | 223683 | 10428
3.2@03 01667 1 €60.000 | 03728 | 03236
5468 000E OEET 1 Q0082 | 00054
a8.000 44704 F6.822 | 16004 1 .8ER39
101 .34 1479 30887 18532 | 1.1818 1
RPFM rps
ROTATING Column 1 lists the Emglish units now in
SFEED 1 B1GE? comman usage in the air moving industry.
0.0 ] Column 2 lists the metric units which have
LEfFtd Kaim™ been adopled as the metric standards by
DENSITY - 15_01.9.. = the Air Moving and Conditioning Associa-
| il 2 fion (ARMCA)L These units were established
as the internaticnal standard units {51 by
HP Watts the Intermational Standards Qrganization
| FOWER 1 A and have bean approved as standard by at
i 00134 ¥ least thirty countries.
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MNOTE: Data shown in this literaiure are believed o be correct; however, they are subject to responsi-
ble deviation and shewld not be used for specification purposes. Busch Int'l, canne take responsibility

Fan EﬂgiﬂEEﬁﬂg Dara (Cont’d) for its accuracy il this information is used in proposal, manufacturing or ather activities.

Air Density Variations Due to Temperature and Pressure
DENSITY ~ 1/ABSOLUTE TEMP. (°R)
DENSITY ~ ATMOSPHERIC PRESSURE

18

EFFECTS ON FANS:
- SP ~ DENSITY
14 70 VP ~ DENSITY

BHP ~ DEMNSITY

DENSITY  =0.075 3(EE’DDH ) x (F%)
NEW' : LB/FT 460 + ﬁFNEw 29.92" Hg

Saatic pressure (5P, in. water gage
=

1
e
=]
Brake hassepower (BHP)

B J e ] an
4 l —20 Chemical Composition & Molecular Weight of Air
|
1 | —i0 TB% N, (NITROGEN MW 28)
R T 1 I ST, 21% O, [OXYGEN MW 32)
0 Y 10 15 0
S e w 106 A (ARGON MW 39.3)

100% AIR (MW 28.94)

The fan's actual operating point is at the intersection of its

static-pressure curve and the system's resistance curve

Fan Efficiency Total Pressure
PR AIR HORSEPOWER T A SOMETIMES 11:!SED\ FOR H_.?TiNGN.ﬁ.Allr:rt . .
' " SHAFT HORSEFOWER % ALSO USED TO CALCULATE FA ORSEPOWER.
'" TP =8P +VP
TP, =TP. rier- TP oo
MEGH. EFF. = cnXSPM o 005 Fan = | Pourier = Thmie
SRR BPeun = BPoaumier = SPier = VP
. EXAMPLE: IF VP .=0.8" H.O and SP, r=23" H,0
STATIC EFF. = = X 100% THEM TPy, er= 29" H,0

System-Effect Pressure Loss for Inlet Obstructions

Dilution Ventilation
Pressure loss, in. water gage

Dilution Air Volumes lor Vapors

Distance from inlet 3,000 4,000 5,000
to obstruction ft/min ft/min ft/min Cu. ft. air par pint of liquid evaporated =
3/4 inlet dia. 0.1z 0.22 0.34 403 x 10° ¢ {sp.gr. liquid) x K
1/2 inlet dia 0.23 040 062 MR Rr WENR o NG
; : : ; : ; K = Safety factor to maintain concentration well
1/3 inlet dia. 0.38 068 1.07 betow TLY and varies from 3 to 10
1/4 inlet dia. 0.58 1.05 1.88

Dilution Air Volumes for Fire and Explosion
Cu. ft air per pint of liquid avaparated =

403 x 102 x {3p. gr. liquid) x C Hor Standard Alf
molecular weight of liquid = (LEL} = B

C = Safety factor which depends on percentage of LEL for

Fan System Effect Factors

Preasurs |ogs, in. water gage safe condition. Divide 1.0 by per cent of LEL which
Round, milered albow Square-duct elbow is max. allowable, For example, if vapor concen-
Diai Bt e Mullipieces WRRkoul vanes With vanes trations are to be maintained at not more than 25%
#it yelscity piece RsD=1 RA/D-2 A/D-1 RA/D=2 A/D=1 R/D=2 of LEL.C =100+ 0.25=4
Elbow at inlet B = 1.0 for temperatures up to 250°F; B = 0.7 for
3,000 #min 1.8 0.7 0.6 0.7 0.5 0.3 [} temperatures above 250°F
4,000 #/min a.2 1.3 1.0 1.3 04 06 03
E000 ft/min 5.0 1.8 1.5 18 13 k] 04
Elbow 2 duct dia. away
3000 ft/min 1.2 04 0.3 0.4 0.3 0.2 01
4,000 ft /min 20 07 06 07 05 04 02 WARNING:
5,000 ft/min 30 10 o 11 0T o0& 03 Since health and safety are involved in the caloulation of
Elbow 5 duct dia. away dilution air valumes, experts in the figld of health and safety
3,000 :“”“"" ':‘-g 3_3 gg g-i 3'13 g'; - should be consulted when making such calculations, The
4,000 f1/ min 1 \ : above data are for estimatin
5,000 f/min 15 05 05 05 04 03 02 B PHIS s S0




Psychometric-Related Data

Properties of Saturated Steam

Gauge Temp | Lalerd Gauge Temp. Ladam
Press, B Heal Press. “F Hesl
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Electrical Engineering Data

Annual Energy Costs for AC Motors

BHP .05 .06 .07 .08 .09

Electrical Power Rate (S/KWH)
BHP .05 .06 .07 .08 .09

o 218 254 291 327
T, ETE 327 381 436 490
1 363 436 508 581 653
15 545 653 e 871 980

2., T2E 871 1017 - 1162 . 1307

3. 7089 71307 " 1525 - 2743 - (1960

5 1815 2178 2541 2904 3267
7.9 2723 3267 3812 4357 4801
10 8631 4357 « 5083 . 5809, 6535
15 5445 6535 7E2d4 8713 9802

20 7261 8713 - 10165, 11618 13070
25 9076 10892 12707 14522 16337
30 10892 13070 15248 17427 19605
40 14522 17427 20331 23235 26140
50 18158 21783 25414 20044 32675
60 21783 265140 30496 34853 30210
75 27229 32675 38121 43566 49012
100 36305 43565 50827 58088 65350
125 45382 54458 ‘63534 72611 81887
150 54458 65350 76241 87133 98024

Above Table Based on 24 Hr. Operation, 365 Days Year

Above Costs in Dollars Based on Following Formula: Cost = BHP ¢ —LIERW £
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Types of Electrical Enclosures
NEMA Classification

TYPE 1 — Gensral Purpose — Indace

TVWPE 2 — Duiparacd — Indgor

TYPE 5 — Dustigni, Raintight and Slest-Aesistard fos-Fesisiarg —
QDutdoor

TYFE 3R —Ranprool and Sloel-Resatan |ice RBessian) — Suldoor

TYPE 33 — Duslligh. Rantighl and Sieet- Proal loe Proal] — Quidooy

TYPE 4 — Waneright and Dustighi — ngdoar and Culdaor

TYFE 43 — Watartight, Dustight and Civroaicn Aesistant — Indagr
and Outdoar

TYFE & — Dustigh Ingiagr

TYPE & — Suvbmeraible. Waterhghi, Dusibgnl and Sieet-Resstant
floe AesiswEnt — Ingdor and Qutdoce

TYPE EF — Sulmersible, Watertighi, Dusthghl and Sleet: Resistani
floe-Aesislang — Indoar and Chiddoar

TYPE 7 — CLass L Group D Hazargous Ledalane — Indacr

TYPEQ Cileds L Growps E F and G Hazardous Locatiars — Indoar

TYPE 'Z — Indusinaad (lsa — Dustight and Cripproal — irdoar

TYPE 13 — Cillight a0 Dugtighl — fingoarn

CFM-THOUSANDS
Quanlites shown are based on bieeding off an

amount of water for dilution purposes equal to waler
quaniily evaporated,

Rules of Thumb (Approximation)

Al 1800 rpm, a motor dvelops 3 1B-ft per hp

At 1200 rpm, 3 motor develops 45 1A per bp

Al 575 volts, 2 J-phasz motor draws 1 amp per hp

At 460 volts, 3 1-phase motor draws 125 amp per bg
At 230 volts, 2 J-phas2 mator draws 2.5 ame per b
At 230 volts, 3 single-phase mofor draws 5 amp per hp
At 115 velts, 2 single-phase motor draws 10 amp per hp

Motor Speeds
Syrecheang Full Log Gametranguy | Full Losd
H.F "‘Scm g Bl BLEL ' ‘;m
B Log 1 140 3600 35w
1800 1783 3 1830 1T70
L 1200 1153 1200 Ts
3600 3600 3550
L 1800 bl Laoo iTma
1200 1165 1200 1153
7 3600 3550
2| TR | BB | w | em | i
1200 1188 14 BI
800 3963
1 1800 ik | = L8O 1780
L2060 FRFL N - L2300 _1180 |
3600 3500 IR0 5hT
3 180G e i8co 178
1200 1173 ,3'2"2' 1180
v | Mo ||| Gmm | e
1200 1174 3.:.;“.5. ;!I.g:
I60 3518 i -
0 1BCD i7e0 | 1P iaca it
1200 1170 1 A3
3600 B 00 3570
1 1800 1TT0 | 1w 1800 1785
1200 17 12000 ,ﬁgl}
3600 3550 o
m LA 1rrg | 1500 1785
1200 1180 130 L18%
000 3830 | 10 300 3570
-] 1RGO 1165 1800 1783
1200 1180 | 180 TTHE
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Sound Characteristics

Sound Power Level
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Building Terminology
Tap chard T
russ
Purlin bracing Disgonal Viestical
5?.:;: 'qu chard
Botrem

Sag r

Wall bracing
Indivichial shapas, mechanically fastenad

\»/

L)

Wiind column

Dissipate Heat Losses Tt | | ] T T
from Electrical Equipment wni . GCFM |
- K [constam| | | | |
— i} e [ T EXAMPLE: fasume desired
h o | rew of Figom Pressurcstion in
: | 825 In. w.g., airtow inta toom
| = b 40t— From this curve k- 1628 A L=l lox Zak 4 }
| = LS L
™ \ = Thiees man aliowssis beak Thik curvi presents i
- i ' el R BOOD o mathed af determaning max
. | = | 5 T+ | allewabin irakags smea (A}
wo | \ | 3 % s +— in a Boom i same min. static .
E 1 | w | | pressure (F,] Is 1o be main-
= @ | tained in the Room and with
a4 e} £ | \ | - | /. Ewcetarmind air flow (Q)
] w \ | .Il G o e 3 i This curve can also be uied  —
E i = o determine Goar P,
g i ® l | H uCtisst Rocem opening Is less
Cangras Jpa \ | el tham A" ks derived from
/ H | | —— " pet 1 ihis formide, & Prassiee Ralisd —
o - b | Dmper shauld be waed 1o
L ! o | [ limit max. room pressure
: | BTUH =CFM x/\T x 1085 BRI
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Engjn r?‘ng Data Alanbabl CFw MR S OAMATT LIGE Curvd RR-A7 &
Conversion Factors Weight Steel Gauges and Weighis
LENGTH POWER PRESSURE FORCE
1im =254 cm the =Ta57TW 1 Pa = 1 W/mE TH = 100,000 dy 11k = 7000 Erzins THICKNESS WEIGHT |
1Ft = 3048 m 1hp =530#%-lb/sec 1Pa =10 dy/cm? 11k = 444,840 dy o ; = GAUGE - |
1yd =@144m 1hp =3300M-b/min 1Pa = 000145 psi 1N = 22430 b GruinsiFt'x 4TS 2 107 = Geans/Ft inches | mm | Ib/FIE | Kgimi |
1 mi =180893Km 1hp =7604kg-m/ssec 1psl = 63943 Pa 1N =1 Kg-m/sec? Seains It € 2768 % 1 = MiogramssN oo 578 [95de0 1500 | aaea]
1pau. mi=1,1516mi 1 hpm = 7500 Kg-m/sec 1psi = .0703 kgfem? 1dy= 1 g-cm/sec? ] 2 Trd. [ RA500°] 10.200 | 49835
= 2 w0 ki 1 F
1 lb/Ft? = 4886 Kgim BrarFI o 2260 2 AF = Millgrans/N | o 1644 |a1748 | Gars |33sa
VOLUME HEAT WORK/ENERGY AREA Brams 1 146 x 10 = Pounis 10 1345 L4183 | 5625 | 27483
1in* = 163871 ¢m® 1B = 777.97 Ft-In 1Ft-lb = 1.3558 J 1in? = G.4516 cmif 12 104k | 2EEE8 [ 4575 | 21378
1F1 = 0283 m? 1hp = 2545 Btu/hr 1%W-sec = 1 J 1Ft = 0829 m? 1 Gl af Water - 334 It T4 | D747 | 18974 | @125 16264
1F# = 7.46 gal 1hp =101dmetrchp 1 Kw-hr = 3.6 x 10° J 1yd?= B361 m? 1FU Water = L4 I AR o oo s e
1FH = 285316 1 1 hp =.0761 boilerhp 1 erg =10-" J 1 mi? = 25899 Km? 1B D4TE | 12141 | zooo | Grre
1 yd? = 7646 m? 1kw =3414 Biushr lerg =1 dy-cm 1FI Lot Eaity = T5 1 i G L i d e 6
1 Tan = 12000 Btu/hr 1 kw = 10" ﬁrgslrsﬂc 5 R ag 02an 7505 vee0 | BaDT
TEMPERATURE 1FE Alaminem = 1685 Ik : — Eaee T P
oE = o 4 =579 (°F- om - SE4 B B 4 1 E :
F=9/5°C+32 Cmaam P et R Erate 1 P12 Steel = 430 B ¢ 26 078 | AS4T | 750 | ‘REE4
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FAN STATIC FRESSURE

Nomograph for Estimating Fan* Sound Power Levels
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Air Volume Requirements For Room Pressurization
Air Volume Required to

Air Volume Reguirements for Room Pressurization

BUSCH INTERNATIONAL owson of susct co

904 MT. ROYAL BOULEVARD « PITTSBURGH, PA 15223 « 412/487-4131 « FAX 412/487-7T1086

Bulletin AEG » 02090 » 5M « Printed in USA,



