584 ’ CHAPTER 32

points of velocity change, the amount of conversion is sel-
dom known, a.nd t.herefoxe, most fan tables list only the static
the system
Aceordmg to i.he Standard Test Code?, the eﬁimencxm
may be determined by the formulas:

Mechanical (total) Efficiency =
(cfm) X total pressure (inches water,
6356 X horsepower input

Static Efficiency =

(efm) X static pressure (inches water)
6356 x horeepow:r input

Stahcpmsmmusedmomofteuthnntomp
likewise, static efficiency is used more than mechamed effi-

ciency. However, where a high outlet velocity can be effec=-

tively utilized, the static efficiency fails to be a satisfactory
measure -of - performance. When a Vfa.u operates a@mst no

ist, the static eff zero and is
less: Under such i many prefer to use
mechanical efficiency. .

The noise characteristics of a fan are also an mport.u.nt
part of the fan periormanca, and must be evaluated for most
fan installations. Fan noise is reported in terms of sound power
level in’ eight octave bands.. Noise levels ‘of fan installations
may be pmdmwd by use of the sound power level values.
The method i in:some detail in
Chapter 14, Sound Conu-ol e
. The technique of mm.mng the sound power level ouf.put
.of afan has been well i and is
:in the Air Movmg and Condmomng Amquatmn Bulletin
3003 A more detailed method i3 described in ASHRAE
Standard 36—62 entitled Measurement afSound Poyer. Radi-
.afed _from Heating, Refrigerating, Aw C'ondalwmnq
Equipment.

FAN LAWS*

The puformancs of fans of all types follow eertun]aws
which are useful in predxctmg t.he effect upon perform._mce. of
h in the it of o tion, the duty q d
of the mxtnl]ahon or the size of the equipment due to the
Epace, power, or speed limitations. In the following laws,
groups 1 to 6, Q = air volume and P = static; velocity, or
total pressure.- The laws pertaining to fan size apply only to
fans which are geometaieally gimilar, ie., those in which all
dimensions are pmpumnnn.l to some Ime:u' dimension dénoted
as size. If the size number is also Linearly proppmonnl, it
may be used, otherwise, wheel diameter is commonly used as
& size criterion.

1. Variation in Fan

I
Vanuuaq\meof!anspeed. i
AVmﬁnswbeoffanspeed. -

nstant Air Den.nuti
mnn:—Fxxed Point Rnung
mu a8 square of wheel diam
lmmma constant. R
- Varies-inversely .as wheel dmmefgr
" Varies as square of wheel dm.mefgr

Fan Pmpomnnn—Mued Pou:t o? Raung ¢

------- Fixed Fan
) Q:

bl 4
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(a) Q Varies a8 cube of wheel diameter.
(b) P. Varies as square of wheel diameter.
() 'I‘ip Speed: Varies as wheel diameter.

(d) Power: Varies as fifth power of diameter,

4. Variation in Air Density:

Cl Volume—Constant System

Fixed Fan Size—Constant Fan Speed
Constant.

Varies as density.
Varies as density.

5. ganatwn in Air Density:

Pressure—Constant System
7% Fixed an Size—Varisble Fan Speed
: : Varies inversely as square root of dennty
it

Varies inversely as square root of density.
Varies mvemly a8 square root of density,

> in Dénsity :
lennl Wmlu oI Aw\—(}mshnnt Syst.em
Size—Variable -Fan Speed -
inversely as denmty
inversely as density.
i inversely. as density.
Vnnu mv:mly as square of dmmty

<Emmple 1 certain l’an delivers 12,000 “efm av. a- static
prmmofluofmmrwhupemtm;ntaspuduf(ﬂ)
rpm and requires an input of 4 hp. If in the same installation’
lS,wO cfm ’m dcsred wtust will b the speed “static prﬂsure,

; 1 - " .
‘ .’ Spwd’nlmx——-—s’m-erm . ’

so0\s,:
-1 x ()

“ Bzam
pormal etric pressure {density 0.075

rpii, ‘and lft.hcnrtempenhn:ls

MF(dznstyOMRlb) a.nd'.bespeedoldxe tmremmn!
wmboche andpawer'l

t.hc m, whnt mh:: presure

Pt Suucpmm-lxrm-omm..

LT ooem
Powar:()smnamhp

Ezample.5: I ':{;e speed of the fan of Bmmple 2 is, in-
credsed .50 'as to produce a mucpmuunoflm of "water
. e speed upaaty, atatic

as
st 7OF,

Capulty = 12000 X

Yo 13.392cfm (mmured at Zl) Fy |

[ RN

i

woy o o

= 781hp : : . :
(400)' e

Aeertamhndehvers 12,000 efm athand’

Ib per.cubic foot).

atnmﬁcp:mumn{lmof“tuwhenopemhngatm.
increased to

T Poier'm 4 X 1/_°..__-~4.4e‘hi': T
0060z . -

ey 2 eanein = oy ae -

_fans.

If the speed of the fan of the -
Em?b ¥ 80 a3 to deliver the m:vfé;'{.’f‘fr?u
“zx)Fnsn mFiwhatwﬂlbetheMupmAy, static

pmne. .
spged mx——-=498rpm

'Dmfnnlnwsmted may be combined w glve other overall
values. One useful combination is the product of Laws 1and
3, w!nch g)ves the fo]lowmg relations: -,

Cnpau vmmuthemhoofmembed,hmesthemho

« of the rpm._

Pmmvmesuthemnnofmaquand times the atio
of the rpm squared.
Hmuepowervmesuthemtmofthzmhﬁfthwwex,
hmatberahooftberpmwbed_

z pb Asummg that a fan th.h a
biast ‘wheel ! wﬂl dehve{’mlz}!:) cfm at 70 F
pmsum, xequmn; 40 e when o ting
what is the pd per g‘
imlnvmgt(ﬁm.wheclattheumespeed? .

 Capasity -.(55) x (ﬂo) X 12000 = 23,400 ofm..

SRR
- -.Btatic pressure = { — ) -
e = ()

-Fan performance curves are the. gmphu:a! prwentahnn
(at a stated speed and air density) of the relation of : total

pressure, static pressure, power input, and mechanical effic
ciency, and static efficiency, to actual,volume, for the desired
nngeofvoluma.lﬁg.2 3md4lllustmteperformanee

istic) curves of various types of

Centrifugal fanss may be roughly divided into three
dm (1) those with the tip of the blades curved forward
in the direction of rotation; (2) those with straight radial
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Fig:'2....Percentage Performance’ Curves of a-Forward-
Curved Blade Centrifugal Fan

PER TONT OF BLOCKED TIGHT PAESSURE-

" MAXIMUM HORSEPOWER =
N

o

o

thé'enclosed air eolumn fmd (2) imm the kinetic energy im=
prted to the air by virtue of its velocity leaving the impeller.-
This velocity, in turn, is & combination of rotative veloc:ty
of the impeller and air speed relative to’ the impeller. When'
the blades tip forward, these two velocities are cumulative,i
and when' backward, oppositional. Thus'a fan with forward-*
curved blades depmd.s fess on oent.nfugal force for-its pres-*
sure, nnd more on velocity pressure éonversion in”the scroll,
with the result that it may run at relatively low speed. Con=:
versely, a fan having, backwardcurved blades builds up
more"of its pressure by centrifugal force (a more efficient
formn of eneigy transfer) and less by velocity conversion and;’
therefore, must run at a higher'speed. Likewise, a fan hnvmg
forward-curved "blades’ will d the
ofmytypeofthemmemwhenopenhngsgmnztnom—
sistance. . -
Sincetheergylmparwdtothewdependsunthe
velocities, and since the velocities are cumulative with a fan’
having forward-curved blades, the theoretical enerxy per,
pound "of air rises rapidly wn.h an increase of air delivery.
With the velocities oppositional in the fan having backward-
curved blades, the energy per pound of air may decrease, and
in a fan having straight blades it is roughly constant. Thus
the shape of .the horsepower curve cleﬁ.nm:ly identifies the
blade a.ngle S i

blades, and (3) those with the tip of the blades incliried
backward away from direction of rotation. They are also
characterized a8 slow speed, moderate speed, and high speed
types, respectively, although the actual speed range of eath
may be wide and overlapping. The highest speed type may
mkuhghuﬁnpemntofthespeedofthelowm
l?PEEt‘ltype,t«:de!xvert.hatzaz:l:levolumeofmrmz(J)esmma
ﬂ::si;ue. The differentiating curvature is always the tip ‘of
; lade,mncememletedge,ﬂmchned,xsa!wnyscurved
I'delmb h:e minimize the shock loss at entrance. Straight
are most uentl; found in pressure

ml;;enﬂ-bandhng fan&fmqt Y P fons Md

entrifugal fons produce pressure fmm two mdependent
sourdes:. (1) from the" centrifugal fdroe .created by ‘rotating
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Curved Blode Centrifugal fan




