= Gentritugaf fan
With zero afr flow, pressure

difference tn horlzontal duet
between A and B equals zero

Q=

el
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<Centitugat fon
WIth zero nir flow, pressure

difference In vertical duct
from A te B equats alr welght

How to Determine Reliable Air_-Flow'?
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For flulds with high Reynolds numbers the frictlon facior depends only an A /4”: 4 ]
pine or duct and h as correiated in thia alr chant 3

4 Calculating chart for alrpressure dropa in plping. Gxample: For alr at
atmonpheric pressure and 60 F, flowing at » 7B-fps velocity through a duct
with a relstive amoothness of 200, foliow the trace and find a pressure drop

of 0.031:In, water through distance equivatent to that of one-pipe

To overcome wide disagreements between air-pressure drops as
found on test and as predicted in handbooks, Arthur H Korn

here describes method for finding data rationally that may

be used with confidence in specifying both duet and fan sizes

¥ Desicwers with no experlence in lay-
ing out specifications for air syatems
find themselves ot s serious disadvan.
toge trying to find reliablo basic dats.
Charis, giving pressure drops for sir
flow through galvanized pipe and round
sheet-metal ducta given in various ref-
erence hand-books, differ by enormous
amounts. Data on air flow through
melal ducts, riveted and lock-seamed,
are apparently nonexistent since none
have been published.

Absolute roughnesses, Table Il, have
been calculated from test data com-
piled by Kemler, but they show too
great o range to be really useful, In

12 {1}

Kent's Mechanical Engineer’s Hand.
book—Power, o diagram for pressure
drop in heating and ventiloting ducts
s relative L
of 200 regardl of pipe g
Mark’s AMechanical Engineer’'s Hand-
book gives n similar chart for velocities
between 1200 and 2400 fpm and a con-
stant sbsolute roughness of about k =
0.006, also regardless of diameter. This
seems low sinee it is at the low end for
naw stecl pipe, Table II. The number
of joints generally determines the re-
H ﬂﬂd heet 1al-duct H
are usually only 2¥4 i long. The ahso-
lute roughness is probably greater than

di
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TABLE li—RAHGE OF
ABSOLUTE ROUGHNESS

Colculated From Test Dota

Abeolute
rougtincss,
Kiod of plpe [ NEN
Cold-drawn plpe.
brasa, copoer, leed 6.000S to 0.0010
New steel pipe 0,003 to 0,018
Naw cant-iron plpe 0.007 to 0.041

the mean value for the new-stcel-pipe '

range in Table I1.

Friction fnctors, given in Design of
Industrial Exhaust Systems by Alden,
yield pressurc drops of only one-fifth
to onc-seventh of those given by the

previous references. These wide dis |
creponcies call for devclopment of s

rattonal approach to the problem.

RATIONAL DESIGN BASIS

Pressurc loss of a fluid, caused by
friction with the pipe or duct through
which it is moving, is generally small
compared with the fluid’s sbsolute pres
sure. The general case for a Auid
fowing upward in an inclined pipe,
forming an angle a with the horizontal,
has o pressure drop® of:

Ap-%-{-d‘dna [{}]

The last member of the equation repre-

.lhll Il:ldl-;:llllc [l "l::lfl la-;,llbnu‘l\i
) wirme Dres I8 Ploes,
3 hlﬂm lnli”z: Map 3040, op ll-‘l-

POWER ® Janvary 1948

sents the pressure caused by the weight
of a column of Auid of the height, s
sin @ It can be neglected for air at
stmosphesic eonditions. Since this pres-
sure difference in a vertical pipe al-
ready cxists, Fig. 2, before air flow
siarts, it does not have to be overcome
by the fan,

D Jub
A " 0.l|30’m

Friction.Factor.
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“

The friction factor

f varies with air velocity, pipe size, alr

viscosity, air density and the pipe
>

Data for Design of Duct Systems

h These 0

pip; roughness, are sll relsted to the
Reynolds number as in the following:

Dud
R, -~ ®)

Since ap = d.A/12, equation (1)

can be written for air flow as:
124fs"

Aw 7 . v}

Cus density depends on its pressure

and temperature as given by the uni-

TABLE +—RANGE OF REYNOLDS HUMBERS AND VELOCITIES

For Accurate Usa With Frictien Fucters o1 Atmospheric Prassure omd Tempercture

Given valuer of # in secand eotumn are  Reynolds
valid for Reynolds numbers greater than
Rq and for fuld velocitics ereater than

It given values for / are weed for
aumbers &2 Jow sr Ny snd
for velocities as fow ss o! the grestest
error will be lex thens £9) above true

versal gay equation, d = p/R(t + 460). | , below, . value of frletion foctor.
Using this relation and tronsforming I3 Plusd veloclty, o, fpa. Fluid velocity, o, fps,
(2) o give the pressure diop in o . g ig Reynolds  Pipe dsmeter, ta,  Reynotds  Pipe dameter, In.
Pipe of & length cqual 1o one diameter: aumbor number Bl
n ! ) h R. 3 . 12 3 a4 R 3 6 12 % "%
h—~w X @
5 h Lﬂ 3 0.0597 23500 W3 4 2 1 630 2 3 3 03 035 10
F " tHd 2 oo $3.000 33 16 4 4 1 630 4 1 1 03 035 1
R" Strospherlc air, p = 2117 psf, and 60 4.0388 121,000 |1‘I. R L) ’o 3 Ia‘.:’nv . 1’ ,I a8 ﬂ.i’l .
= ’ 0 R 14 121.000 M4 1 10 .300 10 .3 4.0 0. "
533. Woter density is 6243 b | 30 8:00a7  eelooe 270 103 51 48 2 31ie0 20 10 30 2.8 10 13
Percufl, and g = 32.17 1t per sec per 480 0.0198 1,303,000 803 404 202 301 SO0 6. “ 20 10 $.0 135 11
fee.  Substituting  these ieal * Proem equation (6)
values:
POWER o Janusry 1948 {31) 9




