
FRICTION AND SHOCK LOSSES IN SOME AIR-CONVEYING
 

SYSTEMS USED IN AGRICULTURAL APPLICATIONS*
 

Engineering 

In the design of air- conveying sys­
tems, such as those employed in many 
batch-typ e agricultural product dryers 
and in some livestock shelter ventila­
tion systems, the need to minimize 
pressure losses is of cr it ica l impor­
tance. Any increase in pressure re­
quirement of a system results in a de ­
crease in air flow rate or an increase 
in power required to maintain a gi­
ven rate of flow (I ) (2). A carefu l 
analysis of the component parts of 
a system reveals its weaknesses and 
quently permits improvement of the 
aerodynamic design. 

The general subject of pressure 
losses in fluid-conveying systems is of 
wide interest, and procedures that 
have been well established can be pro­
fitably used in the design of the sys­
tems mentioned above. The results of 
extensive investigations carried out 
in the field of heating and air con­
ditioning to evaluate pressure losses 
in ducts, are likely to be of particular 
interest. In addition, numerous stu­
dies have been made by agr icu ltu ra l 
engineers of the resistance of grains 
and forage to air flow, the results of 
which are of value in dryer design. 

Fig .	 J Air flow in a perfo ra ted floo r dr ye r . 
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Fig. 2 Air flow in d ve nt ila t io n syst em hc vinq an 
exten d ed p le num sup p ly d uc t . 

There is a wide variety of applica­
tions of air-conveying systems to ag ­
ricultural problems and different 
layouts can be employed in each ap­
plication. For exam ple, farm constuc­
ted batch dryers may be of a perfora ­
ted floor type (Fig. I) or of some 
other type ; the ventilation system 
shown in Fig. 2 is only one of many 
possible types. Despite the numerous 
variations the same basic com ponen ts 
are emp loyed in most systems and as 
a result there are only a few different 
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sources of loss. The loss in each com­
ponent of a system can generally be 
evaluated separately and used in com­
puting the tot al loss. 

Sources of pressure loss, som e of 
which will exist in all air-conveying 
systems are: 

(a)	 Changes in duct cross-section. 
(b)	 Duct friction . 
(c)	 Change in air velocity at take­

offs . 
(e1) Constrictions in th e path of 

air flow. 
(e)	 Re sistance of a bed of material 

to air flow . 

Changes in Du ct Cross-Section 

An increase in duct cross-section , 
such as is shown in Fig. I, results in 
a shock loss due to change in air velo­
city. If th e expansion is abrupt anel 
symmetrical (Fig. 3), the loss, H, in 
inches of water, is given by Eq. I. 
This value is sometimes referred to as 
the Borela loss. 

I-	V2)'(V	
(I)H = P 1096.5 

If p, the air density, is 0.075 pounds! 
cubic foot, 

'1005 )'H ( V,- V, (2) 

V" V, = inlet and outlet velocity 
respectively - feet/min. 

Water density is assumed to be 
62.3 pounds/cubic foot. 
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Fiq . 3 Pressure loss d ue to ab rupt eepe nvio n.... 
He ad loss in inche s of wa te r is eq ual 10 

If the transition piece is tapered to 
allow gradual expansion, the pres­

sure loss is less than for an abrupt 
transition. For example, the minimum 
loss for a rectangular taper, with two 
sides parallel, having an outlet to 
inlet area ratio of 2.25: I, occurs when 
th e angle of divergence is 11 0 (3). For 
this case the loss is approximately 
16';{ of the Borda loss. 

Another method of reducing pres ­
sure loss is to use a Gibson enlarge­
ment (3) in which case the transition 
section is ta pe red for a portion of its 
length and the taper is followed by an 
abrupt expansion (Fig. 4). For a 
rectangular section, the loss in a well 
designed Gibson enlargement is tbout 
90/A of that for an ideally tapered 
section. The ta percd section has to be 
much longer to give mi niruu m loss 
and friction loss becomes important (4) 

Fig .	 ~ A Gib so n en la rg ernent. 

A third method, described by Bel" 
ry (3), of the reducing loss due to 
duct area change, is to employ a nurn­
bel' of small, abrupt expansion s in 
series. The loss occurring in each of 
these is given by Eq . I and the total 
of these losses is less than that [or one 
abrupt area change. 

Head loss occurs if th e du ct cross ­
section is reduced (5) and can be ex­
pressed as follows: 

H = C ( 
V,1005 )' 

(3) 

V, = velocity following the ar ea 
reduction - feet /min . 

C = a constan t that dep ends on 
the type of en try . 

It lllay be as high as 0.4 for a sharp 
cornered entry and as low as 0.000 I 
for a lon g radius cor ne r. 

Static Regain and Du ct Friction 

As air flow s along a su pp ly duct 
part of it may be drawn off through 
perforations ill th e wall or through 
takeoff ducts (Fig. 5). If the cross­
sectiona l area of th e duct is constant 
throughout its len gth (a n extended 
plenum) th e air ve locity will de crease 
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and th e phen omen on of sta t ic pres ­
su re regain will occu r. 

Fig. 5 Sup p ly duct and branch .e keott . 

T he importance of sta t ic regain in 
ducts lies partly in its effect on local 
static pressure a nd therefore on the 
lo cal rate o f efflux . A variation in s ta ti c 
presslire a lo ng a supply duct, to which 
static regain contributes, m a y have a 
significant effe ct on the lo cal rate of 
efllux for a ventilation svstern but the 
effect is likely to be small for a dryer, 
whi ch, because o f its h igher op era ti ng 
pressure, the effec t of the variation 
due to regain will be relatively sm all. 

Lack o f space does not permit a 
di scussion of regain effects . I ntormat ­
ti on rel at ing to regain across lateral 
takeoffs is giv en by Nelson (6) and 
Ashley (7), a lso an in vestigation of 
air flow th ro ugh a tiny slot parallel 
to the du ct axis, and therefore simi­
lar in na tu re to th e perfora ted wall 
cas e, was carried out by Koestel a n d 
-1 'live (8). 

Friction loss . iu inches of water, in 
air ducts can g enerally be ex p ressed 
as follows: 

[1 =fL ( V ) ' - p -­ (4)D I0 9!i,5 

1'= Irict ion Factor 
L =du ct length - feet 
p =air density - pounds/cubic foot 
V=air velocity - feetlmin 
D =du ct di am eter - feet 

F or rectangular du ct s with dimen­
sions " a" a n d " b" th e head loss is the 
sa m e as 1'01' a ci rcu lar duct, of equi­

. . D 2ab
val ent leno·th, 01 diameter = - -b 

h a+ 
and c<1rrying air at th e same velocity 
V. II P eq ua ls 0.07 5 pounds/ cubic ft., 

l-! = l L I (V ) ' u P .]llO!J (5) 

f lead loss ch arts a rc available for 
shee t m et a I ducts, bu t for other ma­
te rials the evalu ation of the fricti on 
Iacror I a nd the use o f EL] , " or 5 is 
usually necessary to fiud the head loss. 

Eq . 5 g ives th e head loss where the 
Iluid velocity is the sa me throughout 
a length o f du ct bu t if th e velocity 
varies al ong th e duct , as is the ca se 
fo r ex te nde d pl enum ducts with take­
oils, the loss, if computed using Eq . 
IJ, must be calculated sep a ra te ly for 

each sec t io n in which the vel ocity is 
different. Christiansen (9) presented 
a relationship which consists of a mo­
dificati on o l the Darcy equation mul ­
tiplied by a correction factor F to 
g ive friction head loss in irrigation 
header pipes, when the volume rate 
o f efflux is the same at a ll takeoffs, 
a n d th e sam e distance separates suc­
cess ive tak eoffs, The same factor F 
ca n be used with Eg . 4 or 5 to obtain 
the fri ction head loss between the 
lirst and la st takeoff of a n extended 
plenum air duct. 

V is the air ve loci ty before the lirst 
takeoff. 

H =1' f LV)" 
D ,) (1096.5 - . (6) 

F I Jill + I 
Jll + ~N fiN ~ 

N=number of spaces between out ­
lets. 

m commonly assumed equal to 2. 
For the case of a perforated duct 

the number of takeoffs N would be 
very large and 1" would be approxi­
matel y 0.333, co rresponding to N 
eq ua l to inlinity. 

Alternativel y, using Eq . 4, st ep by 
ste p ca lc u la tio ns lead to an approxi ­
mate e va lu a t io n 01 friction heac! loss 
in the duct if the rate o f elflux at 
ea ch takeoff is estimated first and 
used to calculate lo cal du ct velocities. 
This value ca n be improved by est i­
mating the am ou n t of st atic regain 
based o n the assumed takeoff rates 
and m"a1<.ing' a second estima te of the 
rate at efflux at ea ch takeoff. 

SIwek Loss Due to E n ter ing Tak eoffs 

The pressure loss due to en ter i ng a 
branch takeoff is caused by turbulence 
a n d stream contraction resulting from 
the change in direction of flow. It is 
usually g ive n o n a no-length basis, the 
normal fr ic t io n loss being subtracted 
Irom th e total loss m easured between 
th e points of o bse rva t ion . 

HT = T.P.u - T.P.b - Lf 

HT = takeoff loss (7) 

TPu , TPb = respectively total pres­
su re at the observati on points in the 
supply duct upstream from the take­
off, and in the branch takeoff. 

Lf = normal fricti on loss between 
th e observation points. 

A dimensionless lo ss coell'icicnt for 
takeoffs is 

Xb = I-IT 
V.P.b (8) 

V .P .b=velocity pressure in the branch 

Data on butt connected, circular 
fittings a t tached to ex te nded plenums 

a rc presented by Korst ct a I (10) Holl 
et al ( 11) Gilman ( f2) and for re c­
tangular divided Ilow fittings by Mil ­
ler et al (13). 

It is demonstrated that the takeoff 
coefficient (Eg. 8) for circu la r, butt 
fitt in gs is ef fective ly independent of 
the Reynolds number a t high R ey ­
nolds numbers but in creases a t low 
valu es of this p arameter. The take­
off coeff icie n t depends o n th e rati on 
VbjVu, a n d on the du ct to branch 
area ratio. 

Fo r a takeoff angle, ;' , (f ig . 5) ol 
90° the branch takeoff loss (9) pre-
dieted by 

2Xb = 0.5 + Vb . (9)
---vu 

is sh own (7) to ag ree well with ex­
perimental results for a takeoff to 
duct a rea ratio of O.J4 and for takeoff 
to duct vel ocity ratios a bove OA.xl), 
[or a takeo ff to du ct area ra tio o f OA9, 
however, falls considera bly below the 
value predi cted by Eq . 9. It seems 
that Eq . 9 shou Jd ge nerall y apply for 
small take o ff to duct area ratios . 

The use o f a conical tak eoff materi ­
ally reduces the takeoff loss (9). 

A redu ction in the takeoff angle 
below 90 0 ge nerall y reduces the take­
off loss. The loss coefficient for one 
system (9) with a takeoff angle of 45 ° 
was found to be between 20% and 
30',1;) o f that for a 90 0 takeoff angle, 
for branch duct velocity r ati os be­
tween OA a nd 3.0 It is also demon­
st ra te d (12) that a natural angle of 
efflux, whi ch is ap p rox im a tely pre­
dicted by 

Vb (10) 
\7U cos a 

gives th e m inimum takeoll los s for th e 
parti cular velocity ratio . 

Cons trict ions 

A perforated wall of a ve n t ila t io n 
system or dryer imposes r esistance to 
the p assage 01 air throu gh it. Hen ­
derson (H ) (15) co rre la te d pressure 
loss through perforated sheets su P: 
porting grain in terms of the depth of 
clean g ra in "1)" in feet which would 
have caused the same loss, and the 
percentage at sheet a rea "r" occupied 
by openings. When shelled corn co v­
ered the perforated plate he found 

1.55
 
Dp = 7.4 0
 

(I I) 
For soybeans 

1.27
 
Dp = 7.30
 

(12) 
For oats 

1.62 
I>p 5.25 ( 13) 
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The calculated value of "D", when 
used in conjunction with the resis ­
tance value for the grain (27), gives 
the pressure drop through the plate. 
Resistance at Beds at Mat erial to 

Air Flow 

Since it causes a major part of the 
resistance to air flow in dryers, the re ­
sistance of beds of grain and forage 
to a ir flow has been the su bject at a 
considerable amount of research. The 
results can readily be used to calcu­
late pressure drops for one-d imen­
sional flow problems, but with diffi­
culty in problems involving two or 
three-dimensional flow patterns (16) 
(17 (18). 

The resi stance of hay to air flow 
has been studied by a number of 
investigators (19) (20) (21) (22) (23) 
(24) (25) (26). Gillou (27) presented 
a relationship for pressure drop 
through ver t ica l columns of ha y. 

Data for resistance of a number of 
grains to air flow are given by Shedd 
(28), and the Agricultural Engineers 
Yearbook (1958). 

Since th e resistance is p roportional 
to th e thickness of the bed, and the 
rate of air flow, it is desirable to 
keep the thickness at as low a value 
as is consistent with effi cient use of 
drying air. 

Closure 

It appears that an in sufficient 
amount of work has been done to 
formul ate accurate, generalized equa­
tions, for some of the for egoing 
sources of loss. However, an estimate 
based on the information obtained 
from research 'with a limited number 
of geometrical designs, a limited range 
or number of ai r flow rates, or 'with 
substances whose physical properties 
may not be completely specified is 
likely to be materially better than an 
unaided guess. 

Frequently it is not necessary or 
practical to design livestock ventila­
tion systems or agricultural dryers 
with extreme care regarding pressure 
losses. It is likely, however, that a 
general appreciation by the de signer, 
of the causes of pressure lo ss will 
permit him to incorporate, with lit­
tle or no cost in money or t ime, fea­
tures which will reduce th e pressure 
against which th e fan must work with 
consequent improvement in system 
performance. 
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(C on i inued f rom page 14) 

too distant future a sa tu ra tio n point 
may be reached in terms or loca tions 
where these plants ca n operate econ ­
omica lly, but it is Ic l t they should be 
p romoted with full impetus until that 
point is reached. W ith the inter est 
in late years in better seed cleaning 
facilities, much interest is developing 
in scaled down ver sions of these sta­
tionary plants-in other words a plant 
capitalized at $10,000 to .$15,000 
cleaning 75,000 to 125,000 bushels 
an nua lly. Many small mixed fanning 
areas whi ch cou ld not econom ica lly 
op er at e tile larger plants could well 
alford the latter. 

I t is up to Agrologists to promote 
bet tel' seed through i111proved seed 
cleaning facili t ies. Improved cu ltur­
al practi ce and use 01 che m ica ls is 
continually being stressed . \ IVhy not 
then , stress proper seed cleaning and 
seed gra d ing to lessen the com pet it ion 
of weeds and to grow cleaner, more 
healthy crops? This will result in 
greater yield and returns, which is the 
same basis as for th e use of cultural 

and che mical control pra ctic es, 
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CORRECTIONS 

MacQueen, DOSIMETRY AND RAD IATION FACILITIES , P . 6 

P . 6 Co lumn	 1, - Line 12 should be deleted . 

P . 8 Co lumn 1 , - Il lustration at bottom of page should be inverted .

Hedlin, FRICTION AND SHOCK LOSSES IN SOME AIR-CONVEYING SYSTEMS 
USED	 IN AGRICULTURAL APPLICATIONS, P . 15
 

' V ,2
Eq . 2 sh ou1dread	 (1 - V2 \ 

\. 4005; 

Fig . 3	 "Hea d loss , in inches of water, is equal t _ / VJ ;\ 2 "-shoul d be 
~ 400~	 del ~t ed . 

Eq . 5 - de lete "p"
 

Eq . 6 The expression following Eq . 6 should read :
 

F = 

Eq . 8 should read 

X = HT 
b V.P .b 

P . 16,	 Column 3 , Line 11 - " r-a t .io n" should read " r a t i o" 

P .	 16, Column 3, Line 20 should read 

--"duct velocity ratios above 0 . 4 . The loss Xb for a takeoff 
to - - - - - - " 

The angle	 theta in Fig. 5 is the same as inverted e used in the text . 

P .	 17 Reference 2 - Kramer i n s t ea d of Framer 
II 8 - Tuve instead of Tauve 
" 9 - Christiansen instead of Chrisiansen 


