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"’separately on. one branch of a Prasco Band1t pneumat1c

'.fertllizer appllcator\ln order to a}a}yse thelr effect oﬁ

,namely,_a rotary valve and an osc111at1ng gate, were

PR Abstract ‘:ff.ax‘ thfﬁ

The objectlve of th1s thes1s was to ;nvest1gate the

fea81b1l1ty of modlfyzng a pneumat1c fert1l1zer app11cator

”‘to place fert1l1ze; 1n small nests rather than in contanuous

‘,

bands. To ach1eve the'objectxve, two possxble alternat1ves,_”~

'.‘lv

\ oo

:1nvest1gated. Both of these Systems were 1nstalled

La

1?

'lthe overall system.‘The objectlve of analys1ng the effect of

":rsystem was to attempt to introduce mod1f1cat1ons Whlch would

=vhffert1112er app11cator.ff?]ﬂ “5”@253’

”nfboth the rotary valve and the oselllatlng gate on the total

s

e

An evalutxon of both the rotary valve and the

'5fnosc1llat1ng gate were made d“ung hlgh speed photography.ze

'thnaly51s of the h1gh speed fllms allowed determlnatxon of

. b

RS

L not 51gn1f1cantly alter the operat1on of the pneumatlc 1k'7°;ff,ff;

Vf’both the speed of operatlon and the dlstrlbutlon Of

’

fertlllzer granules w1th1n the nest
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Fr - Ergude Number = v/séh[n,g] '%th'f () L
F'.._—’ Froude Number = U,/.SQR[I'Dg"]: R )
g. accelerat1on due-tengavity | .b(n/s’)?““ -
Jk’? constant ’ () o |
K, - arbf%rary A | (Y
'L - length along the p1pe axis _"v(m)
al -i1ncrements of length along line Aé - (m)
M,.- mass flow ratlo Q/M : ’f,;’f--(') .
.M?-‘mass £1low rate-of f1u1d B (kg/s) -
AP; - pressure drop due to clean” air (Pa)

/

.AP;‘— addltlonal pressure drdp due to the presence of SOlldSv

| (Pa)
vaP,-¥‘pressure drop dUe to acceleratlon !(p;)‘
vggéi?~-total pressure drOp : fe (pa) o
;Q,f a;r mass flow ra;e (kg/s) B | i
fR:é; Reyno;aswﬁuﬁber:aefinedgasi‘d(uﬁg./u)' (j)f-?

Xiv
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N

Rz_— Reynolds number deflned as: d(U. -'U;)pp /u '1 Yy

SQR - square root of [ ]

u,f flu1d v;sc951ty - (N s/m’)'”
ng.— actual”fihidfvelocity ‘U, /e . (m/s)
U, - average veloc1ty of air over: the pipe cross ‘section
. .. (m/s) , | .
U, ~“aveqége solid veloc1ty over. the plpe‘cross sectlon
(m/s) L : |
Ut - termlnal veloc1ty of a 51ngle part1cle | "':f' (m/s)
Vo - average veloc1ty ratio . of solids to air
U./0, - (m/s) . T
v, - m1n1mum ¢ransport veloc1ty o ,- (m/s)
v, - settllng velot1ty in an 1nf1n1te flu1d
: SQR[4 g d (p. 1)/(3 Cd)] - (m/s)
Ws *'solld flow rate _ ‘ (kg/s)
¢ - vo1dage in’ transport llnes ‘ <) i
,pl”— arr.densaty; o ) (kg/m ) ;
p. - particle density - (kg/m') b

o - air density where V, was measured (kg/m?)

o - inciihation of the;pipe A ' (dégrees)‘
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1 Introductzon

Rlslng fuel and fertlllzer costs have been 1nstrumental 1n

\‘ BN

creatzng an 1nterest in eff1c1ent fert1llzer use. Exper1ence‘,,

. *
'has shown farmers that the appllcat1on of fertlllzers can,

~

"s1gn1f1cantly 1ncrease crop,ylelds. Hdwever, hlgh levels of
certa1n fert1llzers can cause severe damage to the crop: 1f
applled wath the seed N1trogen fert111zers are among the

‘ifert1112ers whlch w1ll cause plant damage 1f applled w1th

Q

the seed at hlgh rates. ‘

To prevent damage, manf farmers‘have altered thelr
f1eld practlces to applylng n1trogen fertlllzer as a -
' _separate operation from seed1ng. One of the f1rst ‘methods
’:employed to apply. fertlllzer as a separate operatlon from
seed1ng was broadcast1ng Broadcastlng offered the 51mp1estri
cheapest, and guickest method of apply1ng larger amounts of‘
fert1llzer wlthout damag1ng the seeded crop, and W1thout
1nvest1ng 51gn1f1cant cap1tal 1n add1t1ona1‘sophfsf1cated
equ1pment If the broadcastlng operatlon was done ]USt prlorh
to seeding the'farmer‘would often.unknowrngly 1ncorporate.
the'fertilizerbwh{le doing the seeding'operation.'As
researchlcontinUed. 5011 sc1entlsts realized this.
1ncorporat10n of fert1l1zer was 1mportant and resulted in
more eff1c1ent use of the fertlllzer by the grown crop
; Researchers also dlscovered that fall broadcast - fert111zers
did not produce results equ1valent to sprlng broadcast

‘fertlllzers. The lower return from fall broadcast fert1llzer.

Y X
was improved when the fert111zer was also 1ncorporated in



'the fall but sprlng brOadcast and 1ncorporated fert111zer
'resulted in 51gn1f1cant1y better results in the fall |
Aharvest ‘Why was there an 1nterest 1n applyzng fert111zer in.

the fall? As soon as reSearchers and farMers rea11zed large'

'l

- amounts of fert111zer would have to be applled separately
from the seed attempts ‘were made to optbmiée the separate
’operatlon. In western Canada fertlllzer prlces are’ generally

lower and f1e1d cond1t1ons are generally drler 1n the fall
Al

than in the sprzng Slnce -farm labour requ1rements are also

usually lower in the fall than labour requ1rements in the
spr1ng, many farmers are applylng n1trogen fert@lgzer 1n ‘the
fall . R f B SR “ wﬁen" |

.. ".\‘«"

Recent research by many respected researchers has shown -

that y1eld can be s1gn1f1cant1y 1ncreased if fertlkrzer 1s

banded dur1ng appllcatlon. The. hlgher eff1c1ency wh1ch

w v
-results from bandlng fertilizer has 1nduced manufacturers $9_~"

produce\a number of machlnes spec1f1cally for bandlng, or"f;?,,1
I multlpurpose machlnes wh1ch can’ be used for bandlng
fertlllzer and seedlng cereal crops.v |

Pneumatic systems have'a»n”mber‘Of characteristics

whfch are advantageous in,this ppllcatlon.,To -begin’ w1th a
number of the systems can be u ed w1th an exlstlng

_ cult1vator. This lowers the in estment requ1red by the.'
farmer and results in a band1 g un1t which has the same :
worklng Wldth as the farmer S, cult1vator. Slnce farmers
.generally 51ze their cultlva ors as large as poss1ble for

their aya11able f;eld pover | thesewsystems g1vemthe farmer a



"larger and therefore faster system than could be just1f1ed
"solely for band1ng fertlllzer (f1gure 1 1) Secondly, most
"pneumatlc SYStiff have large storage tanks Whlch m1n1m1ze

~ the’ number of requ1red f1111ng stops, part1cularly when high
appl1cat;on rates are be1ng used (flgure 1.2). Furthermore,
by using a cultivatorias the’appllcation'tool: fall: band1ng
can be domb1ned w1th fall fzeld work thus reduclng the"
.number of. xequ1red fueld operat1ons..

" The most recent research 10 the f1e1d of n1trogen‘:
'.fert111zer app11catron has,been in the area of nestlng or
Ldouble'banding..Nests are'created whenfthe fertillzer for a’
band 1s collected over a short dxstance (approxlmately 0.3
, metres) then placed'at ‘one p01nt..If bandlng is deflned as

oncentrat1ng the fert111zer 1n one dlmen51on, nesting m1ght
be con51dered double bﬁndlng in that fertilizer is
‘concentrated in two d1men51ons. Early 1nd1catlons are that
;nest1ng may result in an even h1gher y1eld than a bandeg
' appllcatlon at the same rate. Studles SO far have been done )

.hby hand because no equlpment has been avallable to place

nests in the 5011 B
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2. Literature Review, ~ . = o

é.1'Fertilizer‘Placement. o

Recently publlshed experlments conductédYby Nyborg et .
al (1979) showed that fall appllcat1on«of urea (46%
n1trogen) 1n‘constr1cted nests iroduced hlgher ylelds than
fall appl'catlon of urea 1n bahds. More spec1f1cally~1n five
;{fleld;exper1ments conducted between.1977 and-1979_;n-,
%nofthern Alberta and northern Saskatchewan, yields nith fafl
1ncorporatlon, fall banding, fall nestlng, and spr1ng
‘fu1ncorporat1on vere 960, 1240, 1560,. and 1830 kg/ha,
urespectlvely Note that both fall band1ng and fall nest1ng
of fert1l1zer resulted 1n much better y1e1ds of barley than

d1d the fall 1ncorporat*mn of fert1l1zer However for

4northern Alberta and northern Saskatchewan, sprlng
appllcatlon of fertlllzer produced the hlghest yields of :~<
barley ‘ ' ' |
Interestlngly, research reported by Harap1ak (1979) d1d
not find spr1ng appllcatlon of fertlllzer by any method to
;produce the hlghest yield. In fact, when Haraplak summarlzed
data for- f1eld tr1als conducted prlmarlly 1n the southern
portlons.of the prairie prov1nces, fall band1ng was . found to .
be superior to both sprlng broadcastlng and spring- band1ng |
“of. fert1l1zer. More spec1f1cally Haraplak rated late fall
-abroadcastlng, late fall bandlng, sprlng broadcast1ng, spr1ng

bandlngA and post plantlng appllcat1ons of fert111zers as



.,95, 20 jobt.115; and.75 respectiveiy;A. |
| The seem1ng conf11ct between Nyborg et al s results,
obtalned prlmarlly in northern Alberta and Haraplak s
results,'obtalned prlmarlly‘xn the southern port1ons of the
'prair1e prov1nces, can be accounted for bx exam1n1ng the
so:E\Eblsture cond1t10ns for each research project.qv,
Accordlng to Haraplak ‘the loss of soil stored mo1sture
durlng the extra spring tlllage assoc1ated w1th any sprlng
fertlllzer appl1catlon could be . the reason .fall bandlng was
superior to sprlng bandlng 1n the southern areas. Soil .,
m01sture levels m1ght have a far greater effect on:. y1e1ds 1n"'
. the drler southern reglons of the prairies: than they would |
have on y1elds in the more moist northern so:ls
: Nyborg and Leltch (1979) suggested a second posszble
explaaat1on for the seemingly random results from' |
experlments comparlng sprlng and fall fertlllzer B
'appllcations 1 o ',~i | | _ - .
The rnfenlorityXOf fall applred N fertlllzer Found :
in northern Alberta, but -not reported lnrsouthern
‘ Alberta, may be helated fohmore-severe N deffciency
hln the north and to more saturation of the nonthern
sozls during the spring thaw. Losses of N through
Ieachlng and denitniflcatron occur only with
. nrtrate, and not with ammonium.

The authors went on to explain:



The Iosses of fall—appl:ed N seem mostly to take

place when the soil IS rgir'st thawed and satunated m

spr'ing, and fall—applfed uréa is usually only par-tly

nitr-ified by that tlme _ ' | |

These statements agree well w1th Ma1h1 (1978) .who
explalned some aspects of the n1tr1f1cat10n process. F1eldl
and laboratory data lead Malhi to, suggest ammon1f1cat1on and
n1tr1f1catlon occur- throughout the wlnter, .leading to large
_amounts of NO, jUSt pr1or to spr1ng thaw. Dur1ng the spr1ng

‘thaw, the water saturated condltlon of the so11 (which is.

common in northern Alberta ) above the frozen layer leads to"'

_relat1ve1y rap1d den1tr1f1catlon of the accumulated NO,.
Leltch s (1973) f1nd1ngs showed n1tr1f1cat10n of N
fertlllzer could be slowed by appllcatlon in bands
' Through-out the pra1r1e prov1nces Rldley (1977), Malhi
.(1978) Harap1ak (1979), and Nyborg et al (1979) all noted
fall band1ng of N fertilizer gave hlgher yzelds than did
fall 1ncorporat1on of fert111zer with the so1l
The mechanlsm whlch slowed n1tr1f1cat10n of N |
fertlllzer in bands was probably the same mechanlsm wh1ch
slowed n1tr1f1cat1on 1n nests In fact nestlng could be
explained as double band1ng, or band1ng in two d1rectlons._“
The 1ncreased yleld which results from the use of nests, can;'

be s1mply explalned by ‘a double bandlng effect Followlng

thls-tra;n of thought nest1ng mlght be expected to 1ncreasel v

-yields above those'of band;ng,ln any;area’where_band;ng-of N

fertilizer increased yields_ahove those of_incorporation.



Also-of-interest are the urea super granules produced

' for research by Norsk Hydro. Norsk Hydro s super granules
1wh1ch ‘are produced for r1ce research as noted by Holte et
“fal (1982) are ava1lable in three dafferent 51ze ranges--one
gram, two’ grams,dand three grams. Interestxngly, the ‘ | :
avallable granule s1zes are c105e to the nest sizes used by

- Nyborg et al (1979), and mlght be of 1nterest for Canadlan

stud;es,f

sk

2 2 Fert1112er Placement Equ1pment . \ .

Nyborg et al (1979) conducted fert1l1zer nestlng ‘
experiments utilizing hand placement methods. Results from
1those exper1ments were encourag1ng, but further research
required _some form of mechanization. The purpose of this
‘the51s was: to study the poss1b111ty of de51gn1ng a
'efert1llzer appllcator capable of plac1ng fertlllzer 1n
nests. A pneumatlc fert111zer appllcator was chosen as the‘
base 1mplement to modlfy into a fertllizer nester. ;;x!_f
-Advantages such as high field capac1ty, operator
| convenience, and mechan1cal szmp11c1ty (maklng mechan1cal
f_modlflcatlon s1mpler) made the pneumatlc fertlllzer
appllcator an’ 1deal exper1mental base p1ece of equlpment
'Slnce pneumatlc conveylng of materlal is the maln pr1nc1ple
'upon wh1ch the pneumatlc fert1l1zer appllcators are’
des1gned ‘a 11terature review of pneumatlc transport of

partxcles was underﬁaken.



',2;3‘Pﬁeumetics S
2.3. 1 Introduct1on to Pnou-atxc Convey:ng
| Henderson and Perry (1976) descr1be pneumatxc conveyorsf
‘in the follow1ng way. R ‘;jf_b\' |
. Pneumat ic conveyor's move gr'anular mater-ial f n a
"closed duct by means of a high-velocity str'eam of
-4*a1n. The advantages are: nelatively low initial )
cost; mechamcal simpl icity (only one major mov:ng
pant the fan) convey mg path can be nandom and‘ may
bnanch conveying path can be changed easi I y. a wrde
var'iety of. mater'lals can be conveyed ... and.the
- system is self cleaning. | : ST .
All of the above characterlstlcs make appl1cat10n of
‘pneumatlc conveylng to graln seeders .and fertlllzer
eppllcetors h1ghly,de51rable.
. . . s ,.
i2,3 2 Clessfficetions
Before the sc1ence of pneumetlc convey1ng can be’
fanalysed, a few cla551f1cat10ns must be explalned Accordxng
ro Stankov1ch (1978) pneumatac conveyors can be grouped 1nto
rthree types. p051t1ve pressure systems, negative- pressure
systems,‘and negatlve p051t1ve pressure systems. For the
'purposes of appllcatlon on pneumatlc fertilizer appllcators
’ only p051t1ve pressure systems will be analysed
P051t1ve pressure systems. of pneumat1c conveylng can be

further sub-d1v1ded 1nto denseﬁphese and dilute-phase .

LA
W ST e ’ o
S . . .



‘:systems. Leung and W11es (1976) deflned d1lute phase flow f&ft

e

(or lean phase flow) as.;(one) R .
m whlch the sol ids ar'e car‘med upwar'ds as an
g appar'ently even disper‘sed suspension with low -
f'volumetr-zc sol id concentnat Ion (gener-ally léss than .
about five per' cent) ‘ S x. . |
_Pneumatlc fert111zer appllcators operate w1th1n the. dllute
phase range.h BT - -j_";" '

a

2.3.3 Convey1ng in Stra1ght L1nes B
When a mater1a1 1s transported pneumatlcally, the‘

,flnd1v1dual partlcles are not suspended 1n ‘a lamlnar flow.

r
-

" Rather the partlcles are dropped 1nto a turbulent a1r flow,:,uﬂ
'where they are influenced by horlzontal acceleratlons,:‘
rotational acceleratlons,,and grav1ty. The net results of
‘these acceleratlons are complex random paths. Ind1v1dual
particles collide w1th the walls of the conveylng tube and
with. each other. Every one of these coll1s1ons results 1n~an

energy loss wh1ch may be perce1ved in a macro sense by a

loss in statlc pressure. The loss of stat1c pressure along aj("

tube whlch 1s be1ng used to transport mater1al h:eumatlcallyd

{can be spllt'lnto three parts, namely'-

ST pressure 1oss due to air alone,

ZFJ pressure loss due to. the presence of: part1c1es, and

3. 'pressure loss due to’ the acceleratlon of the partlcles.::'

.

Jotaki and Tomita (1971) deflne the totalwpressure drop

-in %‘conveyingqpipé“into tqgﬁparts; that. due to friction

»
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Lol ~

'losses with”the‘air*aloﬁej(AP');'ané‘those additional Iosses
-due to the presence of: sol1ds (AP ) Losses due to

;accelerat1om of partlcles (aP, ) vere. av01ded by cons1der1ng

only a fully developed flow. The resu1t1ng formula ‘rj

(v AP =AP +AP, .
-or - o | .
2 N P‘s‘;.f-‘ 2 4 £ (1 ya _L.. '

is quit; simple and useful as defined. Ottjes et al (11976)
and Scott et al (1976) "both used equatlon (1) as their |
:startlng p01nts. Scott et al (1976) went on to explore bend

h

effects, wh1ch w1ll be ‘discussed later 1n this chapter.;
.Ott]es et al (1976) added a term to describe the pressure
‘loss due to- the acceleratlon of the part1cles

(3) ‘ L . AP‘=AP;+APQ+A'!P3 -

o

TR . o

_Generélly{llf A P, is assumed uot be influenced by

presence of particles, then el
ey sPy=Lfyp, (Ut

2'D

-151mply descrlbes the pressure drop due to a1r alone.

51m11arly by us1ng a s1mple relat1onsh1p descr1b1ng pressure :

H.w—" ".A he

,‘_‘!".,.":~ A .
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loss due to acceleration of the part1cles, AP, may be

: der1ved from the momentum equatlon. Ottjes et al (1976)

' descr1bed the relat1onsh1p as:’ | _ ‘

. s . ,ﬁ;.'

(s) AP;=Q AU,
: : A

Finally, ‘a simp1e~eQuation describing the relationship
betWeen-pressure'loss and‘thenpresence of particles in the:

a1r can be developed Jotakl and Tomita (1971) descrlbed the

' relat10nsh1p Sf pressure lbss ‘and the presence of partlcles

RY

1n the a1r stream as:

.~ (6) . aPa=£30,(0,)°L

B

o-

2D

S

T

The above relationship was developed assuming suspended

partlcles do_ not act exactly as a fﬂu1d does and the

i

frlctlon factor f. does ‘not remaln constant when the

veloc1ty of the. partzcles changes.

2 3.4 Dlmen51onal Analys1s S
S McCabe and Smlth (1967) explalned d1men51onal analy51s_
1n oart WIth the statement- ' | | |
.. [if a theoretfcal equat ion does exist among the -
variables affecting a phys:cal ﬁ?‘OGeSSI_ t_hat o Lisea a
equatijon must. be.dimensionally homogeneous; e

A el -t B P . f - P e
- DU "' d ““"""“Of-v"—w“-&-,o--t-.....

- .

- .

dv‘(.'~“‘> . X - “" w oo ._.-..../-....,.,,.

Researchers such as Reynolds and Froude fournd reratlonshrps



which held true as the vafiables within them changed. . °
 Reynolds developed the relationship: |

R'=gl.jV. ' - o o
u-’ L . . *

"wh1ch is the ratio of 1nert1a1 forces to viscous forces. Any
hco;;eiatlon developed.whlch conta1ns a Reynolds number may
be applled to a d1fferent env1ronment 'simply by supplylng
new values inté the Reynolds number. Froude worked with the
>1nteract10n of two flUIdS of dlfferent dens1t1es, and
d1scovered the effect of gravity was nearly always
important. Ship de51gners have 'been long time users of
'Froude's relationship: o - |

F=_V

SORTSE) |
“which allows models and studies of the effect of water on a
'Shlp s hull to be done. Slm1larly a relatlonshlp must exist -
"‘between a suspended particle and the flu1d or. gas w1th1n s
whlch the.partlcle is suspended More recently Rlzk (1976)
suspended partlcles. Yang and Kealrns (1976) developed a
- solid particle fr1ct10n factor which used Reynolds numbecs
"and could have used a Froude number. - '
For VertiCal.conYeying"””"'"’"

LT g L8 0,869 - L e e

n £, ch = o, &206[.(-r e,ma,‘_)]’"~ il
] .(1—6) ) ’ o

T Rar A IR



For Horizontal Conveying

EY

., - -1.15
(8) f. ¢ f 0.117 [ 1-¢) (R,) U°

"o (7€) "R, SQRIgDT

- or if a Froude numbervwere used -

-1.15

. = 0.117 ({1-€)(R,) F,q°
T 0T R

(8.1) £

The.seperete relationships deveioped by Yang and Keairns

(1976) , for horizontal and vertical conveying are worthy of

14

note. As can be seen above, the relationship for horizontal

* conveying is more complex than the relationship for vertical

eonveying. The simplest explanation for the simplicity.of

~ t

the vertical term is the fact that the particle's plane .

of movement is the same as the direction of the eerth's

gravity. ‘ ' o

2.3, 5‘ACce1eration'of'Particlesn

, The pressure drop experienced due' to the acceleratlon =

or re acceleratlon of partlcles 1n a pneumatlc conveylng

-system 1s of paramount 1mportance in a pneumatlc fert1llzer

appl1cator. Scott et al (1976) noted that with the 0.

dlameter tube USed xn thelr research

T

place w:thm 9 O metr'es after' a bend

Np tube on present aay pneumatuc fertlllzer appllcators has™

\_..'A’s -~ "" -

-a length whlch lS stralght for 9 metres “That means that

partlcles in-a pneumatlc fertxllzer appl1cator w111 always

the maJority-oﬁ-the re-accelenatlon appeaned to take
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. . . 1

“be acceleratlng- Yang and Kea1rns (1976) descrxbed the

pressure drop dur1ng acceleratlon as:

* . .
L : "L L
(9) AP j" pa(1=€e)dL +(® 2f ,p,(U, )" dL + f.p,(1-¢) (U, )’dL +
' o ' 9D ) 2 gbD
- 0 |
. Pz(\l_()(Uz)Al
[ . g ] at L

2.3.6 Bends
The effect oqu bend in a pnenmatic transpert line
extendsnnot only-err»the"bend itself butvalsobover the
‘downstream straight sectxon where the part1cles are
re- accelerated Scott et al (1976) showed s1gn1f1cant
-pressure drops after the bend (figure 2.1) Complete steady
flow was not re- estab11shed for 15 metres downstream, ’
 although the majority of the refaccelerat;on appeared_to
take elace within 9 metres ef the bend. Since a 0.100 metre
diameter tube was used in the experiment, the results might
\be applied d1rectly to pneumatic fertilizer appllcators,

whrch use 0.100 metre d1ameter ‘tubes to transport material

up to»the pr1mary manifolds.



Page 16 has been removed because of copyrlght restr1ct1ons,
the illustrationm is avallable from Scott et al (1976)

"The extra pressure drop attr1buted to a'bend" f_



2 3 7 Slope‘“m 1'tjlf-:ShAfQ'lff}';'?v'g?jfd"“fxf;f;“b"

. Researchers hane.heen ﬂQrk1Qg~w1th vertlcal and _
.horlzontallpneumatlcﬂconvey1ng syStems for years, but llttle?f
1nterest was. shown 1n tubes at angles between hor1zontal and*
- vertlcal Duckworth (1976) 1nvestlgated the effect of duct B

: slopes on the: mlnlmum transport veloclty requ1red The

results of Duckworth's 1nvestlgatlon are SOmewhat

surprlslng When a rat1o of mlnlmum transport veloc1ty to.

'7ﬁsettllng veloc1ty was stud:ed at dlfferent conveylng tube

_apgles, the results showed an increase 1n requlred mlnlmnm

u“

'”'transport veloclty as the conveylng tube angleteeereased '5f~f s
.'The required transport veloc1ty reached a maximum at 45

.‘degrees of. conveylng tube angle and'began towdecrease«aSche-vs e

c 8L e e g w .

_tube angle cOntlnued to 1ncreas"“&Duckworth provldes ‘a-

'number of - charts from whlch values ‘can’ be selected but only ;'}i
~gives the relatlonshlp as a functlon of the ratlo of |

partlcle_dlameter;to duct diameter and angle of elevationéu

‘ v. ‘ : . ‘_ 10.3 .
(10) v,/V, = function,(d/D) x function; (@) x M~

2.3.8 Minimum RequiredaAit Flows . ' 4

When a pneumatic conveylng tube does not have

 sufficient air veloc1ty ‘and pressure to keep the partlcles

evenly d1str1buted throughout the cross- sectlonal area of
" the tube, the partlcles begin to settle to-therlower half' of

the tube. Scott_(t978).realiiedrthat_sone pneumatic-



.18
“conveylng appllcat1ons mlght take place W1th1n these"
condltlons As a result Scott deVeloped two formulae to f'
‘ describe the movement of the partlcles in an a1r stream. The

firsts

'(11) . AP, /Al xA/Fz e 'gq“- L
| S [u‘=~ v, SQR[B(po/p )J]

describes the pressure loss per Unlt length ‘when- the"
ﬂtransport veloc1ty is; not sufflczent to keep the partlcles
‘suspended in the entlre crosg- sectlonal area of the tube

;(i.eg thegpartlcles are in the IOWer half of the tube only)

e, 1

: “The sechd"“ :gr}»‘;u‘_f ”V”lf*-«

ot foes : . A

g »‘f"-‘f~112)°-‘"ap /u X A/an.-._,‘  KaV
ST W, SQR[

9139' J]

describes the pressure loss per unit length when the

tranSport'velocity is high'enough to keep'the paftibiesf

‘distributed evenly across- the conVeylng tube's ) -

‘cross- sectlonal ‘area. |

Est1mat1on‘of.m1nimum air floWs.requireq'to movei

required‘mass flow rates in 3 pneumatic.System is of great
?l'lmportance in: order to properly size ducts and fans._' ‘
Unfortunatery many present’ methods requlre the system to be

built, then the a1r flow rate determined experlmentally

e e e
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Riik (1976)Zdevelopedfa simple‘rela;iOnshjp:

(13) 4
’ M=KFr

wh1ch relates mass load rat1o to a Froude number._S1nce the

Froude number relates air veloc1ty to plpe dlameter Rlzk sj

= relatlonshlp allows an a1r flow to be chosen for ‘a requ1red

"Imass Flow: rate and p1pe dlameter.

P



3.1 F1e1d Equ1pment

was - conducted by the author to examkne pneumatlc seeders and

3. Preliminary Studies .
‘11;_§_ .:. e e

Prlor to begznn1ng any exper1mental work a f1eld study

- e S

o

@ I
-

pneumatlc fertlllzer appl1cators marketed in western Canada.

L g e m

‘The John Deere, Prasco, W1l R1ch Morrls, and Frlggstad were‘fJ

fstudled and a~large number of common characterlstlcs were

:.:‘ground The pneumat1c seeders and fertllxzer~appllcafors~ 't_

R
e - -

rd

determlned Wlthout exceptlon each pneumat1c system utlllzed

some form of a f1e1d cultlvator to .place material into the y

-‘V',_-na’

- were elther mounted d1rectly on the cultlvator frame (as was

_lel Rlch for example) or were located between. the tractor ce

I S
< PR et Al

:and fhe cult1vatbr (4s were Prasco ‘and JohnrDeere) Al the‘

pneumatlc systems had large tanks for seed and/or

;fertlllzer, thus d1m1nlsh1ng the number of ref1111ng stops

.‘reqd1red durlng ‘field operat1ons.

f%:jjmethods-f“"l‘, l ”‘.A;{a--fzi~r\*'f:*v%“'

A large fan was used on each pneumatic unit to supply

+

an air stream w1th1n which the fert111zer and/or graln could

..be. suspended These fans wvere driven by one of three

. : ®*
W . e
o, . IS ’~,'_., : Co B

. R o e

= a separate englne mounted On the pneumatlc dev1ce‘lqsrﬁ'
—7(f1gure 3 1) o | | | |

- a power take-off shaft from the tractor (f1gure 3. 2)

~ or a hydraul1c motor mounted on the.fan and operated by

the tractor's hydraulic system (figures 3.3 and 3.4)



Figure 3.1 Fan drivvtge_n by.
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.~Fig.u-r'e. 3.2 Fan driven by a power take-off shaft



Figure 3.3 Hydraulically driven fan

Figure 3.4 Oil cooler required

.
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byrbydrauliCally'dfiven fans
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of the three systems, the power take- off system ‘is the,
‘51mp1est and the cheapest but power take—offs are-not
always avallable on large four wheel orive traétors
Therefore most companles offer one of the other two drive .
bsystems as standara ‘or an optlon.

iny W11~R1ch dlv1ded the air flow ihto individoal.f'

lines fot_eaeh seed or fertiliaer row prior to the point.
where the seedVahd/o: fertilizer were ihtrodUCeo into’the

air stream. The temainder‘of the mahofacgu%ers introdUceQ
the'seed'and/or fertilizef into one or mote~primary‘air

streams, then used flow d1v1d1ng man1folds to. dlstrlbute the

air- 5011d mixture to 1nd1v1dual cultlvator shanks.

&
3.2 Ob)ectlves

Since research in- the area of fertlllzer appllcatlon ‘
indicated there was an adyantage in applylng‘rtllx‘_;—, 1n,“
' nests, the'putpose of this thesis was-to develop a i
Taboratory prototype to .apply fertlllzer in nests. A
pneumat1c fertlllzer appllcator seemed. to be a 1oglcai'
base machine from wh1ch to start, because the alr -

conveying lines could easily be moved around simplifying

modification. _ -
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4.1 Test Equipment . I i e f‘fv}“'ﬁff‘

T -.-p~°

A Prasco Bandit? was obtazned as a base)mach1ne to :u?;éph )
develop a prototype.'S1mpllst1cally (f1gure 4, 1) the PrasCo:” B
Bandlt con51sted of a fan, a number of tubes, a hopper, a -
meter1ng dev1ce, two flow d1V1ders con51st1ng of a prlmary
manlfold and ‘a secondary manlfold and a number of soil

. engaglng boots. The fan supplled air at a high Qelocity lnto

a 100 mm dlameter duct located below the ‘hopper. Fert111zerb

M

was . dropped from the hopper into the hlgh veloc1ty ‘air by

the meterlng ‘device. Once’ the fertlllzer was 1n the duct it\‘

[

..uas pneumat1cally transported to the pr1mary manlfold There
the duct was-d1v1ded 1nto f1ve 50 mm drameter .tubes that-

. were balanced thus creating equal flow rates of air and

-
P

suspended fert1llzer in each tube. Each of these tubes
carrled‘the suspended fertilizer to a secondary man1fold, ﬂ%i-

uﬁhe secondary manifold, each ‘tube was agaln subd1v1ded 1ﬁto a

B \0

.ten 25 mm dlameter boot tubes, wh1ch carr1ed the suspended ’

1

fert1112er to the soil engaglng boots. Fertlllzer was.. then f

i‘-;,a-,

,dep051ted 1nto a band w1th1n.the'501l by the openers.j
The Prasco Bandlt was dellvered to the Unlver51ty of
-rAlberta equlpped with a 16 7 revolutlon per second |
power -take=off drlven fan, wh1ch was coupled d1rectly to a -~

J

: The-Prascngand1t was a. pneumatlc fertlllzer bandlng
.machine produced‘'by Prasco: Supér Seeder Ltd., Drumheller, -

Alberta and loaned to the University of Alberta for 'this -
' study C _
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20 revolutlon per second 29 kw electrlc motor. Prov151on for

- -~ . -

three fan speeds was made by changlng the s1ze of the driven

R

N pulley on the - {anﬂ e
An 1ntake air duct was constructed.ln accordance wlth

- the Fan Englneerlng Handbook and was equ1pped w1th a flow
strarghtener‘as recommended by Jorgensen (1961) and ASHRAE
standard 51-75 (figure 4. 2). A'Sierra mode1.435~2 hot-wire
anemometer was. used to measure the veloc1ty of air flow1ng
through the duct allow1ng the quantity of air enterlng the v
fan tbfbé.saiculatedrgFeEti}izeg hayiqg,passed;through the -
Prasco unit was then collected in plastic containers,
.1ocated\;here the soil engaging boot would normally have

‘been.,’ ' o ‘ ”t' o

One tube- whlch would have been connected to a soil

engag1 g boot in a fleld appllcatlon, was modified to allow

" thé flo of fertlllzer to be photographed ThlS mod1f1cat10n
cons1sted of replacing the 1ast 150 mm of the tube with a. . |
clear acryllc tube. Care was taken to keep the dlameters and
lengths;of the tubes to those found in field appllcatlons.

‘During high speed filming, which was done at 250, 300, and
4001frames per second, the film was marked each 1/i0 of a

_second to allow film speed (frames per second)ﬁtofbe‘checked‘

‘and to provide a time frame for particle travel.

! 3.
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Figure 4.2 Air.intake duct with a flow straightener shown in

insert



4 2 Fertllxzer Propertles
Urea was the form of fert111zer used for experlments

_withln this thesis project. Aeron (1978) descrlbed urea as

s ues A SYynthetic.organic. mtrogenous fertilizer made: .

“;Dy cohbfﬁlng" Iquid’ ammonla and 1iquid carbon

,drox1de at very high temperatures and pnessunes; Thé
product in final form-is prilled and contalns forty ~

>
six per cent nrtnogen

Two dlfferent granule 51zes of urea were 1nc1ud§d in

- - LY > . A
,,~,a¢“-$*w_l .,.‘w \-*"/—i v&p c'&wvvio;n.o_o 0"‘0’_-"‘.‘*"

this experlment The flrst granule size was that of standard

agricultural urea as ava1lab1e from local farm distributors.
VA sieve analy51s (appendlx A 1) netted a geometrlc mean .

d1ameter of 1. 8 m1ll1metres follow1ng a procedure 51m11ar to
ASAE standard S319,° Throughout thlS thesis the agrlcultural
‘urea granules are referred,to as "small urea granules” or as

"small granules o

The second granule size tested was that of forestry

PG P

grade urea. Forestry qrade urea was developed in large

granules for thelforest industry where the fertilizer must

be ‘spread on the land surface and 1Bft exposed to the
natural elements. A:siebé‘analysis”of;the forestry urea

(appendix A-2) netted a geometric mean diameter,of 2.9
millimetres following a procedure similar to ASAE standard

S319. Throughout th1s thesis the Eorestry urea granules are
' SASAE standard S319 is a test procedure to determine the
fineness of feed 1ngred1ents and to define a method of
expressing the particle size of the material..Since no such
standard exists for agricultural fertlllzers, a procedure

svmllar to S319 was used. : :

L4
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‘f‘means of 1nterrupt1ng the pneumatlc flow of. fertlllzer. By

T - HER PO A AT Q4--v‘ o e v‘a - :fkn"-",-- > e 3 Gnan e

referred_to as "forestry urea” or 51mply ‘as mlargE“r7y.Q{~;f S
' granules". Thevtwo granule 51zes may ‘be’ compared 1n fagure br’;

4 3.

PRI

Holte et al: (1982)”discu55ed "super granules wh1ch are:-

~larger 91zes of granular urea avallable on the 1nternat10nal
'market from Norsk Hydro. Super granules are very regularly
.shaped 1, 2; and 3 gram granules of urea. Although these

'very 1arge granules have only been used in troplcal research

unull nou and were non.uSed,ln th;s the51s they may be of

D T S I S

. PR
interest to future North Amerlcan researchers. .
4.3 Modifications” = oI Tt e ae ao .
] . . ﬂ: K X! R . X . :
- 4.3.1 Rotary Valves d R T T

,.,,,.q‘.g -

~ eom

: In1t1ally a potary valve seemed toube the s1mplest

_replac1ng the secondary manifolds of the Prasco Bandit w1th
Zotaryﬁtal;es, the tert:lrzer would Be - 1n€roduded Hnto the e e
tubes to.the boots for one time perlod in. ten, but at a rate .
,equal tae ten, tlmis the normal rate.:The comblnatlon of the
.temporary h1gh rate: and short t1me perlod would et 2 ’“*Qﬁof
theoretlcally result 1n an aplecatlon rate equal to that
through a normal manlfold but the materlal would be‘“ﬁ”b
1ntroduced only into ten percent of the_normal length of the;
band. The first prototype was produced by modiinng-an |

existing secondary manifold (figure 4.4); Fertilizer



a0 - e ! o ’ . -
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Figure 4.3 Comparison' of fertilizer granule sizes ‘
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.a\.,,‘

enter1ng through a 50 mm d1ameter 1ntake was dkrected out

;op ,‘f the ten 25 mm dlameter exhaust ports, then the valve

- A

h

”'was rotated block1ng the f1rst<exhaust port and openrng a

- - - > . R R R
P T R N B

SR -7 -YoJ <3 ¢ T T S

"'s, .. :

L~ s St C . . 4 -
hadit% . e . . B

Each of’the ten\exhaust:ports“was opened<then”cloSéd"”"”

seguentlally, result1ng in each port be1ng open 10 percent
of the 'time. Unfortunately with the rotary valve replag1ng
“one secondary manifold, :the'ava1lab1e exhaust area for thatA
secondary manlfold was . reduced«by 90- percent and the total
‘branch from the prlmary man1fold blocked

-.. . A .second rotary valve was: des1gned to solve the f

Iblocklng problem caused by the exhaust restrzctions of “the

<

_first rotary valve prototype. Flfty m1111metre dlameter

tubes were chosen for both the intake and all the exhaust
ports of the rotaryfvalvel Two exhaust. ports wete drilled”’

into the rotating center core of the rotary valve. These

- exhaust ports.vere nbt.quite symmetrical in the central -

rotatlng core. Rather, the ports were placed in such a way
that as one port began to open, ‘the other' port,began to
close. In this way a 50-mm,dlameter'eihausthport wasualways
bavailable,“and'the blocking problem was solved. !
When the blocking problemfhad been solved, the»last 150
mm of one of the boot tubes (tubes from the rotary valve' s
exhaust ports) was replaced with 50 mm diameter clear |

acrylic tube and high speed,films were taken of the

‘interrupted flow.

R



-

g

: attempted by des1gn1ng a dev1ce which would collect the

~
-----

A second method of produc1ng fertlllzer nests was

- Sme e B

"'vu fertllIzer granules for a nest, then release them as a.

&

'clump One of - these devices would be required for gach boot

tube, and each would be mounted at the top of the boot . -

Because of the ‘number of dev1ces requ1red fot a large fleldl

unit and the hostile env1ronment-1n,wh1ch the device would

”

operate, a simpleKSturdy design waS'sought Further, with a

-nest requ1red each 0.3 metres of field travel and a f1eld

speed of at least 5 km/h a nest would have to be released

O @ e

B

‘“each 0.2 seconds. ' - e oo T TR .

-F

To.meet the above requ1rements a s1mple a1r partlcle
Separator with an osc1llat1ng gate at its base was
developed. The air%partrcle”separator%allowed the&
transport1ng air to escape .and the fertlllzer granules to

come +to rest on the gate at the dev1ce s base. When

_suff1c1ent time had passed the gate was rapldly pulled out

of the- way to one side, and the clump or rnest of fertlllzer
fell into the boot
) An electrlcal solen01d wés chosen to pull the gate open

(while.a- sprzng reclosed the gate) to keep the progect

4 51mple and to allow the system to operate w1th1n the .

requ1red t1me frame. Another advantage of u51ng the
electrical solenoid as the driving device was the use of a

simple electronic circuit-control to drive the solenoid

directly. No~hydraulics or pneumatics were required to

»
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,operate the osc1lIat1ng gate. Duratlon and frequency of the

.gate openlng were. controlled 1n1t1a11y by a t1m1ng c1rcu1t Cee

.'and later by a P.D. P. 11 mini- -¢cothputer (f1gure 4 5)

-

The air- partlcle separator)was made by 1ntroduc1ng the
boot tube (25 mm d1ameter)h1nto a 50 mm. d1ameter tube.
Increa51ng the cross- sectlonal area caused a rapld decrease
in air veloc1ty The lower velocity air was nat capable of
_holding - the fertlllzer granules in suspen51on,.and the
granules fell to‘the'bottOm of the separatorﬂ Conveying air
was then forced to reverse direction (to ensure no particles
.-were still suspended) and alloued"to_escape to the
atmosphere unhindered. Falling fertilizer‘particles were
funnelled into a 25 mm diameter tube and came to rest on the
gate.located at the bage of the air—partielewseparator. When

sufficient time had elapsed the solenoid was actiyated and
.the gate momentarily opened,'dropping the nest of'fertilizerl
granules into the short boot (figure 4,6). Very shortlopen '
duratlons did not allow all the material on the gate to fall
.through and blocking resulted Once the open duratlon
-requ1rements were filled, the maximum available freqguencies
at whleh the gate could perform the intended funetion vere

limited.



\} . .
5

Figure 4.5 P.D.P. 11 mini-computer




. air-particlevseparator o N

. Funnel

A
B
V'C. Electricai'soiénaid.
D. '03cillating_gaté.

E

. 'Cléa; b§ot’tpbe to alloﬁ'filmihé;

FiQy?P.G;S, quiilatiﬁéﬁgafe and electrical solenoid
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5. Instrumentation ‘

5.1 Power
5.1.1 Polyphase Wattmeter

| .A Weston polyphase wattmeter model 329‘was used to
measure the electrical energy consumed by the electrical
motor driving the fah. The Weston wattmeter is of the
eiectrOdynamometer type, shielded from the effects of
external magnetic fieids;iand temperature compensated. Two
Weston model 461 current‘transfcrmefs werebused in
conjunction with the wattmeter éo lower the current flowlng

through the wattmeter (f1gure 5 ). >

5.1.1}1 Calibration

Published data with-<the Weston wattmeter clalms an’
accuracy/of one-half of one per cent of a full scale value
for any frequency up to 125 hertz. The Department of
Electr1ca1 Engineering at the Un1versxty of Alberta checked
the calibration of the wattmeter prng to the beglnnlng of
the experiment, and the zero of the meter was checked pr1or

to each run, Faeld connectlons and the effect of the current

transformers ccmbln'
e

consumeéd by the elecﬁﬁ%‘ :ﬁmotor could then be. calculated

(in watts) by multlplylng"ﬁhe motor factor by the scale
*
reading on the wattmeter.

%
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5.2 Velocities

5.2.1 Air Speeds .

5. 2 1 1 !ntake A1r Duct
The 1ntake air duct was constructed 1n\accordance with
.the'Fan Engzneerlng Handbook and was equapped Wlth a flow
stra1ghtener as. recommended by Jorgensen (1961) and ASHRAE
_:Standard 51'—.75.f., 5
Calihration |
‘To callbrate the air duct, readlngs were taken

at 36 1nd1v1dua1 locatlons and a correctlon factor

calculated for the duct s center readlng

:5 2. 1 2 Slerra Anemometer ' o L» o -
. A Slerra model 435-2 hot w1reuanemometer (Slerra
.Instruments, Redland Callfornla) produced by Kurtz ‘was used
to measure a1r speed 1n51de the intake. air. duct. The Sierra
‘hanemometer s output was ore volt for each 1. 27 m/s (250 feet
per m1nute) of alp//peed Wthh passed the sensor. This
fvoltage wvas fed to a Sanwa,model SH-63T3‘analog_voltmeter;
'The Sanua_uassreiaéroed'ptiorfto each rud,and could be read

tonthe-nearest:0;1eyolt. . - N

Callbratlon" d{{”
The Kurtz S1erra§mode1 435 2 hot wire anemometer
was callbrated by Szerra Instruments, Redland

Cal1forn1a on the 27th day of the 5th month of 1982



‘5.2;1 3 Pitot'Tube |

Air velpc1t1es were measured downstream from the fan"
u51ng a pltot tube s1m11ar to those descrlbed by ASHRAE
fstandard 51- 75 The p1tot tube was fastened concentr1cally
“m1n51de “a second tube of sllghtly larger d1ameter whlch

recelved statlc pressure from radlal sen51ng holes around

'”the t1p When impact pressure was connected .to one leg of a
A-'manometer andjftatlc pressure connected to the other leg of

" the manometer, the Neloc1ty pressure was 1nd1cated d1rectly.;
Calibration

The pitot tube.used was similar to the
descrlptlon in ASHRAE 51-75 and as such was
considered a prlmary 1nstrument Vthh'f&QUlreS no-

calxbrat10n;r

ﬂ;,} . ' . . .
+5.2.2 Rotational Velocities

5 2, 2 1 Ploneer D1gata1 Stroboscope
The model DS 303. P1oneer dLg1ta1 stroboscope was used
to measure the rotatlonal veloc1t1es of . the electr1c motor
and ‘the actual rotatlonal veloc1ty of the fan wh11e under
.wtest Ploneer llterature supplled w1th the stroboscope
,‘states -an accuracy of plus or minus one revolutlon per

.m1nute (flgure 5. 2).
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5.2.2 2 Hasler'Tachometer

RRNCEE
”éalibration
The calibration of the digital strob05cope was
checked by two methods. First,na.Gthertz’power.line
freouency was supplied to one channei of a
Tectronics model 432 dual trace osc1lloscope. Then
the trlggerlng voltage from the stroboscope, wh1ch
' was set at 60 hertz, was supplied to the second
channel of the oscilloscope.‘Comparison of the two
‘Jtraces,resulted in no perceimable t;mfng‘difference
'Lf~ A second cal1brat10n ‘check was done u51ng a one
kllohertz ca11bratlon signal from the Tectronlcs
model 432 dual trace osc1lloscope. When the one'
kllohertz signal was compared to 14, 955 29,907; and
v19 939 rpm trlggerlng 51gnals from the stroboscope,
ratios of 1/4 1/2, and 1/3 respectlvely were

obtained. Theoretlcally that gave the stroboscope -an.

error of 0.3 percent.

Low speed rotat10na1 veloc1t1es ‘were measured by means

of a model 15228 Hasler hand- held tachometer. Readlngs were

made by hold1ng the. tachometer in direct contact with the

shaft whose,speed was.belng measured, then,actlvatlng the

tachometerﬁ Once. the measurement'waSjmade the dial of the

ﬂinstrument remained Stationary and the instrument could be

moved to allow for more convenient reading. -

o0
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Calzbrat1on.r3 Y
The callbrat1bn of the Hasler hand held
‘wtachometer was checked aga1nst the Ploneer dlgltal N
stroboscope. Ten rotational velocrt;es‘were chosen
'between;8;33 r/s‘(SOO'rpm) and 16,7tr/sﬁ(1b00 rpm).

Each rotational'velocity was read with the'Hasler

hand held tachometer, then the Pioneer stroboscope.
Both readlngs vere recorded and an error calculated
for each rotatlonal veloc1ty The laréest recorded v

error was 0. 67% for the Hasler tachometer at 9. 93

r/s (596 rpm).

”ﬁgf’ | . r’ : . :'

5.3 Pressure

'5 3.1 Manometers‘ _
Manometers were fabr1cated in U shapes from 8 mm glass
tubes. Each~manometer was fllled w1th d1st111ed water and a
small amount of food colorlng was added The manometers were‘
'mounted vertlcally on a scale whlch could be read to the

Ty

nearest millimetre " (flgure 5. 3)
5}3,2 Statid“?ressure

Statlc pressure was measured by connectlng a tube
between a statlc pressure tap and one leg of a llqu1d
manometer The second leg of the manometer was left open to

atmospher:c pressure. Care was taken when plac1ng statlc



'?iguré 5.3 Manometers

L]
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“pressure taps to prevent anythlng from 1ntrud1ng

'1nto the tube to dlsturb the 1nternal flow patterns. 3

‘5 3.3 Barometrxc Pressure ' 'y .
Barometr1c pressures were obtalned durlng each test

from the meteorologlcal observatory of the Atmospher1c1 |

fEnv1ronment Serv1ce located at the Internatlgnal Algport,

,,m

Edmonton Alberta.

'5 ‘ Temperature ‘ N o
‘Both wet and dry bulb temperat\res were taken by a
:ﬁCenco sllng psychrometer. The scales on’ the thermometers
.could be read to the nearest degree Cels1us. Wet. bulb
ftemperatures were measured by plac1ng a. moastened w1ck over
wthe bulb of the wet bulb thermometer. Internal temperatures
‘.w1th1n the system were- taken w1th a Ce151us thermometer

s1m11ar to. those mounted on the Cenco sl1ng psychrometer, by

1ntroducrng.the thermometerllnto a statle,pressugqgﬁapw"

- w
[
S

. 5. 4 1 Cal1bratxon _‘ .

As suggested by ASHRAE standard 51 75. the thermometers"
~were callbrated over the range of temperatures encountered —
'durlng tests agalnst a thevmometer Wlth a. callbratlon that
,was tracedble to the Nat1ona1 Bureau of Standards. Maxlmum
jerror recorded waslo 4 degrees Cels1us for the 31ngle
thermometer and 14 degrees Cels1us for the thermometers on

“the sllng psychrometer.-,,,_ fﬁh
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" < _ 6. Results and Discussion

i
: =/
6.1 Pneumatics

Plans ofﬂdoingna detailed studyvof the actual pneumatic
transport of. fertlllf%r granules w1th1n the pneumat1c

aé“hp ‘be abandoned Although a good deal’

fertlffzer bandé Jf

has ‘been: wrltten on the topac of pneumatlc transport of

.

1ndustr1al products 1h«_tcent years, very llttle 1nformat1on

ST
e

is ava1lable on Uhe pﬂé%mg}rcﬁ%gansport of agr1culturaln\st o

: VA B KIS0,
products" Addltlonally, muchgyi the exlstlng pneumatmc o

& .
transport 1nformat1on publlshed fér agﬁlculture is qu1te oldL

and assumes partlcle friction coeff1c1ents do not vary wlth
a1r veloc1ty or conveylng tube dlameter. In caontrast Rlzkv
(1976) suggested' S - &? |
The most compllcated form. of pneumatlc tnanspont }s
that in honlzontal plpes .This Peg;on is
chanactenlzed by means of the phys:cal propentles of _ ?
the solrd panticles and of the plpe71ne togethen ’
w:th the velocltles of both gas and sollds, and the
'vmass Flow Patlo and mass concentratlon
Examlnatlon of the pneumatic sectlon of the l1terature
rev1ew revealed many characterlstlcs of fertlllzer must be~.
- known before a detailed study of as complex system (such as a
'ipneumatlcmfert;l;zer'applicator) might be unde:ﬁ!kenm Three
of the required.oharaCtetistics of fertilizer which were_

unknown in this experiment were:



- terminal 'velocity of a single particle,
- actual partlcle velocity (which‘ls very difficult to-;l

. measure), | . |
- ‘and the partlcle‘s pipe friction coefffoient.
Establishing theSe'unknowns would be a theSis_project of its
own‘and for that'reason no actual pneumatic study was

g .
';undertaken within this: the51s. However sance the author-

believes a‘:tudy of handling fertilizer pneumat1cally should
be undertaken, a literature rev1ew of pneumatlc convey1ng
has been 1ncluded in this thesis. Recorded pressure drops.
along the pneumat1c conveying 11nes have also been 1ncluded
”in appendix H. { |

Attempts were also ‘made to. measure air veloc1t1es
-downstream from the' fan. ASHRAE standard 51-75 requ1res air-
"veloc1t1es only be measured ten tube dlameters downstream
from the fan. Unfortunately no sect1on of the Prasco s
fert1llzer transport tube was stralght for’ ten tube _ v
‘d1ameters. Therefore veloc1ty pressureggwere measured in two
locations downstream from the fan using non-standard
-'methods. The f1rst traverse plane (referred to as W) was
_located as close as practlcal to. the fan and before the
meterlng dev1ce. The second traverse plane (referred to as

Y) was located 1.8 metres downstream from the flrst traverse
plane and 1. 25 metres downstream from the meter1ng dev1ce. A
forty five degree bend was located along the 1.8 metres of.

_fertlllzer conveying tube separating the two traverse planes

caus1ng traverse plane Y to be located on’ a conveylng tube ~
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Slopeé”at forty five.degrees‘from the'hofizontal,.Two'
traverse paths.intereecting at ninetyldegreee were nade

, across the duct at each traverse plane and fourteen velocity
fpressures were recorded at equal intervals along -each

traverse path. (Data from the veloc1ty pressure traverses

are given in append1ce§/q-1 and J-2.).

6.2 Rotary Valves

Initially a rotary valve seemed to be the 51mplest
means by whlch to interrupt the ‘pneumatic flow of'
fertilizer. By replacing the secondary manlfolds of the
Prasco Bandlt m1th rotary valves, the fertillzer would be
1ntroduced 1nto the llnes to the boots for one tlme perldﬁ
;1n_ten, but at a rate equal to‘ten t1mes the normal rate.
The oombination of the temporary‘high rate and .short time
period was to result in an applicatidn rate equal to that
through a normal manifold, but the materlal would be
1ntroduced into only ten per ceﬁ% of the normal length of
the band. The first prototype was produced by modifying an
exlstlng secondary manlfold wh1ch had a 50 mm dlameter
round - 1ntake and ten 25 m1111metre dlameter round exhaust
ports. Unfortunately, w1th the rotary valve 1n place,,theu
system only had one 25 mm diameter exhaust port avallable at:
'yany one time. On a pneumat1c system de51gned for ten 25 mm

diameter exhaust ports, one exhaust port. acted as ‘a blook,

and the total branoh to the modified manifold blocked.



i

Analysis of the system quickly showed the blocking,
: L £ & S I
 problem was caused by the reductien ¢f the exhaust port area
. cR ‘ -

S

by nearly ninety per cent. A sécond rotary va}gg,ﬁgsﬂthegf*'
" developed which constantlyzhad fycross-Secticnal‘exhaust
‘area open equal to the manifold intake area. fe t runs‘with
this device indicatedvthe.blocking problbm had :Den solved.
Next, one exhaust pdrt‘fron.thevrotary valve was connected'
to a clear tube located‘in the'hobt's location in order to -
allow- the clump of mater1a1 flow1ng from the rotary valve to
be f;lmed : . : -
Examlnatlon of the high speed films of the mater1al

from tRe rotary valve showed almost no clump1ng effect.
"Evidently the ﬁaterial introducedﬂinto the bookt tube at the
rotary valve as a clump had redistrihuted itself during its
transpbrt'down to the boot's location{ Literature references‘
vhad mentioned tpat materlal had a tendency to segregate
accordlng to partlcle size and part1cle we1ghtb Heav1er
partlcles tend to fall out’ of suspen51on ea51er than llghter
. particles, contact the conveylng tube wall then slow down
relative to suspended partlcles due to-the effect of the
wall friction. The net effect in a very long transport tube
was that the finer partlcles arrived prlo:,to the heavier
‘particles: In the casevef pneumatic transport of fertilizer,
the tube length was rgiatively short, but long.'enough for
some particles to strike the tube wail slow down,fand
arrive at the boot locatlon as a random pneumatlc flow.'

Further llterature rev1ew 1nd1cated Kldd (1972) had patented-



a rotary valve- 11ke devlce to act as a normal d1str1but1on

A'manlfold on a pneumat1c graln drill.

Ev1dently, 1n.order to be effectlve,.any.nesting’devicef."

- would have to be located as close as possible to the boot.
For the dev1ce to be mounted near the boot it would have to

I

tbe small rugged and as 51mple as p0551ble 51nce one would

-

a

be- required on each run.

6 3 Qsc111at1ng Gates
To flll these requ1rements an electrlcally operated
solen01d osc1llat1ng gate was developed Duratlon and
freqnency of the~gate open1ngs were controlled by a t1m1ngv
circuit- ‘Barly test runs 1nd1cated thlS type of system ‘had
'11m1tat10ns. Very short open durat1ons d1d not allow all the

mater1al ‘on the gate to fall through and blocklng resulted.

Once the -open duration requ1rements were filled, the maximum

e

available frequenc1es were 11m1ted
Inltzally the objectlve for nest placement was one nest

every 300 mm. Coupllng'ﬁgg mm spac1ng w1th a fleld speed of .

5.5 km/h requ1red nearly 5”_ycles per second from the
nestlng dev1ce. Expenlments’were conducted in a range near 5
L-gate openlngs per se@ﬂnd and high speed films taken..The |
high speed £ilms fﬁ%eﬁ%aken gt‘?SO and 400 frames per second
‘with a £ilm marker be1ng applled to the f1lm ten times per
'second Events on the film could then be tlmed by countlng

P
frames on the £ilm, and countlng the number of frames



l‘betwee; film marker spots. Sizes of nests and lengths of
| spaces between nests could then be extrapolated 51mpl? by
observzng the urea granules against a’ 10 mm. by 10 mm
.background gr1d and multlplylng the time 1nterval by the
planned forward veloc1ty -
) ’v Examlnatlon of the films qu1ckly 1nd1cated thz mater1al
did not stay in neat cluﬂps as the gate opened rather~ gﬁ”'
fertlllzer tended to strlke the sides dur1ng 1ts fall,and :
redistribution occurred after the fertilizer left the boot.-
Data:were taken és,eo 90, and 95 percent of the fertllxzer
granules wh1ch would make ‘'up one nest were pass1ng a
'reference point located where the fert1llzer would. . leave the
boot in a field app11Cat1on.,Tests with above 95 percent of

the materlal in a nest were not. pract1ca1 51nce some

fertlllzer granules were always scattered between clumps
(flgure 6. ) Whlle worklng with forestry grade urea, the
total ﬁumber of granules in. a‘nestfcould be‘countedyband the
nganulds for 80, 90, and 95 perceﬁt of the tbtal aiSo could
be counted (f1gure 6.2). In the case of nestlng w1th small
» granules, an estimation for each percentage of the total
nest had to be made (flgure 6 3) | | T
Averages for the four d1fferent gate open duratloms:
(50, 40,‘30, and 20 percent of gate ‘oscillation perlod) are
‘g1ven 1n table 6.1 for small granules, and table 6. 2 for
forestry grade granules. Graphlcally, the effeCt of

different gate open duratlons for small granule urea and

'Mforestry grade urea can be»seen,ln figure 6.4 and fxgure

b
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"'F,"_igure; 6.1 Small urea gi"a,"n"u‘ies. "sca’tit',éred';betwe_én nest 'c.‘l_ﬁm'psf: .

o
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Flgure 6 2 A S1ngle frame of hlgh speed f11m shOW1ng a nest
of forestry urea granules ' o

'

u'f.
N4 "o

LR

' Flgure 6 3 A 51ngle frame of hlgh speed fllm show1ng a ne§t

of small urea granules
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Table 6.1 Effect of gate open duratlon on the accumulat1on

1nterval of small urea granules

Gate Ope

: Duraticn
50%
.=,.‘,

40%

n

Mean .

S.D.

Mean

.. S.D.

Mean

- 30%

20%

S .D.

Mean:

S.D.

Period = 0.20 _ seconds
" all tlmes are in seconds

S.D., = standard deviation
- : :

Percent of Fertlllzer Granules
Past the Reference Line

Box  90%x - 95%

0.048 0.065  0.083 |
' 0.0064 - .0.0061.  0.0045 N '\~

0.042 ° 0.055  0.066

0.0065  0.0091 .0.0094

0.049 . 0.055  0.096

0.0097 . 0.0099. 0.0094

0.048 0.065  0.087 . - |
- " * ' . . ‘ -/
0.0060 - 0.0073 . 0.007%"" | ]!ﬁ
’ %
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Table 6.2 Effect of gate open duration on thé accumulation

interval’diﬁférestry urea granules

[ 4
" Period % 0.20 seconds

All times are in‘seéonds‘ ' g

S.D. = standard deviation
éate Open | : Perpentldf Fertilizer Granules

. Duiration - 4 pift the Reference-Line‘

BO%  90%  95% )

50% ' Mean 0.060  ~ 0.075 - - 0.092
s.D. ~ 0.0067  0.0118  0.0180

40%  ©  Mean  0.052  0.070 0.088
| $.D. . 0.0174  0.0214  0.0216
30% . Mean . 0.064 0.098  0.120
| s.D. - 0.0288  0.0251  0.0309
205" N Mean  0.071 0.096  0.117

S.D. + 0.0167  0.0176  0.0133
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6.5, respectively:

Surpr151ngly, a gate open1ng duration of 40 percent of
the gate's perlod resulted in a statlstlcally s1gn1f1cant
"smaller proyected nest sfze for both'fertlllzer granule
sizes than didleither the'gate-open durations of 30 or 20
percent. Possibly the downward air flow through the tube -

while the gate was openvtended-to push the fertilizer

granules down the tube in a clump.

6.3.1 Alr Blasts - - o ,mi

To test the theory of a1r flow help1ng to move -the

’ materlal downward in a clump, a. second two solenbid gate

~

o

device was developed The lower gate operated in an
ldentlcal fash1on to the’ s;ngle gate unlt; Above the first

gate was a small chamber complete with a second solenoid

» R

operated gate constructed so as to block the escape path for

the transporting air when the second gate closed (figure

, 6-6). Therefore when the second gate closed, air was trapped

in the chamber'above the'lower?gate,sﬁhich was colkecting
urea granul;s; Whenever the lower gate. opened with the

upper gate closed an, a1r blast from the air conveylng the
fert1llzer granules a551sted the fert;llzer granules down

past the lower gate.c~

Three t1m1ng sequences were tr1ed for the operatlons of

‘the second gate. The f1r§§ called "no- delay" vcon51sted of

- operatlng both gates 51multaneously, w1th ‘the upper gate'

c1051ng cau51ng.an air blast at the same 1nstant the lower

AR

\,,
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\

gate'ai;,blast‘déviéé
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gate opened. The second, fa'tfming seguence referred to as
"Zb‘perCent lead", con51sted of the upper gate clos1ng for a.
Sime 1nterval equal to 20 percent of the gate open. ‘duration
before the lower gate openedt F1nally,’a timing seguence
called "20'percent lag“. consistedvof closing”the upper gate
a time interval equal to 20 percent of the lower gate s open
duratlon, after the lower gate opened
| Each of the above t1m1ng sequences was trledAw1th the‘
lower gate operatlng ata 30 percent open duratlon. The
effects of no delay, 20 percent lead and 20 .percent lag
- t1me sequences were compared to the effect of . a 51ngle gate
‘ operating at a 30.percent open‘durat1on (called a "check" ),
as'seen in ¥able 6l3‘for Small}granules and table 6 4 for
forestry grade granules. Graphlcally, the effect of the
three dlfferent a1r blast t1m1ngs may be seen in flgure 6 7
for small granules and flgure 6.8 for forestry granules.
For- the small granules,'all ‘the a1r blast timings had a
statlst1cally srgn1f1cant effect in compressing the nest.
lslae: In fact, any form of a1r ‘blast resulted in. 90 p;rcent
of the granules be1ng placed 1n less ‘than’ 25 percent of the
1nter nest spac1ng Of the three tlmlngs'attempted no delay
and. 20 percent lag were the most effect1ve 1n compre551ng
the nest size. . . N ‘
Forestry grade granules also had thelr nest smze:-'
compressed by the use of an alr blast (although not. by a
statlstlcally s1gn1f1cant amount) The a1r blast beneflt\was:

most not1ceable.on 90~percent and 95 percent.levels of the
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X
‘Table 6.3 Effect of an air blast on the.accumuiétich'j .

interval of small urea granules

 Period = 0.20 "seconds
All times are in seconds

S.D. = standard,deViation

Infer—gate‘, R ~ Percent of ‘Fertilizer Granules
Timing = o Past ‘the Reference Line

80% 90% - 95%

-

[e)

Check Mean  0.049, . 0.055  0.096 .

e

s.D. . 0.0097. 0.0099 ' 0.0094

No Delay Mean® -  0.038 . 0.048 0.058

S.D. . 0.0049 _ 0.0064  0.0077

20% Lead Mean . 0.041 -  0.048  '0.058 -
S.D. 0.0092‘, 0.0101 . 0.0119

20% Lag - Mean:. - 0.037 0.045 0.054

S.D.  0.0042°  0.0050 - 0.0062



: Table'6;4‘Effe¢t 6f an.air blast on the accumulatioﬁ

. interval of‘fqreétry urea granules

Period = 0.20 'seconds
All times are 'in.seconds

N S.D. = standard'deViation.‘

Inter-gate . .. . : Percent of Fertilizer Granules
Timing CooT Past the Reference Line

‘80% - 90% 95%
Check Mean 0.064 . 0.098  0.120
| S.D. " 0.0288  0.0251. 0.0309
'No-'Delay . Mean  0.065 0.085  0.101"
| S.D.  .0.0161 0.0165 .+ 0.0212
ﬁ%" Lead Mean "0.060 0,.086j'. - 0.101
S.D.  0.0168  0.0239. 0.0192
' 20% Lag °  Mean 0.060 0.086. 0.101

'S.D..  0.0168°  0.0239  0.0192

) "Q?'
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granules inva.nest Aga1n a 20 percent lead 1n the air ‘blast

t1m1ng was the least effective in compre551ng the nest size.

.o : . o

6.3.2 Ai"r 'casﬂ-io-n-- Tubés
. < ‘
Two .tubes with different 51zed holes (0 8 mlll1metres

and 1.6 mllllmetres'ln dlameter) vere developéd wh1ch
flntroduced higher pressure air through small holes along theﬂ
~.tube's length The alg was 1ntroduced along the 1nner wallsa
of the tube to form an a1r cushron whlch was to prevent
partlcles from str1k1ng the tube walls and - then
:redlstr1but1ng themselves along the tube length

: : :
Results of u51ng the air cushlon tubes Were mlxed Datag

e

-collected from. observ1ng fertlllzer granules flow1ng down“’
.tubes equ1pped to provide an air cush1on were compared to -
data collected from Qbserv1ng fert111zer granules f10w1ng _;w

down normal tubes (referred to as a'"check ). The time

Iw,

per1od to. pas% 80 percent of the nest s material down the

air- -cushioned tube was always 1onger than the t1me per1od to

<

lpass 80 percent of the nest s mater1al down the or1g1nal N
" tube. The t1me per1od to pass 95 percent of the materlal

fdown the tube was shorter u51ng e1ther of the two tést tubesg

™

for the small granules In the case of forestry grade p

. granules only ‘the small dlameter holes in the tube shortenedf

. the t1me perlod to pass 95. percent of the materlal down the

-

tube. Effects of the air cushion tubes on small granulgsurea

are given’ in table 6.5 and graphlcally 1llustrated in f1gure

6 9 wh1le the effects on: forestry grade uréa granules are
PR B -



'*,. Table 6. 5 Effect of an- a1r cush1on on- the accumulatlon .

1nterva1 o£ small urea granules

. Period= 0.20 seconds
ALl times are in seconds .
' Q.D.,=‘stéhdardf8eViati6n7.:'i
:‘Air:CUShion‘ o ' Percent of Fertilizer Graduleé  %

.....

- Type . . Past. the Reference Llne

K . : . -]

. 80%: 9ox L 95%

oGheck | Mean:  0.049  0.068 _ 0.09
T »s;ﬁ;751{_6.00977”;.o 0099j - 0.0094 .

. " , N . _.:~ ] .- . _:‘ . : o “‘ ) R
Small Holes :‘Mean ?_5‘0.059_” ;10 071 ‘; 0}08§j;”;” .

'”fi s, D‘;f3]f°;°°73f3? 0. 0091" jo;onj7“”

-fLarge Holes Meaﬁ.7f;¢0 055 f'770.0§3'e 0.083°
_}j:@;cglf@,] 8. D.f--*fo 0073 _;b;0077* f.b}Q082;,.



68 .

_,,w_ ._.,“4._.\o\vm\

:onuNA=a=uuc 0:u =o =o~£m=u are Ru uo
| . _.Eaaazmcwc | |
L osmEIn o o

L moﬁanmum.aoua aﬁmam uo anbuoucu o

yuuuuu m w gusm_u

mu..a.!<mu S, hwwz W...—. 40 Xxs6 m,..<.5§._uu< ol Qmm:._aum INIL
: mw..52<¢0 S, ._.mwz wI._. 40 x@8 wh.<..3¢30u< oL Qmmuamm uz:.

| mmu:z<mu s. hmuz L 40 xe8 mh<J:x:uu< oi’ nmmmsomm-mzmh

40,0 B
0.0.6 BN
s ( SRS

m._w_ M»_Ml|=-

g \\\_.\_\\ 1

R Lladw

‘ﬁ%ﬁ?ﬁf@fﬁfifﬁ*fgﬁff}}gﬁ“"“

Sﬁﬂbﬁasbf

.

PR

I

by -

.‘

N

,-‘;; B



N

, o ) » . S
Table 6 6 Effect of an a1r cushlon on the accumulatlon

1nterval of forestry urea granules

. .o N
Period = 0. 20 seconds
All tlmes are 1n seconds

) S._DQ_.._'= standard dev1at10n L

vAir Cuehibn o o vPercent of Fert111zer Granules :
Type . '»ﬁPast the Reference L1ne- ’

« 7j ‘> o 60%,'r;;7f.90%: . o5y

R e
Check Mean = 0.064 J'o 098 -+ 0.120

s “b.ozasa;:ho 0251f 0{0309f
. 0-0288: - 0.025. © 0.030;

- Small Holes Mean*f'.;o;0697";Yb;089§ 0. 101
Lo Es.b.f{ﬁﬁﬂogposog‘.;9;0171i3f1o 0187

l_'Large5H01eS:“1Mean'ﬂffad?035 ?4ﬁ-0€}63i6“,”Q;T1é§}“ ,‘f'
. sip. o oi0.0189 00124 o.omiet T
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5glven 1n table 6 6 and in flgure 6. 10
Exam1nat1on of the above tables and fiQUreslgaveﬁnob“""
;;1nd1cat10n of air cushlons 51gn1f1cantly compre551ng the
t‘nest 51ze. Statlstacally the a1r c!§h1on dld 51gn1f1cantlyﬁ
: compress the nest 51ze at the 80% level but the |
51gn1f1cance was lost at the 90% and 95% levels. For that'

reason no further studles of the air, cushlon tubes were .

undertaken..~_- V S zﬂf .:‘an-'fﬂ . >



77r Summary and Conclu51ons |
1.7 Pneumatlc transport of part1culate mater1als 1s.an
aexpand1ng sc1ence whlch has encompassed agr1cultura1
- appllcat1ons. Unfortunately the majorlty of modern -
~research 1nto the englneer1ng prlnc1ples of pneumatlc
';transport of part1cIes has ut111zed partlculate :
"’)ﬂ ‘naterlals found 1n 1ndustr1al rather than agr1cultura1
applrcat1ons. A v01d in sc1ent1f1c knowledge appllcable
vf~'-to the pneumatlc transport of agrlcultural products has
v'resulted Research should be undertaken to study the

: englneer1ng pr1nc1p1es of pneumatlc transport of.

L grxcultural products*such as’ fertlllzers. o . o 1"{

2. The d1stance a:hlump or’ nest of fertlllzer granules g
n“could be tranégg}ted ‘after belng formed vas severely
| -11m1ted by the tendency of the fertlllzer granules to |
‘ redlstrlbute théi!elves randomly along any tube w1th1n.,"/

'”wh1ch they were be1ng pneumatlcally transpOrted For.
pneumatlc fertllxzer nesters” the abbve statement

'elzmlnates the p0551b111ty of ut11121ng any centrally‘1~;

_jlocated rotary valve)ﬂdf}orm nests of granular

-fert1l1zer. Furthermore s:nce redlstrlbutlon beg1nsq. SR

v:taklng place 1mmed1ately; most nethods ol pneumatlc f}ff -

o fertml1zer nesting w111 exper1ence some red1str1butlon

\
”between ﬂbe locatlon Mhere the nest' s fertilizer

”*granules are collected and the flnal placement of the

ﬁ fert111zer granule ne'

,1[3;; Small urea granules,_‘lﬂ,,'“ﬁ?,:;



L Canadlan pra1r1e prov1nces, produced smaller pro;ected

inest 51zes than d1d forestry urea granules under

"flaboratory tests.v

' Use of a s1ngle osc1llat1ng gate mechan1sm 1n

'Slgn1f1can%1y reducéd N ,1-”

.fThe research results obtalned 1nd1cate that

vgcommerc1aﬁ pract1ce.

conjunct1on w1th small urea granules produced nests '

(conta1n1ng 90 percent of the metered nest s ﬂaterlal)

vfthat covered less than 30 percent of the 1nter-nest

'spaclng.

':small urea granules produced nests (contalnzng 90
,fpercent of the metered nest' s materlal) that covered
‘less than 25 percent of the 1nter nest SpaCIDQ.':

;Use of‘an a1r cushlon 1n tbe boot tube appeared tg have

l;d@%ed appl1cat10n, 51nce nest s1ze was not'b

rconcentrat1ng more than 90 percent of a nest s mater1a1

1nto less tébn 25 percent of the 1nter nest spac1ng

vwould be exceed1ngly dlfflcult to accomp11sh 1n

. > .
E / SRR , )&
.‘ R . . . L

;ﬁse of an a1r blast" mechanlsm 1n conjunction wlth }' ‘4

s



8 Recommendatxons for Further Work

AW

' Experlence galned dur1ng th1s progect has hlghl1ghted a

jneed for further research 1ﬂ the follow1ng areas-

1,: A study should be undertaken to establlsh fr1ctlon
factors assoc1ated w1th the pneumatlc transport of
d1fferent fert1llzers 1n~' |

L a. Hor1zontal p1pes
b. Vertlcal_pipes
c. Incllned p1pes

»d. Bends N

:\' Partlcular 1nterest should be placed on the part1c1e )

acceleratlon zone,_wh1ch is- near. where the fertlllzer is

xntroduced xnto the a1rflow.' T _
Coa Agronomlc stud1es should be undertaken to establlsh the.
e optlmum shape and 51ze of the fertlllzer ne;t. Further
. studles should be made to compare the effect of u51ng
dlfferent granule sizes 1n bands and nests."~ .
3. Agronomlc and eng1neer1ng studles should be undertaken
in the utlllzatlon of super granhles such as those N

produced by Norsk Hydro under North Amerlcan condltlons.f
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. Appendix A-1: Sieve Analysis of Small Urea Granules
l@wl e ' | R -

' .Scréen mesh - Nomxnal sieve Percent of material . ,
o ' opanxng (mm) . reta:ned on screen
/
,*\ /i ’ ‘

B 7P 7 2 oj.o.‘_ R
#8238, 247
ko 2000 T 5710 -
#12 7 1.68 13,3 L
L #16 . R O . . 4.3
- #18 T 100 . ) R )
o #20 L |
Pan © 900 - .2
" \f - . . ’
*Forestry granule urea dansxty = 786 g/L * ' \\ o
Geometrzc mean dxametar followxng ASAE standard 5319
formula" i
o ’/’bl, z (h log d ) ‘dm - geonetric mean. dianetar
«dm = log [ ZIW ]
. . ‘ ' i, wi -;weight fraction on 1'th
y o ' ' sieva -
°ﬁdo~-;geométric mean diameter
’ of particlea ‘on 1'th
® sieve
L , R _ E . ' _1A2”%%
R | (dy x 432"
- - " d, = diameter of sieve
- ) ' -~ .openings of the 1i'th -
' o ‘ sieve
R T Geometric mean diaméteé - j.ho.mm"

--—— -

* Fertxlxzar densxtzes were datarnxned by gently pourxng
. 1000 mL of fertilizer into a graduated cylxndar, then -
- wexghxng the 1000 mL of fertilizer :




82

m ) 5moa=rnuo edian aanlw 30 sysireuy saets 2L-Y Imucommt, RE

J2IS HS3M -~ T

\81# e

"\ 3IML OISV 3HL HINOHL ONISSVA ¥3L4V. STIINVMI vadn Tivks BEERERY ~ ,,

.. ° /

S

/- HDINBIYLSIO V30T ¥ A8 O3I7ddNS SV SITNVAY YN MVYNS B277777 +

wi
3/

\

usexds uo pqugt;i:“ttg:pﬁt-‘jb Yueozeg



:83_'

Appendix A-2: Sieve Analysis of Forestry Urgalctanﬁleé

Sére;numgsh _ Nominal sieve Percent of material
S opening (mm) - retained on screen
# o are 0 sg
#8 . 238 60.6
.«14", | 140 R o
#16 '1;18 o trace .
#26..v . .841 | trace
Pan - g O;OOAg' S ttacé'

. \ .
[ N

‘Forestry ‘granule urea dens1ty = 749 g/L *

‘kGeometrzc mean dlametet follow1ng ASAE standard $319
formula:

©

-5 . .
i o o .j\ . . : ' »
o -1 5.¥V1 log do) _ -4m = geometric mean diameter
d = log { W 1 ,
L%y ’ Wi - weight fraction on i'th
- sieve “
: . : - SN
. d_=-geometric mean diametetr. ' .
0 of particles on i'th p
sieve s '
IV g o172
. - S f._'. (d1 x 41+1)’
'di = diameter of sieve
: openings of the 1'th )
sieve " o)
Geometric mean diameter = 2.86'mm\ .
N ‘P‘. : ‘,l N . ‘ R . ‘ ‘. \ y ‘ -
* Fertxlzzer dens1t1es were determined by gently pourlng Ce

1000 mL of fertilizer into a graduated cylinder, then
weighing the 1000 mL of- fertxlxzer. :
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Append1x 3—1-'Data for leferent Gate Opan Duratxons stng .

” m,v}'  ' Small GrQnule Urea

. Average

' Average

P

.80% -

o

0.04140
©0.05170
" 0.04830
0.04140
'o 04140
\0 05520
0.05520
0.04780

*AOZTGate

8oy
0.03100
004480
g
0.04480
0.03790
0.05170"
0. 04480
0. 04234

90y

©0.05860
0. 069001
10.06550

0.06550

0.05520
0.0724Q
0 ,'dé‘gfé 0
0.06503

50% Gate open‘nuration"f

~ 95%

- 0.07590

' 0.08620
0.08970° -
,‘0"08266 :5"v

»0.08280 .
o. 0828017

0.07930

0.08279"

open Duration,:

6.03790-
1 0.06550

0.05170
0.05860
0,05170
_ 6;06210?
0.05860
0.05516

s0x -

95%
0 04480

,_o 07930
'10.06210 e
- 0.06550

10.06550

0.07280

0.07240
0.06600



- 30% édlé}qpeﬁdnughtdon”]-

AVefagé

30%

 0.04140

J

.
. Average

P

‘Afébifﬁ;
~4 0. 03450

0. osasof”

' o,osﬁ7Q"

0.0e210

. 0.04480

; oio;de
,0;04377 

.Gate open Duration’

80%

0. 04460~'
0 05T7D

<
’v

' .0§64480
.~ 0.05860
0.05170 -
004480
0.04826 -

Ceox
jo’oéSzbf
0.07590 -
0 07240
0.04830 10.06550
~0.08280
_f0*05530“
'fo osesoﬂ
fo 06750

t,QQii'*v

0 05520

‘0 osaso"
" 0.06210
1 0.07590

0.06550

.0.07240

0.06503

'95%“

0.075%0
0.10380 1
._03Q9§§b
0210000 -
o.70380

© 0.09660 -
ffO;osshj'"

-

S 95%

0 07930

'"n 06550“‘ O”GEBZU |
q,ossso-fw

®5,09310

10.09660

' 86

. ‘E‘lg’ga ons, s

1 9.07930/

o

0.08280 -

0 09310,

o. 087203'!"



Append1x¢B-2: Data ior Dxfferent Gate Open Duratxons stng

Forestry Ureagj”

-

a‘ta for Gata Duratxons 50%

A N I

e

. \ . L

o

" 0.95200,.

- £ 10.05090"
- 0.0d780 -
‘:-io;05210A
10.06550
0‘66440.
“0.05780

Average 0. 06007

. Data”for,Gétélburatipns 40%

>
o

>

Average 0.05233

80%

- 0.06880

0.03080

0.03180
0. 07600
.0, 06040
0.05260

0% 04590

90%,

0.06000
1 0.06180.,

‘A* 95%
‘0. 05400‘*
0.07270

0;08470\ 0.16170.

0.96900
0. 08970
0. oa4vo

0.97460;‘
© 0.07493

90%

0.09380

0.04620
©-0.04090
0.09600

0.07920

- 0.16000
»\"0510690'

0;111§0
0.08810

0,08219

. 95%

' 0.10000
0.,06150

0.05910

0;11600'f”

0. 09810

0 07’36\\\g\95270

0. 06560

0.07027.

0.10160 ™

0.08814

-

R
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~Data for Gate Durations 30%

goy

90%

95%

0.08650 0.11890  0.14590

0.10000

0.09360

. |
0.04230
0.05260

§ .
©70.04000
©0.03050

‘_Ave;agé,0\06364
7 S

Data for Gate Durations 20% |

80%
0.07500
0.06520

0.08000
1 0.04730°
0.06440

0.09670
0.07140
Average 0.07143

N K

0.12730  0.15910
LN Cy

0.10640
£0.09230

9.%8770'

0.10550

< 0.05080

0.09841

e

90%
0.10000

A

0.13190
0. 14820
o.oégib
0L12369

© 0.06780

R4
~ 0.12031

N

95%
0.11500

.-0.08200+ ~0.10000

0.10400
0.06550
0.10176
';0.11670

0.11200

C0.11270

© 0.09580

7 0,09510

0.12200
0.14000 .
0.11700
0.11696

:

.

88
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Append1x c-1: Data for the‘EfIECt oyﬁkn Alr Blast on Small .

Urea Granules

| 80%x 90% 95%’
. 0.03450 0.05520  0.07590
: 0.05860  0.07590  0.10340
10.05170 ’:dio724o.fﬁo,096601 o
0.64830 -o.psSsof 0.10000 - 'ugf
0.06210  0.08280 0.10340 |
0.04480  0.06210  0.09660
0.04140  %.05860 0.09660 .
Average 0.64?77 0.06750 0.09607 |
Nalbeléy
- 80% 90% 95%
0.03450 0.04140  0.05179
0.04480 ° 0.05860  0.06900
0.03450  0.04480  0.05170
0.03790  0.04480  0.05170
| 0.04140  0.05170  0.06210
0.03100  0.04140  06.05170
0.04140  0.05170  0.06550
Average 0.03793  0.04777  0.05763



© 20% Lead

\.
)

'O;€3456.
0.02760

80%

. 1
!

0:03450

0.04140

0.05176

80%
0.03790
0.03450

0.04480

© 0.03450

. 0.03450

0.03450

.0.04140

'~ Average

0.03744

osox
" 0.03790
'0.04830
,0{04430

0.03450

.

06210

0.04827

90%

1 0.04480
Q04480

0.04480

0.05520
- 0.04140
0.04140
'°ib4‘4° i

0.04830

© 0.04533

0.05860

0.05170

»

95%.

004480
, 6.65850
‘-0:05860 |
0.04140

0.06550
0.07590

0.06210
0.05813

95% -

0.04830
10.05520
0.06550
 0,05170 ;
0.04830

6.05170

0.05860
- 0.05419




Appendix C—Z:»ﬁata'for théﬁﬁ?igct'bf an Air Blast on

Check

80%

0.08650

0.10000

£0.09360

©0.04230

0.05260°

0.04000

0.03050 .

Average 0.06364

No Délay‘

80%

0.06050

0.04900

1 0.04150

{

0.07240 .

0.08330

0.08330

 ‘ Averagé 0}06507

0.06550

-

e

Fprestry Urap"Grénules

A

.
90% -

10.11890

0.12730
0.10640

0.09230
- 0-.08770
0.10550

0.05080
0.09841

. 90%

1 0.06980

'0.07350

0.06420
0.08280

0.10000
| 0.09670

0.10670

0.08481

.
»

9
10.14590

0,15910 .
°f13‘9°i'
0.11920 -

0.09470

1 0.12360
- 0..06780.

0.12031

95%

0.07910
0.08750

0.07920

0.09660

0.13100

0.11000

' 0.12330

ijooés

. “

91

-~ .



W -

'0.06330_

5 7.20% Lead «

'80%’

0.03180-

0.04800
'Oéb7030

0.06670

0.05250

- 0.06670
Averade o;p5704

20% Lag

80%
0.05670

‘d.0700d

0.04140
0.06440

- 0.03330

6L07120
0.07930

A?e:agequ05947

‘90%
005450

0.09470

0;@§2b0

0.09270
0.08460°

90%

0.08330

’0:04830

0.10170 :
0.05670

0.09830

0.08550

.95x-

0.09090
0.09630

- 0.12600 -

0‘19200"

011300Q

"0.10657

95%

- 0.09670
;?0}11670‘ B
10;08280}fij; 

0.10850

0.10850

l0#10104‘-”

.

.0.09510
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‘Appendixz D-1: Data for the Effect*bf dh Air Cush1on on Small
| | 4 Urea Granules L | o

/

©.0.08650

0..10000
0.09360

0.04230
0.05260"
- 0.04000
~0.03050

Average 0.06364

80%

0.07590

0.07240

0.06550 .

0.06900
0.07930
0.05170

| 0.06550
‘-Avéfagé.0.66847

“Large ‘Holes

80

0.07950 -
1 0.11030

0.07240
0.10000
0.08280

+0.09660

0.05520

" Average 0.08526

o

0.11890
0.12730

0.10640
0.09230

0.08770 .

0.10550

. 0.05080
0.09841

‘Small Holes

" 90%

0.10247

.95%

-0.14590"

0.15910 .
0.13190
0.11920 .

0.09470

0.12360.

- 0.06780
©0.12031 "

E §

0.08620 <

90% 95y
0.10000  0.10690
0.08280. . .0,09310
0.11720 . 07 13440

© 0.08620 " ‘0 10000
0.09660 ~ .0.10690
0.06550  0.07590
.0.07590
0.08917  0.10049

0.08910;2
0.12070
70.08970
0.11720°
0.09660
0.10340 -
0.10000"

05 12410ﬁ L
- B+13100. -

- 0.10000
.0.13100
0.11030. .
0,11030
0412400 -

0.11867



o Append;x D—2° Data for the Effect of an A1r Cush1on on‘”

NPT '”3«,- Farestry Urea Granules'

Ly L

w o

Check
LR

.. 80%
. 0.08650
. 0.10000
'~ 0.09360"
0.04230

0.05260

.0.04000
' 0.03050

._Average 0,06364 ?

- gmall Holes
:77é6%.'"

’ 0 075907
0407240 -
10.06550
- 0.06900 -
'0.07930
.0:05170
: }0 06550'

Average 0 06847

Lafge'Hdlesfﬂ- N

o Average 0. 08526f

80% x
0.07950% . *0,089"

“’90% '
'0.11890
0.12730

. 0.10640 .

0.09230

©0.08770 °

0.10550

10.05080
" 0.09841

90%

-0.10000
0.08280
0.11720

'0.08620°
0409660
0.06550

;0}68917

,0.41030° -

"0.07240

0.10000
. 0,08280  C
0.09660 0z

0. osszo@,g

1%0.10347

0.07590 ,

'»”fQSx

. S .
C AN

' 95%

10.14590
0.15910 ' ..
0.13190 ...
0.11920. " -
0.09470

0.12360

0.06780
0.12031

- 95%

0;10690%4 A
. 0.09310 -
- 0,13440 -

- 0.1000
.0.10890
0.075%0
‘0.08620

0.10049 -

- q -

00 12410f,‘v-
C0.3H00
©70.10000" °
.:0.13100
- ..0,11030
0411030 < i
.0.12000

0 11“867 .."‘.","f. - o

Q
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vlpéendix ?-1: Sfatisticql Analysis of the Effect of Gate
‘Open-Duration on the Projected Nest Size of Small ﬁrea_

' Granules at the 80% .Level-

‘ ‘|~. "‘.:.:\ . .‘-b . -v','
: table values are in seconds : -
s ' - \table r%ws represent sample for gate open

durat1ons of 50%, 40% 30% and 20%

reSpectlvely

0.0414 0.0517 0.0483 0.0414 0.0414 0.0552 0.0552
0.037 0.0448 0.0414 0.0448 0.0379 0.0517 0.0448
0.0345 0.0586 0.0517 0.0483 0.0621 0.0448 0.0414
0.0448 0.0517 '0.0414 0.0448 0.0586 0. 05I7 0.0448

| Outpuf'f%om‘thé Anova Package

a 3 00019 . .00006. "
ERROR 24 00127 .00005
© . TOTAL . . 27 S U00146

- Output. from thefﬁUnéan Pédkagé

IDENTIFICATION ~ MEAN

2 .048 | o
1 042 S
& .049
- 3 0 .048
a‘x'l R
1 2 3 4
o
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Appendix'E—z: StapiStical Analysis of the Effect of Gate
Open Duration on the Projected Nest Size of Small Urea

'“dreqples at the 90% ﬁeVel

teble values are in seconds
table rows represent sample for gate open
du at1ons of 50% 40% 30% and 20%

respectively
R e

»

0.0586 0.069 0.0655 0.0655 0.0552 0.0724 0.069

0.0379 0.0655 0.0517 0.0586 0.0517 0. 0621 0.0586
0.0552 0.0759 0.0724 0.0655 0.0828 0.0621 0.0586
0. 0552 0.0655 0. 0586 0. 0621 0.0759 0.0655 0.0724

Output from the .Anova Package

A" 3 .00063 - .00021

ERROR 24 .00164 : .00007
TOTAL - 27 .00227 ‘ :
4

., Output from the Duncan Package

IDENTIFICATION MEAN

2 .065
1 - .055
4 " .068 .
3 .065 |
T2 3 4 ¢ ‘

96
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Appendxx E- 3° Statxst1cal Ana1y51s of the Effect ;k Gate
Open Durat1on on the Projected Nest Size of Smal Urea

Granules at the 95% Level

t;blé valyes are in seconds
table rows represent sample for gate open
duratlons of 50%,40%, 30% and 20%
respecglvely
0.0759 0.0862 0.0897 0. 0828 0.0828 0. 0828 0.0793
0.0448-0.0793 0.0621.0.0655 0.0655 0.0724 0.0724

0.0759.0.1034 0.0966 0.1 0.1034 0.0966 0.0966
0.0793 0.0862 0.0966 0. 079210;0931 0.0828 0.0931

Output from the Anova Package

A 3 . .00334 .00[ 11

ERROR . = 24 . .00168 .00007

TOTAL . 27 ..00502
' Output from the Duncan Package .

IDENTIFICATION MEAN

2 - .083

SR L .066
4 .096 .
3 .087
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boos Ex . : 5 . .
} Appendxx E+4J,Stat1st1c§1 ﬁnaly81s of the Effect of Gate
Ry,
gf .
‘ Open Dumat1on ‘on the Pro;ected Nest szé*of Forestry Urea
S R A
\dm.‘ T Granules at the 80% LeVel
ﬂ' . '.\/",_(.«‘.- ; ) ”_( ‘a'. .
‘/maé‘“' o o RS CL '
gy w7 | table values'are in seconds'
@ .@:"‘&f} o table rows :epresent sample for gate open
.%i_f.fyu;gwo'”?‘”°7 duratlons of 50% 40%,30% and 20%
;w%é;” .. T fespectlvely
” S 0, 052 0 0509 0. 0678 0. 6621 0. 0655 0 0644 0.0578"
0.0688 0. 0308 0.0318-0.076, 0.b604°0.0526 0.0459
~“‘ﬁu0865~0 0.0936.-0.0423 0.0526-0.04 0.0305 .
LR f@_‘0_025 0. 0652 ‘0.08 .0'0473 0 0644 0. QSGV 0.0714.

Output from the Anova Package

B

A o3 o 00132 00044
ERNOR .. 24 . .00848 .00035
TOTAL’;‘; 27 - .00978; SR

Output from the- Duncan Package

IDENTIFICATION MEAN
2. .060 . L
B B .052 >
3 | 064 - ‘
4 - .071




Appendxx E-5: Statxstlcal Analys1s of thefsffect of Gate
Open Duration on the Progected Nest sze of Forestry Urea

Granules at the S0% Lev&ﬁ

e
3

: table values are in seconds Uhﬂ@
table rows represent sample for gate open
duratlons of 50% 40%,30% and 20% '

respectively .

|
-0.06 0.0618 0.0847 0.069 0.0897 0.0847 0.0746 4, ‘
0.0938 0.0462 0.0409 0.096 ©0.0792 0.0702 0. 06560,
0.1189 0.1273 0.1064 0.0923 0.0877 0.1055 0.0508 R
0.1 ~0.082 0.104 0.0655 0.1017 0.1167 0.0958 R

~ Output from the Anova Package

A 3 .00420 00140 ,
ERROR - 24 .00905 .00038 T
“TOTAL 27 .01325 o } _ @
Output from the‘puncan Package
.IDENTIFICATION MEAN
2 - .075
4 . .098
3 L.

.095 : o

- 99.
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Appepdix.E46: Statistical Analysis of the Effect of Gate
Open Duration on éh%.P;ojected Nest Size of Forestry Urea

Gi;nulesvat.the 95% Level

téble values are in seconds
table rows represent”sampleﬁ¥or‘gate open
. durations ofj50£&40%,30% and 20%
respectively” * | \
.0640 .0727 .1017, .1000 .1069 .1119 .0881
.1000 .0615 ,0591 .1160 .0981 .0807 .1016

.1459 ,1591 .1319 ,1192 .0947 .1236 .0678
.1150 .1000 .1120 .1127 .1220 .1400 .1170

Output from the Anova Package

‘A 3 ¢ .Bo577 .00192

ERROR - 24 01136 .00047

TOTAL - 27 : 01713

Output from the Duncan Package
. : :

IDENTIFICATION MEAN

2 .092 -
1 .088 .
4 120

3
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Appendix F-1: s;afistiCAI Analysis of the Effect of an Air
Blast on fhe.Projected,Nest Size of Small Urea Granules at

the 80% Levell

tabie values are in. seconds

table rows represent samples for check and
air blast timings of no delay, 20% lead,

/ - : :

- and 20% lag respectively
'f, f.‘ | B | | | |

0.0345 0.0586 0.0517 0.0483 0.0621 0.0448 0.0414
0.0345 0.0448 0.0345°0.0379 0.0414 0.031 0.0414 .

0.0345 0.0414 0.0345 0.0276 0.0517 0.0517 0.0448
0.0379 0.0345 0.0448 0.0345 0.0345 0.0345 0.0414

Output from the Anova Package

A 3 .00058 . .00019

ERROR 24 .00131 ~.00005

TOTAL 27 .00189,

Output from the Duncan Package

IDENTIFICATION MEAN -

4 L0489 E |
2 .038 L c
3 041 :

o 1 .037 -

p=
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.(:ppgndixF-2: Statistical Analysis of the Effect of an Air
Blast on the Prbjeétbd Nest Size of Small Urea Granules at

_ the 90% Level

-table values afe,in'seconds
~ table roﬁs represeﬁt‘famples for check and
‘au ‘blast timings' of no delay, 20% lead,
and 20% lag respectlvely

0.0552°0.0759 0.0724 0.0655 0.0828 0.062% 0.0586
0.0414 0.0586 0.0448 0.0448.0.0517 0.0414 0.0517
- 0.0379 0.0483 0.044B 0.0345 0.0586 0.0621 0.0517
. ~0.0448 0.0448 0.0552 0.0414 0.0414 0,0414 0.0483

Output from the Anova Package

A 3 .ﬁg§21 .00074
ERROR 28 00161 .00007
TOTAL = 27 .00383

Output from the Duncan Package

IDENTIFICATION MEAN

4 .068
2 ©.048
3. .048
1

“.045
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. Appendix F-3: Statiétical-Analysjs of the Effect of;hnvlir
Blast on the Projected Nest Size S6f Small Ureé_G}énnlpé at

the éSi Levei -

-

table values are in seconds BT
~Atab1elrow§ repregght samples for chéck and
air blast timings of no’delay( 20% lead -
and 20% lag respecti§ély
E: L
0.0759 0.1034 0.0966 0.1 | 011034-6.0966 0.0966
1 0.0517 0.069 0.0517 0.0517 0.0621 0.0517 0.0655

0.0448 0.0586 0.0586 0.0414 0.0655 0.0759 0.0621
0.0483 0.0552 0.0655 0.0517 0,0483 0.0517°.0.0586

‘Output from the Anova Package

A3 00822  .00274 =
ERROR 24 . .00196 -00008 -

TOTAL 27 . .01018

Output from the Duncan Package

; IDENTIFICATION MEAN \

4 » 096
2 -.058
3 .058 |
1 .054

1 2 3 4
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Appendix F-G;)Statistieal AnalfSis'befhe Effect of an Air
Blast on {%e Pro;ected Nest Size of Forestry Urea ‘Granules -

f 'at the 80%. Level

il N

table values are in seconds
tableurows represent samples for check and

air blast t1m1ngs of no delay, 20% lead

!

and 20% lag respect1vely
¢ S

~0.08865 0.1 0.0936 0.0423 0. 0526 0 04 0 0305
0.0605.0,049 -0.0415 0.0655 0. 07240, 0833 0.0833
0.0318 0.048 0.0703 0.0667 0.0633°0.0525 0.0667
0.0567 0.07° 0.0414 0. 0644 '0.0333 0.0712 0.0793

Output. from the Ancva Package
A 3 ©.00029 . .00010

ERROR . 24 .00936 - .00039
- TOTAL 27 | .00964 .

. 5!-‘.

- Output from the Duncan Package ' " _—

vIDENTIFICATION MEAN

3 .064

! 4 .065 . ..
1 .057 .
2 ©.089 e
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Appendxx F-5: Stthst1cal Analysis of the Effect ‘of an Alr
Blast on the Pro;ected Nest Size of Forestry Urea Granules

) at the 90% Level

téble valugs*afé'in'sgconds
table rbws,represéht samples-fq; check and
.air blast timings of no delay, 20% lead,

and *20% lag respectively

~N
'

0.1189 0 1273 0.1064 0. 0823 0. 0877 0.1055 0 0508 o T :
0.0698 0,0735 0.0642 0. 6828 0.1 ' 0.0967 -0.1067 - R ;
0.0545 0.08  '0.0963.0.0947 0.09 0.082 0.0947
0 0833 0.1033 0.0483 0.1017 0. 0567 0 0983 0 1069

Output from the Anova Package

A “3 .00095 .00032
ERROR 24 .01014 .00042
TOTAL 27 ., --01110°
- Output from the-Duncan'Package ;:f-' -

IDENTIFICATION MEAN

4 .098 o

2 .~ .085 - R

1 085, = ' )
3 .086 -
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- Append1x F-6: Statistical Analysis of the Bffect of an Axr

Blast on ‘the Projected Nest Size of !orestry Urea Granules o

at the 95% Levelu'

table values are in eeconds
table rows represent samples for check and
a1r blast timings of no delay, 20% lead
B and 20% lag respectzvely
'0.1459 0.1591 0.1319-0.1192 0.0947 0.1236 0.0678
.0.0791 0.0875 0.0792 0.0966 0.131 0.11 0.1233

0:0909 0.092 0.126 0. 102 0.11 0.0951 0,13 ,
0 0967 0.1167 0.0828 0.1085 0. 07 © 0.1085 0.1241

vOutput’from the Anova Package
A 3. .o 00174 .00058
ERROR 24 L0121 w .00050

TOTAL 27 ..01385

Output from the Duncan Package

.IDENTIFICATION MEAN

L1071

4. 120
T 101 .
3 .107 .
2 8
7




Append1x G-1: Statxstxcal AnaIysxs of the Effect ‘of an A;r i

) ; t

Cushion on- the Pro:ected Nest S:ze of Small Urea Granules at

]
A

the 80% Level ‘  '(
) - . . 4 1Y “\\ .‘ l. , .
table values are in. seconds - .
}.il ' table rows represent‘samples for check

'small hole air cush1ons and large hole

air cush1ons respectlvely

r

0.0345 0 0586 0 0517 0. 0483 0 0621 0. 0448 0. 0414 : -

0.0552 0,0621 0.0483 00517 0:0655 0. 0655 0:.0586.
:0. 0517 0 0552 0.0483 -0. 0552 0. 0448 0 0621 070655

-

'S

~0utput frbm the AndvaFPapkagé ,

A 2 .0003% .00016

_ERROR . 18 .00115 ..00006

TOTAL 20 - .00146

- Output from the Duncan Packagé

IDENTIFICATION MEAN | SR o e

1 ' .049
3 .058
S22 . 055 SRS
~ . |

107 -
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L Append1x G-z Stat1st1ca1 Analysxs of the Effect of an Air
Cushxon on the Pro;ected Nast 81ze of Small Urea Granules at

]
the 90% Level

. table values are in seconds’

“tabiesfows‘;gpfesent samples for check,
. )' - ' .jQSmali'holQﬁajr‘cﬁéﬁioﬁs and large hole
| | aif.cuﬁhiOnﬁ régpéctively
S 7
.

0.0552 0.0759 0.0724 0.0655 0. 0828 0.0621 0.0586
0.0655 0.0759 0.0586' 0.0655 0.0862.0.0759 0.0724
0.0621 0.0655 0.0621 0.069 0.0586 0.0759 0.0793

. .
Output from the Anova Package |
A 2 ©.00007 - .00004.
"ERROR ~ : 18 = . 500144 . 00008
 .TOTAL , .20 . . .00t51 -

Output froﬁ_tﬁe'Duhcad Package
- *IDENTIFICATION,, MEAN:

2 . .068 e
'3 4,071
12 3 -
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‘; Appendxx G- 3- Statlst1cal Analys1s of the Effect of an Air
.eCushxon on the Projected Nest Size of Small Urea Granules at

t

the 95% Level

‘table values are-in seconds
_wtable rows represent samples for check
small hole air cush1ons and large hole

. air cushions respectively

”0 0759 0.1034 0. 0966 0.1 ‘0 1034 0 0966 0.0966 .
0.0759 0.0897 0.0759 0.0793 0. 0€86 0.0862.0.0862 -
0. 0724 0.0897 0.0759°0.0828 0. 0759 0 0897 0.0931

Output from the ‘Anova . Package

AL - .2 . .. .00074 - - .00037.

ERROR -~ 18 .00129 00007
JTOTAL 20 .., .00203 | >
. g , - o

Output from the Duncan Package

IDENTIFICATION MEAN . . ° - S

o

. 3 .096
a2 .084
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Appendxx G- 4 ‘Statistical Analys1s of the Egject of ‘an Air
Cush1on on: the Projected Nest Size of Forestry Urea Granules

at the 80% Lgvel

P P TR

- table values are in seconds

table rows represent samples}fof check,
small hole air_cushions.and large hole | ’//;>x
air cushions respectively - .

0.0865 0.1 0.0936 0.0423 0.0526 0.04 0.0305

0.0759 0.0724 0.0655 0.069 0.0793.0.0517 0.0655

0.0795 0.1103 0.0724 0.1 0.0828 0.0966 0.0552
Output from the Anova Paékage

A 2 .00180 . ~.00090

. ERROR 18 .0075¢ .00042

TOTAL 20 .00935

Output from the Duncan Package

IDENTIFICATION MEAN

1 .064
2 . .068 -5
3 - .085



‘Appendix G-5: Statistical Analysis of the Effect of an Air
. Cushion on the Projected Nest Size of Forestry Urea Granules
| at the 90% Léwel

-

table values are in seconds
table rows réprésénﬁ samples for check,
small hole air cushions and large hole .

air cushions respectively

- 0.1189 J0.1273 0.1064 0.0923 0.0877 0.1055 0.0508
- 0.1 0.0828 0.1172 0.0862 0.0966 0.0655 0.0759
0.0897 0.1207 0.0897 0.1172 0.0966 0.1034 0.1

4

- Output from the Anova Package

A 2 . .00065 " .00033
ERROR 18 . .00645 .00036

. TOTAL . . 20. .00710

Output from_the Duncan Rackagé A

IDENTIFICATION MEAN

2 ‘ - .098 - ~ ' o : )
1. - 089 ’

3 . 102



Appendxx G-6: Stat1st1ca1 Analyszs of the Effect of an Axr
Cush1on on the Projected Nest Size of Forestry Urea Granules

at the 95% Level BN

table values are in seconds
table rows represent samples for check
small hole air cushlons and large hole

air cushions-respectively

0 1459 0.1591 0213ﬂ9 0.1192 0.0947 0.1236 0.0678
.1069 0.09317 0.1344 0.1 0.1069 0.0759 0.0862 ,
0 1241 0.131 0.1 0.131 0.1103 0.1103 0.)24 : -

Output from the Anova Package

A 2 | ..00170 .00085-

ERROR 18 ‘ .00867 .00048

TOTAL - 20 .01036

Output from the Duncan Package

IDENTIFICATION MEAN

3 .120
1 .100
2 ' .T19
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‘Appendix H: Fan Characteristics
. Air With.
: ~only Fertilizer
Fan 61.43
speed B * “{r/s)
. Fertilizer 0.0 .308 SRR
flow (kg/s) (kg/s) :
Air : , | S
- flow (L/s) 229. 155 . o
* velocity in duct 28.2 m/s 19.1 m/s D2
Power 3,48 ©4.88%
(kW) | : | |
Static W 320 393 .
Pressure yA 257 323 : :
(mm water)
Pressure loss -
between W & 2 ‘ 63 70
(mm water)
'Atmoépheric. -
pressure (mm-Hg) 700

Intake air temperature
dry bulb
wet bulb

23 degrees Celsius
177 degrees Celsius

% the total airflow into the fan was assumed to flow within

~ the duct without a significant

change of density .
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ag? ..
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. - alew L L
. . B

- . | Air 7 Wigh
. = ~only - - Fertilizer

.Fan L | 'S§.7T‘:.
speed (/s

Pertilizer 0.0 - " .30
flow ™~ o oo (kg/s) ... (Kg/s)t o

CAdre A
“flow . (L/s) ~;~~»umﬁ;z19 SR 139,

* veIOC1ty 1n ductﬂ,f,j27 0 m/s R i 1m/s -‘772';‘1 .‘
Pover (kw) li<::}';‘§ 84 'v':” f'7'4:03-v*v;«mn}, . Ce iy
- Static

W
"Pressure = 2
(mm’ of’ waterz

"PfeSSSDrevlosS-w:y S e T
. between W &2 . BE T U6 :
~ (mm of water) L o
Atmospheric - ' ‘ 728
pressure (mm Hg)
| ,

Intake air’ temperature . ' o
dry bulb ' 26.5 degrees Celsius .
wet bulb * 17.5 degrees Celsius

. % .the total airflow into the fan was assumed to flow within
the duct wlthout a 51gn1f1cant change of den51ty
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