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Materiales handling 12 a problem in every type of industry.
*1t has been sald that today the greatest opportunities for the
reduction of industrial goate and for increased manufacturing
.effiataﬂay 1ie in the more cgonomical handline and transporting
of materisle rather than in the more economic:) manufseturing
end progessing of materisls (1)." DUvery element going into s
procese and the finleshed product emerging has to be moved,
sounted or welzhed, and gtored, The rower Industry iz not an
excention, Fuel has to be moved to the pover plant and
welghed, sztored, revelghed, restmrga in & hopper, a&nd then
traneferred to the boller., Ashes have to be removed and
sarried away from the plant, Large cusntitiez of alr have
to be forced into the boller, “team has to be plped to the
turbines, and the electricsl energy has to be Aletributed to
the consumer, All of thie gonstitutes & complex materisls
handling problem,

in the power plant, the most critical trangporting proe
blem is that of moving the fuel. The production of steam and
elactrical energy dependc on adecuate and steady Mlovw of fuel
to the boller, In power plantes th&t utilize geal a2 the prine-
eiple fuel, an sdeqguate record has to be kept of the cuantity
of the flow of gosl, This has to be done to insure gcomplete
naterizl control, To 4o thig, the coal has to be welghed,
The sublect of thig thesis deals with this one L1tem in the
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problem of coal handling in the modern power plont, Cosl
coming into the power plant is often welghed as 1t is unloaded
from the cosl ears., In some plants the cosl ie sgain welghed
on a conveyer belt or by s weigh larry., At the present tinme,
no mathod is used in the power plant to indicate the flow of
goal and alr and indicate the airefuel ratioc after the coal
has been pulverized and iz being carpried to the burners.
Such & device i3 the objlect of the investigation that this
thesis 18 reporting. This devige is & coalealr flowvneter
that could be placed in each 1ine garrying pulverized goeal
and primary alr for each burner. The operator could know
what the aire-fuel ratio and the coalealr flow to eagh burner
wag at all times, The suthors feel the ‘evelopment of such a
neter will result in 2 more excet eontrol ovaer combustion at a
time when in steam gonerator de-ign, contrel 12 & necessity
rather than a convenience, There are many other applications
of the meter, such as the measurement of finely divided solids
flowing in gas stresms such ng thoge found in some catalytic
sracking processes,

The suthors in undertaking this investigztion are prinae
rily intereasted in the sontroel of flow in pulverized-gosle
burning equlipment in the power industry,



There are many different wsys of weighing coal in the

power plant, Of these, #lx are the most gommonly used today,.
| The mogt common method of welghing coal in plante having

gtoker fired furnaces 1s by the welgh larry. The welgh larry
is a traveling hopper that moves on an overhead track bagk and
forth in front of the 4ifferent bollers in the plont, The aver-
age welgh larry has a capaoclty of about 2000 1lba., The hopper
is connected to a balance arm by & linkage such that any
welght up to the hopper capeacity can be obgerved by balaneing
the arm. The hopper forms the ssme function ag the platform
on a =2imple platform scales, A motor is generally used to move
the larry, Ceal can be taken from any part of an overhead
bunker, weiched, and transferred to any boller in the plant
along the bunker line, Thleg type of welghing device 12 used
principly in plants having stoker fired boliler furnaces,

Another method of finding the flow of coal that can De
utilized in oozl cghutes, is the Bailey Coal Meter (2). The
primary element of the meter is 2 seotion of a helix mounted on
the center line of a chute and geared to a revolution sounter,
After oalibrating, the rctatioﬁ of the helix will measure the
weight of onal flowing through the chute, If the clmte
should empty 28 when the coal hangs up above the meter, the
helix w11l contimue to spin, The readings are v2lid only for
s gontinuing flow, The chute must be within 20° of the
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vertical position and the coal must be sized,

A third type of welghing device 1z the Batch type welcher,
It generally conslats of a counter-weighted hopper fed by a
short belt feeder. When the weight of soal in the hopper
balances to the adjuszted wvalue, the hopper drops slightly,
stopping the feed and opening the hopper discharge gate,

When the hopper 1s empty, the gate closes 2nd the oycle ree
peats itself, Each drop is recorded on a counter, The stone
dard elzes range {rom hopper cospacities of 200 to 1000 1bs.,
and the naoniine operates within 0.5 per cent acourzey under
average conditions, If the cocal flow ehould be blocked, the
gyocle gtops until the recelving hopper is ¢leayr, The scale
operates only at a rate egalled for by the consumption, In
many pulverized fuel plonts, thie type of welgher is used to
woelgh the ooal just before 1% enters the pulverzing mills,

A fourth method of welghing coal ia the poldometer., The
opsration of thiz instrument depends on the movenment of a
constant volume pribbon of material., A short belt supported
at the exaet center of itg length, by = scale beam, which as
1t 11fts or falls lowers and ralses 2 gute controlling the
flow from the téuﬁ hopper, thax leveling the gtresm on the
belt to a depth or welght per foot of belt as determined by
getting of the ascale, If the belt should hang up, the belt
will automaticslly stop, and resztarts automatically when flow
regumes, The meter records the number of feet traveled by

the loaded belt and this multinlied by the weilght at which
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the soale beam hag been set reglsters the pounds of coal
delivered,

Another similar welghing device is the feeder weigher,
Thie instrument alse works on the principle of a constant
amount of material traveling on a belt., A short pivoted belt
takes the material from a hopper at a pate controlled by a
welghted lever, which opens or closes the hopper gate depend-
ing on the load on the belt, The rate of feed 1s adjuatable
either by adjusting the aaunteé welght or by variable speed
drive. The belt maintains a ¢onstant rate of dlascharge by
welght and a revolution gounter records the belt travel.

A sixth weighing instrument that 1s used in the power plant
| is the weightometer. This type of welgher 1s also used in oon-
Juotion with a belt feed system. An integraded disk hag
erowned rollers around the periphery and is free to $1lt under
the pull of the balance beam of the weigher, A narrow held
that encircles the disk ls driven by the coal carprying bels,
Jhe mechanism is adjueted =0 that when the conveyer ig under
no load the disk will not rotate bec=use 1t will be at = 90°
angle:%ith the direction of travel of the small belt. Any
load on the conveyer belt tilts the disk and it rotates
glowly, depending on the degree of tilt, which in fturn de-
pends on the load on the conveyer, The rotation of the disk
18 = measure of the welght of msterial passing over the suse
pended section of the conveyer belt., The rotating disk reg-
isters the total welght sonveyed.
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Hoat modern power plants use one of the above methods to
welgh conl, The Blyn Lyn Statlon of the Appalachian Blectric
Company and the Ti4d Plant of the Ohio Power Company both use
batoh type weighers placed in the c¢oal hanfling system Just
before the coal enters the pulverizing mills (3). The Chare
lotte Station of the Duke Power Company utilizes weilghtometers,
One weightometer 1s used with each bunker and pulverizing mill.
The new Philip Sporn Statlion now under constmuction that will
be a joint stution of the Appsalachian Tlectric Power Company
and the Chlo Power Company does not have any method to weigh
goal going to each boller (4), This plant, when finighed, will
have a generating c¢epaclty of 250,000 KQ. ,?ha coal is welghed

‘on a belt entering the plant, Ko dlrect method 1s used for de-
+ termining the ocal flow ta_gﬁ&h boller, ¥ach boller will have

“%en.burriers, The new scotlon on the Twin Branch station in

Gh&é&gé has a bateh type welgher before coch pulverizing mill
€5). Fach boller hag eight burners supplied by four pulver-
izing nills,

Ag far aog known, no method iz in use today f{or measuring
the flow of coal in the power »lant after pulverization, In
moat plants the coal 1s weighed the last time Jjust before
entering the pulverizing mills, Xach pulverdizing mill may
gupply coal from twoe to gix different burnersz on & single
boiler, The asgsumption 1lg olways made LY power plant enw
gineers that the flow of cosl 2nd air to each burner 1s egual,
The need for a meter that would indiocate the flow of c¢oal, the
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flow of air, snd the sir-fuel ratio in esch burner pipe line
¢an be fully apprecizted, fuch z meter would give better cone
trol over gombustion in the furnsce, The boller operstor

gounld know the alr el ratio and the flow of goal goling to
each burner at all timea, Home bollers thnt utilize pulverized
goal may have 28 many ag 20 burners, It is not unrﬁagaﬁﬁhlﬁ

to assume that the sir-fuel ratlic in essh dburnsr pine line

will not be ecual, It iz feaszlble that a burner looated around
the boller from the pulverizing millsz will recelve less coal

than = burner lonsted cloze to the mill,

feveral devices have besen tried for messuring the flow of
a0lid particles being carried 4in =n ailr ztream, A swinglng
vane guspending from a horigonts]l bar heos been tried. It 12 re-
ported that several asmch devices have been used in the Wit-
watersrand £old minee in South ifrica (6), During the course
of research on this problem st Battelle Yemorial Institute in
Columbus, Ohio, it was proposed that two swinging vanes de
placed in the coal air carrying line, one defore the intro-
dugtion of the corl and one aftor the oozl has been forced into
the alr gtream, The difference in the zngle of inelination of
the two vanes would indicnte the flow of gonl, The effect of
the ooal on the second gwinging vane could not be messured by
a change in angle of awling,

A photo electric meter was bDeling investigoted at this tine

"~ also at Battelle (6)., This neter employed = nog:le thet
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converged the a2ir and cozl stresm such that a light beam could
be directed ncrosgs thiz stresm. The nmeter was to operate on
the princirle that cozl passing in the atream would vary the
lizht intensity of the beam f2lling on the photoeleetric cell,
The nozzle was to measure the flow of nir. During thls inveaw
tigation At was found that the pressure differentiocl zeross the
nozzle was affected by the presence of coal in the air streanm,
A sonventional orifice was 2lao tried and it was found that the
pregsure differentisl was only slighily affected by the introe-
duction of cosl dust in the oir stream, Utillzing @ nozzle and
an orifice in gerles, Messre, H. ¥, Carlson, 7, ¥. Frazier, and
Re B. ¥ngdahl of the Dattelle Memorlal Inaetituts bulilt 2 labo-
ratory model of the coal-alr flowmetaer, They reported their
findinge in =z paper entitled, A Meter for Flowing Mixtures of
Alr and Mlverized Cosl apperring in the February, 1948 Trans-

agtiong of the ASME,

Theory o g

Hessra, Oarlson, Prazier, and Engdahl could not advsnce s
complete and gatiefactory theory for the nction of the meter,
Agoording to them, the szimplest theory ig thst the particles do
not have time to seoelerate in the abrupt contraction of the
crifice, hence the passzage is not indicated by the orifice
differential, An oriflce measures acceleration alone. They
therefore, contend that since a2 nozzle willl measure z Goalw~alr
mixture, the particles do have timte to agcelerate in a gradual

acngtriction such 2z 12 characteristic of & nozzle.
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As another line of thought, they bring out the deduction
of Stodola on the lag of suspended particles of wet steanm
that form at the throat of a nozzle and lag behind the mein
gtream of steam because of their inertia, However, this well
known effeot did not indlcate the difference between the action
of an orifice and a nozzle,

An additionsal effect advanced by Hesars, Carlson, Frazier,
and Engdahl, 1z that the lag of particles in the accelerating
stream may distort the flow pattern through the orifice, The
flow pattern 12 normally esgtablished by the orifice face and
18 maintained by the forcs of the moving =tream, On the other
hand a nozzle hag walls that definitely form the flow pattern,
In the ecase of an orifice, the dust particles may form a gon-
sentration around the face, distort the flow pattern, and shift
the vena~gontracta, This could elther increase or decrease
the indicsated flow rate,

Mr. J. ¥, Cunningham of the Gulf Research snd Development
Company, Piztsburgh, Pennegylvania, wrote in the discussion of
the paper written by Hessrs, Carlason, Prazier, and Engdahl
that a difference in the acceleration of the coal particles
and that of the alr 2t the entrsnce of the orifice would
produce a gongentration and thus an scoumulation of coal at
the mouth of the orifice., He therefore, concludes that the
orifice readings should give an indicztion of the coal flow,
rather than the nozzle which is contrary to actual experi-

mental results,
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Kr. Cunningham advances the theory that the noszzle pressure
differential 1g affected by the presence of ¢oal because of the
friction and viscosliy elfects of the mixiure flowing, As
Hr. Cunningham wrote, "While friction and viscosity effects are
gonsidered indirectly in the flow goefflicients of the meter
elements, the frioction effeots will be more pronounced in a
nozzle where the fluld completely fills ite boundrieas, whereas
the fluid in the flow through an orifice makes contact only at
the entrange,”

Hessrs., ¥, E., Young, J. T. Ferrpy, and A, E. Herghey of the
Regesrch Laboratories of the ¥Westinghouse Eleatric Corporation
have also built & ceoal flowmeter in connectlion with their in-
vestizations of feeding and burning pal?§rlzaﬁ'amal, Their
meter waz bullt in & threswqu&rtér ineh pipe line., They ex-
perienced trouble in keeping the nozzle and orifice free of
goal aggumulation, Hessrs, Young, Perry, and Hershey contend
that there 1z no distortion of the flow lines through an orie-
fice as Neesrs, Carlaon, Frapler, and Zngizhl have advanced as
& posgible theory. According to photographs of path linees
a proaching and pagsing through orifices and nozzles, the diffe
erance in the ghape of the psth lines are relatively small for
the two Aiffersnt elements (7).

In relation to ¥r, Cunninghsm's friction theory, Hr, Enge
dahl wrote later that nozzles with stralght throat lengthas of
five to ten dlameters were used in the meter, Wo difference in

meter performance could be notloed between the usge of the long
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and short throsated nozzles. ¥r., Engdshl belleves that if frice
tion were an important feetor, there would have been a marked
Aifference in meter performsnce while using two difTerent

length nozzles,

Mesgara, Carlson, Fraozier, and Engdshl constructed coaleair
flowmeters in /4 inch, 1 1/2 ineh, 2 inch, =nd 4 inch nominsl
pipe diameter pipve lineg. They found that nire size in the
above range had no effect on the performsnce of the metar,

They did nat‘mak@ a gomplete astudy of the effeot of different
nogzle to pipe dlameter rotlos, The range of ratlos they

used in teats with the orifice was 0,6 to 0,75, Tests were

run on the meter using different c¢osl fineness. As finer coal
was passed through the meter, ths flov indlestion beozme
smaller than the astual flow, The opposite wag true for larger
particle size ooal. Pighty-five per eent through 200 mesh gave
mmmmﬁ%ﬁﬁwﬂywmemtha%mlmﬂfmm The
maximun per scent erropr for 4lflersnt particle slze was not over
7 per cent for a range of particls sise of from 75 per cent to
92 per cent through 200 mesh,

The tests of the meter have glven acourate results within
wlug or minus 5 per cent over a range of zir fuel ratios of 3/4
to 1 to 2 %o 1,

Some trouble was exnerlienced by the acoumulation of cosl
on the edge of the orifice, This probles was overgome by

bending & layer of rubber on the £:¢e of the orifice,
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The teet meters were bullt in lines operating at 100 psei
and lines operating at 15 psi, Except for manometer line
leakage, the meter prefomsnce vasg good, The lesks in the mano-
meter lines caumed cozl to De drawn into the linez and clogging
them,

The meter wae found to work equally well in s vertical
line as in s horizont 1 pipe line,

Parther investigetion of the meter at Battelle wae aa@»
pletely stopped in Februnry, 1948 (8)., As far as known, no fur-
ther work hag been done on the development of the meter up o
thia time.

The nozzle in the meter at Battelle utilized throat taps,
Hegors, Carlson, Frazier and Engdahl stated that they belleved

pipe t ps would give the same results.

The =uthors feel that the conplete derivation of the meter
equation should sppear in this thesis. Therefore, the mster
sonation 12 derdived below ag token directly from the paper by
¥essrs. Csrlson, Prazier, and Engdahl st Battelle Memorial
Institute.

After A% waz observed that the orifice differ-
ential weg not greatly affected by the presence of
eoal particles pugeing in the line, whereas the noz-
zle differential werg affected, the tvo elements were
n'aced in eeries to measure both the flow of sir and
goal at any point in a conlealr line, This method of
measuring solids in an alr or gas stresm was bhelleved
to be new, and s patent zprlicition hse been filed,
Further algebralenl manipulsations ghowed that by
uzing the ¢«leuletions of both of these elements,
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together with & minor sim lifyling assumption, 1t was
pogzidls to obtain a simple mathematical formula which
enables the direst ssloulation of the amount of coal
flowing wlithout knowing the density of the mixture
flowing, as would De recuired 1f the nozzle alone were
used, The derivation of this formuls followe,.

The eguation for gravimetric flow through & oone
striction i¢

%§=€£3Af,\/2gAﬁ..;~un~...a‘.»(fi?

where
¥ = welght rate of flow of the fluld, 1b, per hour
€ =fluid density, 1lb per ou ft
0 = coefriclent of dlscharge
A= ares of conatriction, sg £t
£ = veloelty of approach faotor
£ = agceleration of gravity, fne
h- differential head in feet of fluld

If we nov agsume the mixture of ooanl and alr
flowing through the constriociion to be a homogeneous
fluid, and assume that ¢, the coefficlent of dis-
gharge, remaling constant for fluids of different
densities, only the faotor 4in the equation will change
as coal is added, however

an=%%,

i =pressurs 4rop acros: gonstriction in inches
of manometer fluld

w= density of manometer fluld used in messuring

pressure d1fferentisl, 1b per ou £t

whera

The formula then becomesn

, /&§&£

'szeﬂﬁf geitaétttﬁhtﬁﬁﬂﬁtgg)
which ecuals

ag:aar,\/@»/?_.”“,““..‘w)

fow for a coale=alr mizture pag ing through the
gonatriction

e:‘w&’eaiiilﬂﬁpttiﬁl‘&)

Wa



where
€= density of mixture, 1b per cu £t
€s = density of air, 1b per ocu £t
Wa = welght rate of air flow, 1b per hr
We = welght rate of coal flow, 1b per hr

If it 1e agsumed for the density of the mixture
herein considered that the coal ocoupies no space,
an agsumption that makes less than 0,25 per cent
error in the caloulations, Eouations 3 and 4 ¢an be
sombined to give

W&;‘ o= GMJ&wea/Jgi‘gﬁi wg’t . ¢ @ !(5)

which in turn ecuals

Wa # We =e.mf4/§%f/%

Squaring both siaeg, we have

(va # we)’ ((CM,‘@T ) (E*———A*-“ ¥e)
e (Wa £ We) =(@cﬁr~/yﬁ??;‘ zf

Thus the coal rate is

or

—\ 2
gzlw o
,_(&Gwzz) . \ ‘
We = . wa.n»oatodo(?}
Wa
The expression in parentheses in Houation 7 12 a
fictitious "Mixture flow," where L iz the pressure
drop for the nozzle passing alr plus coal, but the
density used in the expression 1s not that of the mix-
ture, but of the alr alone. It is computed from the
measurements as though air alone were flowing, If
this expression is replaced by ¥Wan, Fouation 7 becomes
W2an ,
Tge-.*?:ym‘%a“”""""'(s)
¥a is obtained very nearly by using an ordfioce
with the ususl flow formula in the mixed flow line.
Thus the weilght rate of coal flow may be calculated
by using the flow eguation for both orifice and
nozzle ag though alr alone were flowing, and sube
stituting these two caloulated rates in Equation 8.




The Cbject
The object of this theslis is to design, bulld, and calie

brate a coal-alr flowmeter to operate in & pipe line through
which a mixture of powdered coal and alr are being dlown; and
to investigate the agouracy of the meter while operating at
different air-fuel ratios,

It is the authors intentlon to test the coal-alr flow-
meter in =z pipe line in which anndigiona exist that closely
simulate actual conditions that exist in power plants burning
pulverized coal, The flovw e$$naeteristxes of the meter will,
ag near as possible, be the same a&s may be found in a typlcal
industrial application., For this reason, & large gize pipe
line will be used and the air pressure in the pips line will
be relatively low.

It 18 Delleved that a coal-alr flowmeter has not before
this time been investigated in a large pipe and utilizing
1§w pressures,

Beoause of conditions over which the authors had no cone
trol, flyash had to be substituted for coal for the testing of
the coal~air flowmeter., The authors sare msainly interested in
the measurement of the flow of coal and therefore have referred
to the meter ag a coal {lowmeter throughout this thesls. The
authors believe the use of flyash as the test medium will

demonatrate the usefulness of the meter to measure the flow
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of any type of finely 4ivided particle being carried by an

air strean,

4 questionnaire wvae malled to the Glyn Lyn and Logan
Station of the Appalachlan Electrie Power Company and the
Charlotte 8tation of the Duke Powsr Company. The following
guestione were asked of the superintendents of each of the
above statlional

1, The approximate coal particle size after lsaving pule

verizing milla;
Answere rocelved from Glyn Lyn, Logan and Duke
were, 00-90 per cent through 30? mesh soreen;
79 per cent through 200 mesh screen, and 78,6 per-
gent through 200 nmesh csoreen,

2. The size of the line supplying primary sir and pulverized

coal %o eagh burner; |
Answers received from Glyn Lyn, Logan, and Duke
wers, 10 inch lines.

3. The pregssure in the above line;

Answers recelved from CGlyn Lyn, Logan, and Duke
were, 2 inches of water, 6,7 inches of water and
3 inches of water,

b, fThe alr-fuel ratio in the above line;

Answers received from Glyn Lyn, Logan, and Duke
were, not known, cannot be determined, and

arproximately 1.5 1b alr/1b coal,
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5. The approximate coal flow in 1lbe/hr in the above line}
Angwers recelved fron Glyn Lyn, Logan and Duke
were 6,250 1bs/hr, 5200 1lbs/hr and 3000 lba/hr
to sach burner,

6, The method (if any is used) for finding the flow of

coal golng to each burner;

Answers recelved from Glyn Lyn, Logan, and Duke
output of mill
numbser of burners

were all three answered
Using the approximate alr-fuel ratioc of 1.5 glven by the Duke
Power Company, the velocity of the coale-air mixture in a
burner pipe line may be caloulated.

The coal flow given by the Duke Power Company ie 3000 1Db
per hour per burner. That will be L 3 oogoa orll.as 1b of alr
per gsecond per burner. That in turn is equal to““f§;g~ or
16.68 efs of air flowing. The area of a ten inch pipe line

18 D.5k6 sauare feet, Therefore, the velocity will be

lﬁidgi. or 30 ond.
0.546 '

If an air-fuel ratio of 1.5 is assumed for the Glyn Lyn
and Logan Stations, the approximate veloclity nmay also be cal-
culated, If this be done, the velocities for the two plante
will be 49 feet per mecond and 63 feet per gecond,

From curves on the velocity of flame propagation with
powdered coal, 1t ¢an be seen that the highest valus for the
soal plotted is &b feet per second (9). The authors chose an
average of 50 feet per second as the desiz» veloclty for test

metars
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Becange 1t was desired to test the meter in a larger pipe
size than has been already done, an eight inch pipe size was _
ghogen,

Ingide diameter of a2 standard eight inch pipe is §.00 in,
Area of pipe lz%iﬁzﬁiﬁmﬁéﬁ%§&f='a.356 8q £t.

Volume of {low @ = AxV
Where A - Area of flow, sq T%.
V= Velocity in pipe, £t per gea,
Q=50 x 0,356 =17.8 ou £t per gec.
From PV= AT, the volune per 1b can he caloulated,
Yhere =1 1b,
R=153,3 for alr,.
T =460 4 70 = 530°R.
P=28 in, of Mercury x 0,491,
Specific Volume= ZHLEAl0
Poeip = 5
P= 0,070 1b per cu £t,
The flow of alr Wa, 1b per ged -G x
= 17,8 = 0,070
Wa =1,25 1b per seg.
or 1.25 x 3600= 4500 1b per hn,

For a minimum pressure drop an orifice-to-pipe diameter ratio
of 0,70 waa chegen, This gives an orifice dlameter of 8,08 x 0,7
or 5.656 inches,

The throat dlameter %o sipe dlameter ratio for the nozzle
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wag chosen as 0.65., This gives the nozzle throat dlameter as
0,65 x 8,08 or 5.25 inches.

Caleulation of the Reynolds number for these conditions
gives the following! ,
’ i
DU 1T
Where w= flow,; 1l.25 1b per sec.

Dy dlameter of orifice, 5.649 inches.

u - absolute viseosity, 12.75 x 10, 1b/ft/sec

For the orifice, R, =

from figure 14, page 25 (10).
R@: gg‘mg, 1. ga_.s , ,
0 3,14 x 5.649 x 12,25 x 10°¢
Ro= 276,000

W
For the nozzle Hy® iﬁnﬁ-n

Where Dp= Diameter of the throat, 5.25 inches

T 3,14 x 5,25 x 12,25 x 10°

From figure 31, page 44 (10) it can be seen these Reynolds

numbers for flow are sufficiently high to give constant flow
coefficlents, From page 54 (10) the flow coefficlents K for
the orifice ig found to be 0.7025, From page 44 (10) the
nozzle coefficients ig found to be 1,088, Both these co=-
efficlents include the velocity of aporoach factor,

The practical formula which is derived from the fundamental
flow formula glves fluid flow on the welght basls as follows!

w= 413, 38D/ B

Where - B- Barometer reading, inchea of Mercury
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K = flow coefficient.

W= flow, 1b per hr,

1= differential across element, inches of water,

T = temperature of fluld flowing,’R abe.

D = dlameter of the conatriction of the element, in,
, ' , z|/' B
Therefore flow for the orifice, ¥,=413.3 x 0.7025 x 5.649 T

" T
By design Wa= Wy= 4500 1b per hr, since Q =1.,25 1b per ses,

~ Therefore 4500= 9@50@

1 =4,5 inghes of water drop agross the orifice.
For the nozzle 1t is first negeasary to solve for Wg,.
For en air-fuel ratio of one to one, the coal flow will be
4500 1b per hr,.

2
(¥gpn)
‘;’g\e :"”ﬁu R W&

2

4500 =5§§§-‘0’- - 4500

(4500)°= dan2= (4500)°
, 2 2
(Wan) = (4500)° £ (1500)
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The flow through the nozzle 1s given by the expression
2'/ [sm

Wy, = 12,3104/ 3528

530
But Wep= Wp= 6360 = 12310 L*;a;-o
- 4x28

1 =5.10 inches of water differential across the
the nozzle.

The overall pressure drop through the meter will now be
determined, The pressure loss through nozzles and orifices
gan be approxinmately be found §rom the expression,

APt= Ap"%“}% Page 17, paragraph 56 (10).

Where Ap' pressure loss in inches of water,

ApY differential pressure asross elenent in
inches of water,
P2/ D - patio of dlameters,
K= flow coeffiocient,
For the orifice:

2

| 025 ( 6/8,08)

AP' = 4,5 3 0.7025 (5,65 /8.08}2
aPlo-h5 7 0,305

AP = k,5 x 0,487

Ap'yr 2,2 inches of water loss through the orifice,

For the nozzle: 2

1-1,085 Si.ZQZB.GB)?

] .
AP n =51 701,085 (5.25/8.08)"
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’ - >
AP =51 5088

AP';‘= 501 x 9-3?2
4 p' = 1.9 Anches of weter loss through the nozzle.
The total pressure loss through the meter will equal

approximately the sum of the pressure losses through each ele-
ment. Therefore, p'm= Ap‘g "Ap'n

or p'n=2.2 £ 1.9
P'm= 4.1 inches of pressure loss through
the meter.
The additional power required to overcome the pressure
loss due to the meter being in the line can now be caloulated.

. . W PpH
Ho F.:-—-&a—ﬁ%m
550

Where W =weight of alr and coal flowing, 1b per sec.
H=feot of air equivalent to one foot of

water pressure,

H, poc-fedxll. 1/02) x 89k
550

He P.= 1,385
For the purpose of the test of the above coal-air flowmeter,

flyash and alr will be blown through a pipe line in which the
meter has been installed, then through a separator from which
the air will be emitted to the atmosphere. The blower will

be required to deliver about 1075 cublie feet of alr per minute.
Asgunming 10 inches of water pressure loss due to pipe friction
and the separator, the total pressure logs through the test



apparatus will be 10 # p'y or 10 £ 4,1 whiech equals 14,1 inches
of water., Therefore, the power required to drive the bdlower of

the test apparatus will be "%"

vhere Y =2,50 1bsg per second,

H =%‘L x 894 feet of air

_ 2450 x 13 /12 x 8ok
HP 550

HP = 4,775 or say a 5 hp motor,

The nozzle was deasigned according to the specifications
of the International 9tandards Association as found in the
Power Test Codes (10). The orifice was lesigned according
to specifications given in figure 32 of Power Test Codes (11).

Detall drawings of the orifice and nozzle, figure 1 and
figure 2, appear on the following two pages., Figures 4, 5, 6,
and 7, show the pipe lengths used and the position of the
taps,
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The coal flowmeter waz get up in the pipe that formed the
apparatus that is 1llustrated in Flgure 13, The major parts of
the apparatun sre as follows,

I. {(a) A centrifugal blower, cepeble of delivering 2000 cuble
feet per minute of alr, wag used to force the alr and

flyash through the meter,

Flge 7« The
Blower, Feeder,

and Peeder Contr

(L) A five hbnsapaﬁer, 236 volt direct gurrent, compound
wourd electrio motor was used to drive the blower rotor,
(8) A six-inch controlled variable feed Jefferies coal
feeder was used to introduce the flyash into the air
stream at the desired rate of feed, This feeder was
of the slectric vibrating type and operated on 110

volt AC current,
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(2) A Fairbanks Morse platform scale (range 0-120 1bs) was
uged to weigh the flyash,

Pig. 6. The
Blower, Feeder,
Feeder Control,

and Seale

(6) A gtop watch was used to time each test run,

(f) A tacometer was used to determine the blower speed.

(g) A multiple tube alr stralghtener was placed in the line
immediately following the dlower.

(k) The main pipe section of the apparatus was 8 inch
@iameter heavy cast iron pipe.

(1) The orifice and nozzle were made from steel according
to the drawings and design that appear in the previous
section of this thesis,
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Fig. 9. Orifice Fig. 10. JNozsgle

{J) The static head pressure, nozzle differential pressure,
and the orifice differential pressure were measured by

three water filled U-tube manometers.

Fig. 11. The
Flowneter Show-
ing The Manometers




(x)

(1)

(m)

<o

A thermometer (range 0-120°F,) was placed in a thermom-
eter well for the purpose of finding the air flyash
mixture temperature.

A eight~inch diameter length of tin nipe was used to
caryry the mixtug@wpnx‘af the bullding to the szeparator,
A geparator waa:aééa to separate the fly&sh from the
alr after the mixture had passed through the neter,

The separator was constructed by cutting a hole in the

top and glde of a 55 gallon oll drum. The pipe carry-

ing the flyash air mixture to the separator was placed
in the oll drum at the side hole and at & tangent to
the cirele formed by passing & horizontal plane
through the drum, A 12-inch dismetsr tin ﬁ&pé wag in-
serted through the hole in the top of the drum, The
lower end of thig nipe extended to within one foot of
the bottom of the drum, A garden hose was set such
that a water spray was played down the sxft pipe from
the geparator. A number of small holes ﬁar@ punched
in the bottom of the oll drum, Yhen the flyash was
being foreed through the apparatus, the water spray
removed Most of the flyash =2nd carried 1t to the
bottom of vhe drum, where the water flyash mixzture
passed out the punched holea and then pagsed down ths

drain,
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{n)

{0)

{a)

®

{b)

Pig. 12

The Separator

& source of direct curréent wos obtained from the
motopegenerator set lognted in the Mechaniesl
Laharatary;

The Berometer in the Hechanlcal Laboratory was
uned rné all Barometer resdinga.

The flyash uged to test the flowmeter was oObe
tained from the Virginian Hellway Power Plant

at Harrows, Virginla. Slieve analysis showed that
the flynsh used possed an average of 53 per cent
through a 200 mesh sleve.

Por sleving the flyash samples, a Tyler eighteinch
otap soreening machine was used, A 200 mesh
sleve was used,

For the sleve analyals, a two-range Toledo Scale
wag used, The two ranges were 0=50 grams and

0-10 Kllograms.
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Hethod Pro

The plan of the investigation was to determine the rate of
flyash flow Ain pounds per hour through the pipe line., The motor-
generator set was started after which the blower motor was
atarted and brought up to spesd, A slesn 21r test was first
run, orifice and nozzle reaxdings were taken to check the dew
sign coefficlents agalnst the setuzl coefficlents of operations,
The coal fecder was filled and the welcht of the c¢osl fesder
plus the welght of the flyash were recorded, The Teeder cone-
trol wos get to the desired rote of fesd.

A 100wgram sample of the flyash was talken before esch run
wug etarted for a sleve analysis of the flyash., At the bew
ginning of the run the c¢oal feed ond the atop watch were started
simultaneously., Two obgervers took statlic head, noz:zle 4dlffer-
ential, and orifice differentisl menometer readings continually
during the durstion of the run, In this way esch manometer
waz read on an aversge of ften tines for the one minute run,
During the run, 2 third observer recorded the barometeric
prassure, and the temperature of the mixzture within tﬁa pipe.

A fourth person recorded the welght of flynsh used for each
run, the time for each run, znd orer=ted the {lyash feedar,

At the conclualon of esch run the vels ht of the feeder and pew
maining flyash were recorded, The water anrsy on the exlt of
the geparaior was ket running for the dupation of the testa.
The speed of the blower was checked before, during and after

each run with & tachometer and 1t remained constant, The
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feed rate of the fMyssh was adjusted ~Iter each run %o give a
differont alpr-fuel ratio on the following run.

The firet set of teztz gonsiating of eleven runsg were made
with pipe t g inztelled on the nozzle manometer gonnections,
The next tvo gets of tests conelating of thirty runs were made
with throat taps inst:lled on the nozzle manometer connections,
The progedure for the Alfferent sets of teota were ldentieal,
The total number of runs in the combined set of teats were

forty-one.
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et A - Hozzle wi
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th

ripe Taps

Hun
Humbaer

gtstic

Freassure
Bazrometric sefors
Time Pres-ure |Temperature Run

Sec. in, Hg. oF

1.0
in. ng

Static
Pregaure
Puring

Hun

in. HoO

Tpifice
Differentlsl

sverage

in. HEQ

Hoz:le
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Aversge
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Table 2

Set B -« Bo:zle with Throat Taps

gtstic Static
Pregasure | Fregsure Grifice Hozzle
Barometric Before During |[Pifferential | DAfferential
Run Time | Pressure |[Tenperature Aun Run Average Average
!fﬂmb@r Qv,‘-.?co i!‘l. ggo ° F in. gzc} ino 32{} iﬂt fig” 1“& Hzﬂ)
1 60 28,008 ?9.5 6.9 6.9 4,15 7203
2 60 28.08 78.5 6.9 6.68 e 50 2.87
3 60 28,08 78 6.9 649 351 291
L 59,9 28,08 78 6.9 649 2. 79 2,88
5 6‘3 28. {}5 ?8 6;? ﬁu 85 3:3 ga@h
é 60 28.08 78 7.0 6.72 Fe1 275
7 60 76408 775 6.8 5,80 Ze97 Z2.71
8§ 60 28,08 78 6.95 6451 Ze9 2«57
9 60 20,08 78 7.0 6a61 2e 75 23
10 &0 28,08 775 6.95 6.31 2:35 Zal0
11 L2l 28,08 775 6.9 541 1.96 1.56
12 52473 20,08 78 63 5,17 325 2467
13 Lk 28,10 78 LD e 20 370 32
14 60 28.10 78 6.55 6,10 3.93 3420
16 60 28.10 77.5 66 §.6 by 20 3e35
17 43,8 28,10 775 £.65 6739 3.65 Jel2
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Table 4

2e¢t A =~ Mozzle with Pilpe Paps

Corrected | Acotuzl

Alr Flow Indicated | Indicated | Inficated Coal
Run Before Alr Fuel| Alr Flow | Cosl Plow | Conl Flow #low Per Cent
¥umber | Run #/Hr Ratio #/hpe #/Hre #/ap i /8r Zrror

1 4470 16 4315 205 - 270

2 4375 7.46 4ots 585 LBE 548 .10.95

2 L2k L,36 k270 1120 1230 978 #25.69

5275 3.00 4110 1290 1635 1368 9450

5 L4528 2.00 3960 1008 1975 1985 - o560

6 4290 1.71 3250 1460 2690 2520 # 6,75

7 4075 1. 44 3L40 1235 2&9@ 2385 £ b 40

8 27 12,65 41135 - 326 -

9 4290 6.58 39z¢ 575 513 596 -13.80
10 4247 4,41 3830 840 9186 868 5.76
11 4400 5. 6L 4070 860 823 698 #17.50
12 4360 10.72 4240 572 237 394 - 1,80
13 L0 4210 590 i 566 -12,38

=tr=



Table §

Set B - Hozzle with Throat Tape

Corrected | Actusl
Alr Flow Indic=ted | Indicated | Indlicated foal
Run Beafore Alr Pael| Alr Flow | Cosl Flow | Cosl Flow Flow ‘er Cent
Humber | Run #/Hr | Astio 4 fHy #/8p i fHe #/6p Error
1 4370 23,00 5350 - - 188 -
2 k370 7.37 | 39%9¢o0 520 1435 540 -17.60
3 4230 7. 6i 3390 570 471 521 =«19,00
I 4370 e 386¢ 793 7973 710 #11.70
5 4975 + 00 3875 745 706 6h6 IS 9.30
6 5000 3.86 3750 835 983 _ £ 1.24
7 4050 5,18 3670 970 1100 o %?5 33
& 4020 3.84 36130 800 941 945
9 4020 2.96 3531 584 764 1192 ~35 93
10 3525 2454 3270 95@ 1300 1233 £ .09
11 3725 1.60 3670 - 2300 -
12 L5275 2,15 3640 4?9 1620 1780 - 3.00
13 &i00 3,92 4100 780 907 1046 -13.28
14 L4530 6.7h 4170 £30 558 619 - §,86
15 4430 8.12 4260 L9s 3?& 525 -28.00
16 4430 13.@3 4365 405 319 -
17 Ls2g 3478 L06D 750 389 1075 ~17.30




Table 6

Set 0 - Hozrle Pilpe TPaps

Corrected | Actual
Alr Plow Infdicated | Indic ted | Indic:ted Cosl
Run Before Alr Fuel | 4ir Plow Corl Plow | Cosl Plow Flow Per Cent
Jumber | Run #/Hr | R-tio # e #/Hr #/4p #/dr Error
1 Lhon .08 4250 500 224 540 ~10,00
Z 1430 2430 38ig 818 1760 16&5 - G890
b &Jsﬁ 10,50 5210 540 3?0 ésl - ?;?3
5 *1?3 5,7 000 700 567 697 - 4,3
& 4107 1,07 3800 G720 1180 1238 - 11,70
7 4170 3.83 3808 875 1030 99; £ 3.80
53 §140 .38 3775 7558 834 861 - 3.14
9 Lo70 5468 3870 430 643 682 -~ 5,72
10 3780 4,00 3570 890 1022 885 #15,580
11 3820 1.32 1140 800 1680 2370 -20.70
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1 Indicated Alr flow in pounde per hour ag indicnted by

orifice.
Wa :9250 %ﬁ
o =92504/32 485§ 28 W7

We = 4110 pounds per hour

Wa = alr flow pounds per hour
9250 = gonastant, »reviously computed in this thesie
i = average orifice differentis)l , inches of water
B - Barometric pressure at point of test , plus the upstream
pregsure in the line before the element , inches Hg,
= Temperature of fluid flowing thz-ou ‘h element, °R aba,
Ze Indicated mixture flow in pounds per hour as indicsted by

nozzle,

Ym = 12310A/_—
Wm = 123104@‘\-5—%‘3—&—

Wm = 4425 pounds per hour

Wm = Hixture flow pounds per hour
12310 = Const:nt previously computed in this thesis.
i = Average nozzle differential, inches of water
B - Barometrie pressure at point of test, »lus the up-
stream preseure in the line before the element, in Hg,

T = Temperature of fluld flowing through element, °R Abs,
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Helght of indlozted flyash flow pounds per hour,

Hme
e = }% Ha

e o $Bk25)2  (4110)
We =100% pounds per hour
We indleantes flyash {low peunés ser hour
¥m Mixture flow pounds per hour
da Alr flow pounds per hour
Correction faotors,
For alr-fuel ratio of 2 to 1 or less gorrection factors
teken from figures 14 and 15,
Alr-fuel retio= 2,00
Correction factor for oriflae: -13 per gent
Correction fagtor for nozzle = « 2,5 per cent
Gorreated alr flows= 3960 x (L00«13)
Cor-ected alr flow = 3420
Corrected mixture flow = 4425 x (1,00 - ,025)
Jorrected mixture flowz4325

Corrected flyash flow_ im? _ Wa
wa

- %ﬁu 3420
= 1975
For sir-fuel rstios greater than 2 to 1,
Correction faotor taken from figure 16,
Alr-fuel ratio- 3,07
Correction factor - 22 per cent
Gorrected indicated flyassh flow- 920 ¢ (1D0=22)
Corrected indic-ted flyssh flow =1180
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Per cent error,
Per Cent error-=

100 (“REEXegiec

Par gent error -

100 (W}

Per cent error =

- .6 per cent



As has been stated in the oblect of thiz thesis, 1t was
the authors intention to ¢loazely simmlate actunl conditions
that exist in =2 power plant, In two respects the asuthors
failed %o do thiz., Mrst, flyash was used instesd of cozl,

The authors sulverized approximately 1000 pounda of bltmimus
coal in a small Dall mill loested in the Mining Laboratory.
Although this eperation rgquiraﬁ about 40 hours, the resulting
pulverized cosl would only pass about 30 per cent through &
200 mesh soreen, Although this iz not aeg fine as the pulverized
cosl used in actusl practice, the muthors decided to use thie
goal %o test the meter. During preliminary tests on the meter
when pulverized goal was being used and while fecding and blowe
ing the coal through the meter, the resulting dust that was
stirred up became excessive, & thick hare of cosl dust filled
the entire room in whiech the tests were being msde., The
authora felt that this created a serious explosive hazard and
felt that 1t was inadvissble to continue using coal for the
teata, Thorefore, flyash was substituted for the cosl, The
flyash was of a Tiner particle elze than the rulverized coal
that was to have been used., Sieve analysles showed thet the
flyash passed arprozimstely 54 per cent through s 200
mesh sleve, The particle size was the gecond shorteoning of the
aunthors intentions, PFrom the three cuestionnalires zent to the

three power plants it can be geen the psrticle size of the gosl
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uged at thoze three plantsz varled from 79 per cent to 90 per
cent through a 200 mesgh sleve, Filty par cent through 200 negh
is oonsziderably below thisz range.

with the exception of the nbove, actual power plant cone
ditions were approzimated, The plpe line was a relative large
one, The wveloolty znd static pressure in ths pipe line zre
within the range found in actusl power plant practice., The
pipe lins and meter could be & typlesl plps line lesding to a
burner in a typiesl boller furncce, If this typlesl furnage
had elght burners with o flownetsr installed in exzch line, the
total power consumption required to overcome the power loas
through the flowvmeters would be 9,080 hoe 4t full load this
boiler would consume aprroximately 36,000 gaunﬁg of gozl per
hour, This would give a boller capacity of sround 374,000
pounds of steam per hour, ,

dnothey dirfleulty thet was anuauﬂtarﬁd,ﬁuriﬁg the cone
gstruction of the apparatus was the method of feeding the fly-
agh into the sir strean. xt was the original intsntion of the
anthors to introduce the flyash through a glot in the top of
the pipe. The slot was contructed such that the air velooity
in the pipe would cause a2 suction down through the zlot. The
feeder could therefore be placed over this :lot and the fly-
ash oould be funneled down through to the air atream, vhen the
»loe sectiong were being set up, s strong sustion wag evident

through the zlot when the blower wasz operated, After the two
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flow elements had been placed in position and the @ayaratmr
placed at the end of the teat plpe, a baok »ressure was bullt
up in the pipe when the blower was operated. This caused aly
%0 bae foreed out of the alet =nd mode 1t impossible to feed
fly&gh through the alo%. The authors then decilded to feed the
flyash dlrsctly inte the blower suction., Thersfors the feeder
wae get in plage on 2 platform such thaet the fesder chute fed
the Myzsh dlrectly into the blover,

Fesding the flyash through the suction side =f the Dlower
brought up sn unexpected probdlem. The flow of =ir through the
pipe line was zlowed down considerably when the flyash was fed
into the alr stresn, Singe 1t wsoaz imposaidle to inuztell an
orifice before the introduction of flyash into the plpe line,
the authors decided to use the oriflice dlfferential as indleated
to gompute the flow of alr in the lins, The slowing down of the
air streom was believed to be orused by the following! blocke
ing of the suction gide of the fan due $to the introduction of
the fMyash and the zdditional energy needed to convey the {lyash
through the pine line, The HPYM of the Dlower wzas taken before,
after “nd during the runs znd 1t remained relatively conatant,

ATter using pilpe tape on the nozzle for the Tilrat set of
teatz consleting of 11 mung, the tapgs wore 4rilled for the
~lseing of throet toss in the nozzle, It was negessary to
gompute a new soefflcient of flow under these new conditions,
The aaguragy of the flowneter remsined unchangead,

On the gomsletion of the test the eculpment wag dlge
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aantle&/an& the nozzle snd oprifice were inspected for possible
wesr and erosion., Around the face of the sharp edge ovening
of the orifice a hard cruet of flyash had Fformed and a glight
erosion had taken place, This wae also indiestive of the curve
gurface from the face to the throat section of the nozzle,

A problem encountered by vrevions investigators was that
of coal plugging the manometer lines, This wra orused by leaxs
in the line, Mo trouble of this type was exporienced by the
authors,

The results of this series of test are not within the
agouracy limits of the test conducted Dy lHesmars, C&rlacn;
Frazier, and Tngdahl on thelr investigstion., It is the bellef
of the suthors, that to obtein sccurscy within their limits
of plus or minueg five ver cent it would be necesszry to make
longer runa, thus getting & better overall average of readings
t ken during the runa, #“ince = very =light srror obtained in
the nrzzle or orifice differentizl, when placed in the meter
ecuation magnifies the error considersbly, It iz slzo obvious
that = glight error in the welght of flyash introduced into the
1ine, when multiplied by sixty «il1l induce an appreciable errvor,

Correction fsctors shown in figurens 14 =nd 15 were used to
gorrect the indicated nozzle and orifice flowg on alr-fuel
ratios of 2 to 1 or lezs., These ourves were token from the
paper vresented by Messrsg, Carlegon, Frazier and ¥agdahl,

The highest zir-fuel ratios shown on these ourves were 2 to 1,
80 the =zuthors plotted correction curves of a different nature

to Be applied to the indlented flyssh flow on sir-fuel ratios
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above 2 to 1, This curve was dravn by 2lotting the per gent
error the indicsted flyesh flow differed from the actual flow
of flyash in poundg per hour versus the air-fuel ratio,
Apsroximately 50 per cent of the results abtaine& f=211
within plus or minug 10 per cent of the actusl flyash flow,
Approxinately 75 per gent of the results obtained f£all within
nlus or minue 20 per cent of the asctunl {lyash flow, The
’remaining 25 per cent of the results are within 40 per cent of
the sctual flow, The average results, are within plus 12,45
per cent or minus 10,62 per cent of the actual flyash flow,
The results, while not az sccurate 28 degired, are considered

good by the authors under the test condlitlons,



1.

2

Je

be

5

-56-

UHOLUSIONS

Pipe alze has no apparent effect on the acouragy of the
flowmeter,

The seleetion of pipe or throat taps for the nozzle manonmeter
connections has no effect on the indicated results of meter.
The flow of particle sizes of the flyaah of 50 per cent through
200 mesh sieve oan be agourately meagured wlth this meter with
the proper correction fagtor,

The nozzle and orifice should be made of a very hard material
that 18 resiztant to erosion over an extended period of use.
The results can be reproduced from day to dsy withomt any

gpecial conditions prevailing.
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An addlitionsl orifice ghould be ploced in the pipe line
before the introducticon of the flyash into the plre line
for the measurement 2f the exact 2ir flow, This would
reculre a longer section of pipe.

A gerew Lyue fesder should be emiloyed to convey the

flyash from & »reassurdzed tenk to the pipe line,

A dust collector should be obtzined from a mamufacture of
duat eollectors, so that the flyssh might be used again for
additional runs.

Longer taasnruns sheuld be made %o obtaln greszter accuracy

of resultsz,
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From the design of the meter, it can be seen that ths two

ecuations used to find ths flow by the nozzle :=2nd the orifice are
1*:-",;:123104’% and W, = 9350@ A series o0f olean alir runs

ware made to ¢alibrate the orifice against the nozzle, The
avthors believed the nozzle to be the most acourate flow element
of the two, Therefore, the motor and blower were operated at
different speeds and the flow of 2ir was ¢aleulated by the nozzle
and the orifice for each.e‘lem zir run,
The flow of the nozzle and orifice compared as follows!
Nozzle with Plpe Tape
l. Nozzle differential = 1,51 inches of water
Orifice differential = 2,7 inches of water
W = 92530/%!__
Where 1 = differential soross element, inches of water,
B = Barometer pressure plus static pressure in
the pipe, inches of lercury.

T - Abgolute temperature.

W= 9250~/3‘W

o = J4hl4,62 pounds of sir per hour.

Wp= 12310 5@2 =

Wn - 3431.79 pounds of a2ir per hour

For thie run the orifice had a £ 0,376 per cent error,
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Nozzle DAfferential =1,75 inchee of water, Uriflce

3iflferential = 3,15 inchez of woter,

Yo = 9250/\/%w

7o =3705,731 pound= of alr per hour

Wn = 1231()/\/3%232)-

¥n=3718,65 pounds of alr per hour

For this run the orifice had a= -0,36 ner cent errvor,

Nozzle differentisl - 2,06 inches of water., Orifice
A1frerential = 3,62 inches of water,

o =_935s;,\/3a.§%§3_§w§i

¥o = 3997,75% pounds of alr per hour

n - 12310/ TSHZE T

Un = 004,905

For thie run the oririce had n « 0,1785 per cent srror,

The orifice error wisg 80 amsll that it was decided not to

sd just the orifice coefilolent,

The Power Test Code specified nipe tops with the nozzle.

When throat taps were instslled, the nozzle gave a different
glean-alr flow indlostion as compared with the orifice. Therefore
the orifice was chosen as & strndard and the nozzle coefficlent

was adjusted to give the asme flow indication as the oriflce.

o =9zsn\/§§-
Wo = 9359,\/‘*_-.‘2..?5%&@

Wo =4265 pounds per hour
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Ecuating the flow of air by the orifice against the flow

indicated by the nozzle.

Wo=Yns= E’W %

¢ <10,850
C=413,3 x X x D

413,73 = Conatanyt
£ =Flow goefficient
D =Dizmeter of Throat Section of Nozzle

K = 986
K = Flow Coefficient
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