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This rerort relates of the work done by Tvans ¥. Poucher
snd "oser A. Parsonas on their senicr problem in fulfiliment of
the requirements of Chemical Encineering Coursa #4CO.

The principle problem taken up wss the test run on 2
"Dailaire® furnace to determine whether or not a blower mount-
in the top of a warm air furnace and drawingz air througsh the
furnace is more efficient than a tlower mounted at the base of
the furnsce &and pushing eir throu;h the furnzce. This problem
ocoupied most of our lakoratory time. The work was carried on
in the laboratories of the Tail Steel Products Comnany, locat-
ed in Lansing, Vichigen. |

In addition to our main problem we worked out several
orzctical problems that were brousht to our sttention. e
analyzed a heatings protlem involving 2z dryinz kiln for dryinc
hons. The analysils of this problem is enclosed in this renort.
In addition to these tvo protlems we made several trips with
Y¥r, Dail and his sssocliates on insnections of instz2lled forced
air equioment. The prrctical knowledge fained on these trips
is impossitle to nresent in this renort.

“e wish to thank ¥r. Dall for his =ssistznce in settin:
up the necessary equipment and z2l1lso for his timely advice on

several ixrportant pointe,
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Introduction

In keerning: with the nrosress of the new alr conditionine
industry, the MNall “teel Products Cornanv is mnkine a furnnce
to te used in a2 forced air bheating system, The blower used in
connection with thie furn=ce is not, however, sim»ly pl=2cad in
some convenient place at the bottom of the furnsce. It is moun-
ted in the top of the furnace. This practice is follored t2-
cauee 1t is believed that better alr delivery can te obtained
with the blower in this positicn than in any other nosition,

It is the purpose of this problem to deterrine the dif-
ferences in air delivery of a furnace having a blower mounted
in the top and the game furnace havin> the tlower at the Lot-

tom.

Anparatus

In order that a true comnarison mi~ht te obtained, 211 con-
ditions which related to the nerformsrce of the test were main-
tzined a2s nearly identical as noselble. A "C Nallaire furnsace
wag used trrouchout the test. This furnnce 48 of a size which
is used in the averare ingt=llation, 2nd the inner n=rt 1s well
desi:ned for a forced elr eyetem. The conetruction of the fur-
nece is shown in the pictures. The air enters at each eside of
the furnsce and is circulated =round the covbustion ckambter and
compartments contalining the Yot faseous nroducts of combustion.

A '?7/8 Clarz-s fan was used throu;hout the test and was

driven by the same constznt speed electric motor. Tn zll cases
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at lesst twice tle arza of the fan onenin~ wng aveil-tla for in-
let 21ir to the fan,

The size, lergth, and nositinn of the ocutlet duct remained
the same for each part of ths tect., The Aduct was 2leo in the
gamg nositlion in resnect to the furnzce, and the latter wag in
the same place in the room. There wzs at least el:ht fset of
clezrance betwoen the end of the duct and the w21l or the room.

The tests were all mz2de with sir at the snme tempersture,
"he same nulleys, revolution eounter, ston watch and anemometer
wers used throushout, with one exception, for which correction
wag mnde,

The arranrement of the annnratus ie 1llustrated in fi.ure
1. Twelve feet (six sections) of 11' inch circulsr duct (D) were
used at the outlet of the furnace. The fan (F) was driven by =2
congtant speed motor (). In the first two narts of the test,
the alr from the f=n passed throuch the ndanter (A) where it was

divided equally by the baffle (M) before entering the furnnce.

Procedurs

The same method of procedure wuzg followed in each nzart of
the test. In order to obtain different fan sneeds, and thus 4if-
ferent air deliveries, five pulleys of different dlameters were
used, the esneed in ench czse beiny conctant for the same pulley.
The sneed was measured by mesng of a revolution counter and a
ston watch.

The averapsse of five readinge of the esnernometer taren at the

end of the cduct were used as a baslis for determining the sir



delivery. The five noeitions of the snevwometer were such 28 to
cover the entire duct. ®ne nosition of %the instrurent wnsg at
the center of the duct, and the other four nositions were 99

decrees anart on the circunferencs.

Nata 2nd Neerults

The test is dividz2d into three rnarts as follows:

(1) nPeterminntion of eir delivery with the blower at the
bottom of the furnace. (fi-. 1)

(2Y retermination of 2ir delivery with the tlower wounted
in the ton of the furncce using the same inlet as in (1). (fi~ 2)

(3) retermination of sir delivery with the blower mounted
in the ton using two side oneninss., (fiz. 3) (In thie part the
back, or sdanter inlet, was completely closed off, and in the
first two parts the elida onenings were completely clicced off.

The followin;: table and sccompanyings curves contain the

data as tabulated in the laboratory.

Corpari-on of Ieliverieg

Yotor “otor Fan  Tan Cfm Adlr Telivery * Vef. of 7 ff., of
Pulley “peed "hsft Tulley Tart Tart Part (2) over (3) over
cize (™) “peed “ize (1) (2} (2) (1} (1)
on 1750 4010 102t £R1 c73 715 15.8 23
2le  Y78n 475 12" 280 772 827 12,5 nn
4" 1780 47 1°v TED a1° 77 a0 ~3
4*t 1730 €70 ctoRY3 1840 1170 13,5 77.E
gle 17@0 713 17t 17 107D 177D 12.8 71,8

Averzce = 17.7 2.4
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Lffect of Air Temcerature on Delivery

In connecticn with this test there was sore doubt a2s to
whether or not the bvlower would deliver more or less =2ir at a
temnerature hisher than that used In the test, This doubt had
arieen tecause of the fact that in actual installations & blow-
er at the bottom of a furnace 1s moving cold air while a blower
in the top of a furnace 1s movin_; heated alr. Thus, if the tenmp-
erature of the alr has any effect upon the delivery of the fan,
a true comparison could not be obtzired without aonlying a cor=-
rection.

A geparate test wos run 1in order to clesr up this point in
question, the btlower telng mounted in the ton of the furnsace.
The delivery was first measured with air at 73 T. The burner was
then turned on and the temperature of the air increased to 140 F,
The delivery at thils temperature was found to be identical with
that obtained with the air at 7¢ ¥. Therefore, we sre safe in
gaying that the temperature of the sir had no effect unon the

delivery of the fan.

Tffect of Criction on Delivery

Another interesting thin; wes observed in connecticn with
this test. It was in regard to the friction loesses in the systenm
with the varlous setups. The stotle pressure at three different
points 1In the system was taken for each setup, the same three
points beln: used in each of the three czses. A simple inclined
draft gape, c21librated to one-hundredth of en inch of water, was
uged in connection with a static tube. The three pointe at which

the readings were te=ken ere as follows: (fig. 1) P;, the center
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on each slde of the baffle In the boot ooenlng; Po, thirteen
inches above the ton of the furnace; 93, three feet from the end
of the outlet duct,

The differerce between the stotic nrescures st roints “1
and Poy 1e the frictlon loss throui-h the furnacz, and the dif-
ference between resdirgs Po end rs is the friction lose in the
duct. "he interestinp thing to te obeerved es a result of these
readings 1s the fzct that the friction loes throu,h the furnsoe
wag epnroximately the same for each esetupn, at the same fan speed.

It may therefore be concluded that any difference in air delivery

among the three cetups was not due to diffesrence in friction.

Discuseion of RPesultsg

The question then is, what does cause the difference in air
delivery in the different blower arrsnsements? Upon observation
of the data, or curves plotted from the data, 1t epnears that
the differences are due entirely to the turbulence of the eir
in the furnace.

In part (1) (fix.1) with the blower st the tottom, the air
is forced strai ht shezd aczainet the inside of the furnace.
Zddles are then eet un, heczuse the air must chance 1ts direction
to go to the top of the furnzce snd out the ducts, but is held
btack by more alr beings forced in spz2insgt 1t, The eir 2lrendy in
the furnnce must be displaced, however, snd so 1t is s:cezed
out by the incoming z2ir. This conditicn deces not produce a uni-

form flow from the blower, Lut it esets un a2 back pressure or

dammer effect which prevents the fan from deliverin. ee much es
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it should. Thet ie, some of the air is forced out the tlower
throuzh the same opening it entered.

In nrrt (2) (£1:.2) with the blower at the ton and the air
enterin~ through the same onsnirn® 22 in rart (1), the air is not
forced =;2inst the inslide of the furncce, but is drawn up through
1%, thus elimineting a lar:-e smount of the eddies #~nd turtulence
vhich were preeent in pert (1),

The beet air delivery wes obtained in part (3) (fig.3) in
wliich the blower wzs mounted in the ton znd sir was admitted
throurk an ovening on each gide of the furnace. This erranpe-
ment results in the minimum amount of turbulernce or dawner ef-
fect. The reason for this is that the eide oneringrs allow a

getendy stream of sir to flow up throurh the furnace to the fan,

Conclusion

In reviewing the observations mzde in this test, the fol-
lowing statements may be m:aded

1. Yaxi~um eir delivery may be obtained with a blower mount-
ed in the top of a furnace having an inlet on each side.

2. &n increceed air delivery may te obtained by nlzacing a
blower on top of a furnsce incte2d of at the bottom, other con-
ditiona being equal or the eame.

. The alr delivery of a '?7/8 Ciasrsze fan is indenendent
0o? the lemperesture of the elr,

4. Triction lose in a furnsce is indenendent of the motion

of the zir, other thirrs telinz equal,
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System of Heating and Air Conditioning

The following tests have been made on a No. 6 Dailaire unit to compare the relative merits
of a fan placed in rear of heating plant, as is general common practice and the Dailaire
method of placing blower in the top of casing above the heating plant - In all cases same
size fan was used - The results are obviously in favor of the Dailaire system,

Tadble of Comparison

Motor Motor Size Fan Fan C.P.M, Alr Delivery Percentage of
Pulley S;eed Pan Shaft Shaft Set-Up Set-Up Set-Up Bfficiency of
Size Speed Pulley Ko. 1 Yo. 2 No., 3 No. 3 over No.
3* 1750 7/8 400 12* 581 673 718 . 23%
3 1/2° 1750 7/8 465 12¢ 680 772 827 22%
4° 1750 7/8 543 12* 760 912 977 28%
4 1/2% 1750 7/8 620 12° 878 1040 1120 27.5%
8 1/4° 1780 /8 7ns 12 1038 1230 1370 31,58
EE it an— RO Paneane Average 26.4%
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Set Up ¥No. 3

Sev Up No. 1 Set Up No. 2

This set up is with dlower in
Rear and pushing air into fur-
nace casing which is general
practice with other furnace
manufacturers,

This set up is with dlower in
top of furnace bdbut taking air
in at rear through same dboot
as in Set Up No. 1.

This is standard Dailaire
practice with blower in sop
and taking incoming air in at
both sides of furnace at the
bottom,

East la2nsing

Michigan,
¥ay 19th-1933,

Dail Steel Products Company,
Lansing, Michigan,

Gentlemen:--

Referring to the tests recently run om blowers in connection with your furnace, for the purpose of determining the relative effi-
ciency of pushing the air through the furnace in comparison to pulling the air, ¥e herew.th submit charts and tables showing the
results of the two methods, together with drawinge showing location of blowers and air inlets., Prom the attached tables it is
apparent that the same fan running at the same speed, willd eliver an average of 26.4 percen® more air when the fan is at the top
of the furnace, and with air intakes on each side of furnace, which we understand is your standard jractice, than when the fan is
placed at the base of the furnace, as is customary practice with other ranufacturers.

We believe this is accounted for by the fact, that pushing the-air creates a turbulence, thus retarding the flow of air, while
pulling the air results in an even distribution over every part of the furnace,

Signed - = -
8 Gpees 2 gt
0‘4"?—'1 LG PT',/:/, [ahe4
Senior Engineering Studente Michigan State College,

The Dailaire line is not a made over heating plant, but is engineered to give the greatest
efficiency - The facts presented above are proof of the advantages of locating the fan in
top of the furnace - Thus pulling the air instead of pushing it through the furnace.

This 4inovation. together with the use of chrome alloy (stainless steel) in conbystion

chamb:r and incrcased radiating surface combines to make Dailaire the most effieient and
outstanding heating unit on the market today. ) an

Manufactured by

DAIL STEEL PRODUCTS COMPANY

1 .« . hA4: L.
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Introduction:

In our work with VYr. M™ail we come in contzct with a dry-
ins nroblem. ¥einz Cherics1 "ngireering students, we felt that
we wonld benefit by analvzins the nroblem, Tt weg 3 nroblem on
the c2lcul=tion of the heztinz lozd4 for a hon kiln et Yskinms,
Tashington., In sddition to the analysis of this rrohlem we
made a brief study of the hesrvestinr 2nd drying of hons, giv-

inz a discussion on some of the presgent tynes of hon kilns.

Farvesting snd Drying of Fons

August and September are the hop harvestingy wmonths in

California, The orop in the Szcramento Valley maturee from one
to two weeks earlier than in the coastal area. At harvecst, the
vineg 2re pulled from the trellis and the cones sre nicked,
either by hand or by machine. Picking two hundred pounds of
cones by hand is a good day's work, although three to four
hundred nounds are sometimes nicked. Picking charres vary from
80 cents to ©1.00 per 120 nounds.

Von nicking machines have been successfully used in some
large y=2rds. One m=2chine with 40 men ce=n harvest twelve to fif-
teen hundred bales (1 bale 180 to 220 nounds) ner sesson (an
averare of ?50,007° nounds), or the hons from about 150 acres.
Cne machine will, therefore, replece from 775 to 250 hard
nickers. "hen picked the contains from €5 to 75 ner cent water.
Drying to 10 to 14 per cent water is recessery to nrevent

snoilare during storsre.



Tor drying, the cones sre niled in 2 loose level pile
(about 13 inches deen) on the drying floor. “hen the floor is
£11led the kiln 1is closed excent for the ventilators =nd onen-
in~s where cold slr is adnitted ~nd the fire incressed. The
temnerature benesth the drvins floor is keont low st firet,
about 170 to 120 degrees; ag the Adrvins nrogresces the temp-
erature ia incre=2ged to 130 or 18C derress “ahrenhelt. The
temnerature is controlled somewhst by the firins, but more by
reculatings the admipsion of co0ld air and the ventilotors =t
the ton. A ttermometer 1s suepended Juet under the dryincs
floor.

Too hish temnerstures are certzinly bad, for even if the
hons =re not ecorched or scnlded wmuch of the vol-tile o0ils =re
driven off and certain chanres sre nroduced in t-e2 lunulin.

At a temperature not exceedinr 130 Fehrentelit it reguires
from ten to eleven htoiurs to dry an elighteen inch floor of hoos.
"hen the hops have besn on the floor lony enourh for the heat
from below to have gone throush then, they are turned so as to
iet the more moist ones from the ton onto the bottom next to
the cloth., In a very siort time after they =zre turned they will
be ready to t=ke off the kiln. "hen pronerly dried the bracts
will be verfectly dry, but the gters of the cones will gtill
he soft and pliablae., Tere is vhere the exnerience =nd skill of
the drier comes in. Tnsufficiently dried honsg =re ent to mold
or hent 4in the cooler and if hirhly dried the tracte bireak off
end the lupulin falls out, seriourly irjuring the guality of

the hops.



Trom the drvin~ floor tte hons »re removed to the coolinc
room where they loce theilr re2t and »kgorbh rome woisture from
the eir. The sters sre usually not so dry esa the other =»nrie
of the hon, and during the sweating prccess the moisture 1is
equalized and the hops becore tourh and nli-ble, The besgt in-
formed growers reco.mnize that other immort~nt chan_es occur
curins the gweating procecs which mzsterially affect the quality
of the product. A finer snd more nlensing; rromn, ag well ns a
better physieczl annearance, is develoned durin: sweatin:, nro-
vided the onrocess is co~refully watched =nd the ho=na nrevented
from becomin,s too moist or hezsted., Under ordinary circurnetances
these tvo evils are svolded by loosening up the hong ard turn-
in: them over with forks or by ~ovin them to another nart of
the cooler. If taken in time, elack hone may be brougrht out in
this way and vnractically freed from thelir sour, musty srell,

If the hons in the cooler tecome too molst, their con?ition
may be imnroved by dunin nver them g cor full or hot dry rons
Just from the kiln. ILike2wise hons thet have tecnms too dry in
the cooler mav be hz2lned by mixinrs with them hone taken from
the Xiln a little btefore t ey zre nronerly dry. Grest care and
good jud;ment are neceegeary for nroner handlin;- in the cooler,
and more attention ¢iven to this phese of ho» curing will cer-
tainly result in an isnroved quality of nroduct.

Tt is the rr-~ctice amon - enme Californis rrowers to sul-
nhur hons during the drying nrocess, althouyh unsulnhured tone

bring a oremlum of 2 to I cents per pound., "ulnhuriry eids in



the drying nrocess, bleaches the hops to the deaired color,

and s2a8siets in holding the quality of honeg during storare, al-
though in past hears some diffioculty has erisen from the arsgen-
ical content of hops. Tor exnortirg to Fnzland, hoos must not
contaln areenic in exceess of 0.01 grainsg ner pound, or 1.4
narts ner million. &8 1t has been proven that most of the ar-
gsenic in hons is obtained from the uee of impure sulfur, only

gulfur free from esrsernic shtould be ured.

Cuslity
The following characteristics determine the quality end

value of hone.

1. They should have a gilky luster and te of a pale green-
ish-yellow or golden color, neilther too green or too much
bleached.

2. The coneg should not be too l=rge and are preferred of
a conical ghane, rather than cylindrical or snherical. The
gize denends on the locslity where i rown and to be considered
in that light, but generally the gmaller the hon the greater
the proportion of lupulin. The cones sghould not be bhroken or
the bracts =tandinz ovnen, as then the lunulin readily drons
out end is lost.

3. Trhey muet te clenn picked, free of le=ves snd stens,
weeds, dirt or other foreirn metter; free of discolored or
moldy hons.

4. They should possess a fine strong aroma free of any

moldy, musty or garlicky erell. Yew hons have the gtronyest



aroma; this declines with »sge snd finally gives plzce to a
cheesy emell in old hons.

5. A maxinum lupulin content 1s desiraile, Murther, they
ghould te neither slack dried nor hi h dried. They should not
be broken by squeezin;; in the hand, but when firmly pressed
in the hand they should adhero closely together at first end

then slowly assume thelr original form.

Pregent tynesg of kilnsg

The kilns in use at the present time are built in a two
gtory arrangement. A heating unit is placed on the ground
floor and a drying 2rea, comnosed of 2x4 refters covered with
coarse turlen, constitutes the unner floor. The roof goes to
a perk, at which is nlaced an exhzusting louver arrangement.

The oldest type (fig.l) ie one in which a gravity heating
stove (wood burning) is pnlaced in the bottam end the warm air
rises from this un to the hoo bed. It requires a considersble
length of time for the watm eir to brea% throuzh the hop bed,
but when it does the dryins is finished in a short time. “ome
of the more observins owners took ndvantare of this fact and
placed fans in thelr structures to help creete a pressure to
force circulation through the hop bed. Tigure 2 shows a fan
installed in the top of the kiln snd exhausting air from the
gtructure. This arrangement proved to be quite practical. Its
greatest foult was the creatins of a vacuum 2bove the hoo bed
which in turn caused a large amount of infiltretion (as indi-

cated by the arrows) which resulted in heat losses and dust.
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Figure 3 1l1lustrates snother tvne of a2uxiliary fan instal-
ln2tion. The fan ig mounted in the wall of the heater room andg
ocre=tes a lerre etztic pressure, which is transnitted by thre
heatin: ducts to the hon ted above., ™is arrongement alco re-
sults in larse loeses due to the exfiltration fror the hent-
ing roon.

The inefficiency of thesz inctallationns 1s laryely due to
the loose construction of the btuildin: end not 8o much to thre
type of heatin: systewn. The buildin-s, therefore, must Le
proverly constructed in ordar to have much success with a
forced air he=ting systen.

The 1deal equirment for drying hops, we then conclude,
would consist of a fan installed in a bullding of fairly tight
congtruction., This system would shorten the dryinZ period con-
glderatly and also facilitate the control of the dryin; oner-
ation.

Tigure 4 shows a Nailsire installstion which is sezled
from the furnace to the hon bed. Tn this cese no warm alr is
lost througsh the walls helow the hoo ted and no air is drawn
into the btuilding above the tLoo bed. On the other hand, the
alr passing out of the top 2nd through the wslls above the hon
bed is carrying nart of the moisture in the hovos slon~ with it
end thus no loea is incurred. "his system thorourhly sealed
throughout, with the excention of the exhaust louvers, would
probably te even better.

Figure 5 1llustrates & seazled forced wnrm sir svstem
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which 1s equipned with ducts and a nlenmum chanber telow the
hop ted, This srrangeuent makes poesible much =nre room on the

ground floor, which may be used for etorngze s»ace.

Caloulation of thas eating lo=ad

The original protlem involved wes the colcul~tion of the
heatin> load on the hesting unit, which was to renlace sn in-
stallastion as ghown in figure 1. The building is to be gealed,
however, eo that the well leskages willl be reduced to 2 min-
imum. The new heating unit 48 to be installed ms 1lluctrated

in ficure 5.

Nnta

The data was obtained by correspondence from Yr, towa
rence, who handles Msilaire equipment in Yakima, “ashingrton.
The necessary data for the problem is zs follows:

1. Dimensions of drying flooT *=—=—eeaa Z0ix 30!

£

Yeirht of hong ==-= 5,55 lbg/sq £t at dent: of 2 feet
. “eight of w=ter in hons ~=-== 757 of total weir-ht

Yops to be dried to weter content of 107 " "

(51 I Y

. Temperature of alr at hop ted «-wa 140 7,

-

Sonnet tempersture of furnace ---~ 180 7,

(&2}

Cutside temperature of alr 60 F. 2%t €07 relative hum.

0 N

Alr delivery 1s to be 6,000 c.f.m. from furnnce,



falcul~tinne

1. Y2at to evenornate =wnter:
NN 5 OO0 eq. ft. (ares of dryin: floor)
WO0X,75%5,55 = 3.75 1bs, water ner sq. ft. ere-
800x3.75 & I,330 1lbs., water to Le re-nved ner charpe
Sensible hent to water from €0 to 140 w« 20 Ttu/ 1b,
Iatent heat of evanoration at 140 ¥, & 1014.4 “tul 1b.
Total heat required to evan. water = 1094.4 "tu/1lb.
3,320r1094,4 = 3,700,700 tu totz2l to evanorate
(3750-3380)x(140-CC) = 77, ~° Etu sensible hLezt to
moisture in hors which

renalirs after drying

3,700,000 4 27,00° = 3,777.87) 'tu total renulred

2. 7uantity of Alr:

Cenglitle heet to air from 60 to 14" =

(tern. chanye)x(snee. heat)x{wt rer cu. ft)
(14n-80) x (.2415) x (.077) 1vs.

83x,2415x.077 = 1.4276 "tu/cu ft.

cergible heat to water vanor in air »t €07 rel. hum,
(temp. cherngelx(gnec. htentlxlwt ner cu. ft)
80 1x.,0N"473 & 040 Ttn/eu ft,

1.4278 4 01" » 1,583 "tu ner cu. ft.{carried by air!}

2,779,670 g 2,440,700 cu £t eir regquired
1,53

3. Drying Period:
Fan delivery = ¢,000 cfm.
6,000x60 & 360,070 cu ft rer hour

2,440,020 4+ 320,000 g €.8 hours per btateh



4. Relative Humidity of Exhaust Air:
Air at 140 F. will hold .00813 1lbs. water per cu ft

Exhaust contains 2380 = .0013285 1bsg/cu ft
2,440,000

.001285 = 17% rel. hum.
.008130
5. Volume of Air per Square foot of Floor:
Volume = Cfm = 6000 = 6.67 cfm per sq ft
Area 900

6. Rating Table:

Cfm Ccfm/sq ft Btu/hr req. Period (hrs)
3000 3.23 275,000 13.5
40C0 4.45 367,000 10.1
5000 5.56 459,000 8.1
6000 6.67 550,000 6.8
7000 7.78 642,000 5.8
8000 8.90 734,000 5.0

The above values will have to be corrected for each instal-
lation as the heat loss from the building must be figured into
the total heating load. The table, however, indicates the gen-

eral relationship between drying period and volume of air.

7. Rating Table for Proposed Lawrence Kiln:

The following table is based upon the kiln designed by Mr.
Lawrence, the kiln having a drying area of 2592 square feet
(2x36x36). The table shows the general relationship between
drying perios and depth of the bed of hops.
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