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Abstract:

Within the last six years, gas fired furnaces, either of the gas designed or conversion type, have been
installed in a large number of homes in Montana. These are of all types, steam, hot water, and warm
air. Each of these three types of systems would require a different method of testing. It was decided to
confine this investigation to a single type for the present, and the warm air system was the one selected.

Due to the relatively short time that gas has been used, to any great extent, for domestic heating
purposes in other than the immediate vicinity of a natural gas supply, there has been very little work
done on the determination of the efficiency of domestic gas fired furnaces. A test code for gas designed
furnaces, established by the American Gas Association specifies minimum requirements which must be
fulfilled in order that the appliance may be approved by the Association. A code has also been
established for the installation of conversion burners, but no testing code for the conversion burners has
been established.

The conversion burner has been developed to a point where it has made a definite place for itself in the
field o domestic heating and, consequently, a method of testing must include the conversion burner as
well as the gas designed type of furnace.

Since natural gas has gained such wide distribution and is continually gaining in popularity as a house
heating fuel, it was felt that an investigation into the efficiencies obtained with this fuel would be a
service to users, and to those contemplating the use of gas as a fuel for house heating purposes.

It was with this service in Mind that the project of devising a method for testing was started.

It is hoped that the testing may be carried on over a period of years so that some reliable data can be
accumulated on a number of different types of warm air furnaces, and that the testing may be extended
to steam and hot water heating systems.

PURPOSE OF INVESTIGATION The purpose of the investigation is to develop a method for testing
domestic gas fired warm air furnaces. The method has been devised so that it would be equally well
suited to the testing of either gas designed or conversion types of furnaces and, consequently, establish
a means of comparison between them on the basis of their efficiencies.

BASIC PREMISES 1t is generally conceded that the more nearly test conditions approach actual
operating conditions the more acceptable are the results of the test. This is the first premise on which
the method is based. The method has been held to this requirement as rigorously as possible. The
laboratory has been in a residence and the apparatus a conversion installation put in by the distributors
of the gas, without their knowledge of the fact that it would be used for testing purposes. A few slight
modifications of the installation have been made to facilitate the use of testing instruments, hut the
installation remains essentially as it was placed by the installation men in the employ of the
distributors.



The second premise of the method is that all heat is utilised except that which goes up the stack.
Radiation in the basement of a home cannot be considered as a loss unless it is excessive. The radiation
from the furnace and leaders is generally not greater than is required to maintain a proper temperature
in the basement to prevent cold floors. A dry warm basement is essential to proper heating of the
house. A properly installed warm air heating system will not give radiation from the furnace and
leaders in excess of what is required for maintenance of proper temperature in the basement.
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TNTRODUCTION

Within the lass six yesrs, gas fired furnaces, either of the gas

@esignea' or couversion Sype; have been installed in a large number of h@es
_in Montana. These are of all types, steam, hot water, and wam air, Each
. of these three types of systems would require a difrerent method of tosting.
T4 was dgcide& to confine this invgasw’:iga‘bion‘ 0 a slngle type for the pre~
sent, and the werm air system was the one Selee*’cedo

~ Due We the velatively short time thet ges has been used, to any
Q‘;maﬁ extent, for é.omes*i:ia heating purpas'es. in other than the inmediate
vieinity of a natural gos "supplﬁ., there has been very lifttle work dome on
she aateminaﬁon. of the affie'i?ency .of glomesﬁc gas Fired furnaces. A tesh
code for gas designed furnaces, estdblished bj the Amsrican Gas Associsbion
spaeifios minimum requirementé vihich must be fulfilled in order thab the.
© appliance may. be approved by the Associablon. A code has alse besn eshabe
lished for the installation of eonvérsio:}. burners, bub -:ao testing code for
the conversion burners has been esbablished.

The conversion burnex ﬁas been developed to a point where it has
made a definite place Lor Itself in the field of domesiic heabing and, con-
sequently, a method éfr:’ besting must ‘includo the comversion burner as well
as the gas desi@e&l'hype of furnace,

Since natural gas has galned such wide distribvubion and ':.ls con=
tinuelly gaining in popularity ss & house heatlng fuel, 1% vas fel¥ %hat en
investigation into the efficlencies obbtained with this fuel would be a
service to users, and o those contemplaﬁﬁg the usé of gas as a fuel for

house heating purposes.




. - ol
’It was with this sermee in mind that the prc;gec'b of devising e methed for
testbing was ,startec_io-
I‘E is hoped that the test’img‘ may be carried on o:ire:e a perioa: of
years so that some reliable ela’c;a c‘an be aeemmla’ced on & number of c{.v.fferen’s
t:ypes of warm air fu:fnaces, and thab, the tesﬁing may be extende& o s‘i;eam and

‘hot water heabing ,oystems;
PURPOSE OF INVESTIGATION

The purpose of the investigatiozz ié. to develop a me‘%ho,d i‘of tegt=
ing domestic gas Pired warnm aip furnaees@ ‘I‘he wmebhod has besn devis ec‘t B
‘that 1% would bé equally well suibed to the 'tes-i,mg of either gas deszgned
or conversion types of furnmces a,n&, acpnseq&ently, es’aal_:lz.sh. a means of com-

perison between them on the basis of thelyr efficiensies.
BASTE PREMISES .

I% is generally 'eﬁncedeﬁ. tﬁaﬁ the mo,zea neaﬁ;y fesﬁ conditions
a;gpmaeh actualk Qperatlng eonditions the moxe aeee:ptable are ﬁhe rosulbs of
the %esbe Th:o.s ig the Tirst :premlse. on whieh the method is based. The
method has been held to this requiremm: a8 rigorously as possibles Tha, |
laboratory ha.s been in a residence and the apparatus a ednver'sion instaila-
'.i;ion’ put in by the distribubtors of the gas, without their Imowledge of the
fact that it wouid. be used for ‘testing purpsses. A fow slight modifications
of the— installation have been mafle;» 0. fecilitate the zise of beogting insbru-

ments, bub the 1nst811a’616n mema:ms ‘essentislly es it was placed by the

installaislon men. :m the. employ of the 6istri’bm':orso




| The second premise of the method is thet o1l heat is uilized
exeept thay wh:i’ch goes up the stacks Radiation in the baseme&t of a hone

, canuot be conﬂdemﬁ as & loss unless it s oxcessive. The vadiation Erom

. the furnsce and leaders is genera]ly #Hot gx'eate'c than i mvequireﬁ ta mama ,

tain a pmpe:v? nempe:ra*ture in the basenent o prevent eoid floorss A dny

Warn basement 1‘3 es ential GG‘ yrcper he&‘b:.ng m’:‘ the housm & properly in-
s%al@e& wafm, air heeting system mll not glve redisdbion from the furnace
and leaders "in eﬁees:s' of what 5 requived for miintenance of pr}aper bewpere

abture in the basement,
 DISCUSSTON OF TEST METHODS

The p:c'inci’x‘}ie material ‘availabi@ on besbing me“shc;ds fc::f donsstic
furnaeces is as follows: | |
o Imesﬁiga’eien. of Werm Al ‘Ix‘uma‘cag and Héat‘i;;ng -Sysiﬁéms 8% ‘the
Untversity of Til¥nois0s7s+8s910,11
2, Testz of Cas Homwﬁea%iﬁg Fouipment st Purdune Universibys 37
B. Amsrican Gas Avsee.zatiozz Appx’o:velt Requireman’i:s for Central

Heating Appl:.an@esj
o The most exbensive bests on wers air Tumacss have been earried on
at the University of Illinois. These hests have fﬁeen devised for, and made
with coal fired furnaces. . | |
| Ta ealléﬁoraﬁ{zieﬁ with the Nab i;ozxal' Yerm Afr Hesbing Association;
" the University of ITlinois has carrisd on 4 Tesea;re‘h DPTOgra over & periold
of about twelve yeavs on the investigaﬁiﬁﬁ: of .éll phaseé of werm air heating.

There have been six bullebins, each of cbnsid’_era;ble Iéngbh, issued on the




@B
work which hasfbeen_dane? ‘

The: methols oﬁ’testiﬂgvérg\varg‘éqmplatéa aud a.greatzaealncf daté

on the performance and operation ﬁf’wanm air furneces has'beeﬂ obtainsﬁe

Briefls the method used Is o memsure the heat input by weighing the fuell
and to determine the sback loszes byﬂmeansréf Orsaﬁ»appgra£us§ 'Thé furnéce
oubput iS‘msasure& at)each»:egister‘face'by'umans,of anembme?er traverses
and temperaturs measuremsnts with thermocouples and thermomebers. The
effieieney is based ou the measuremant of inpud to the~Tfurnace znd the eutu
Imﬁ<a§ measured at the xag;stervfacgsy 1% weula be enﬁlrely UnheCossaTy to
duplicate:work'whicﬁ hag airéa&y'bééﬂ so:well done@3 Iz it $hﬁdl&ibeeom9'd@—
szrabla %o e?%end ﬁha seape of these ﬁests at Bome, later aa699 mﬂny“mf »ha

| methods and devmces ﬁgea at illincis eoul& ba<aanp$eé o a good a&ﬁaﬂ&&g@a

In May'195$,a.b§116ﬁ1n,en$i£1§& ?Tgst.of‘GES'HbmeéHeatrﬁgfﬂquxph
mentﬂl?:Wasfiésue&‘by‘Pur&ﬁé.ﬁhiﬁersiﬁy¢' Tﬁ;s bullekin covers the mobhod of
?‘testing and resulbe of besis xmﬂeﬂan~ﬂmmas%ié.S%eam.boilefs fire&‘withmgéso
Research was cafr’i-eﬂj on over & pericd of two yc—;éz_:s,, tes{:s being mede on a
.nnmber of differen%'%ypes<oﬁ-eon?eréion burners in several mekes of boiLers .

Tests were also made on a gas designed boi;af,

The,msihﬁa ﬁ%iﬁgs%ingfas»deviseé a$aPurdus,;uﬁed,ﬁheiprinﬁipi@wof
| tosting intezmlttent aperaﬁ*on oi’the beiler. Previcus to these tesbs, ne
besting with iniexml%%ent eperailon,had been acnen, Sinee‘these‘tesﬁg-ﬁere
' made,. a‘code, ﬁramn ‘up by an A.S.H.V.Iis comnilfes, for testing oil burnzng
devices ineluded = prcvisian_fer—xntenmittenﬁ tesmsagg
The AsGe.do 3pprqvai,ﬁegg;£ements'fbr‘Cenﬁrﬂl Heating Appliances

are specified as requirements which "represent minimum gtendards for safe




| o
| op,era'bicﬁ_;‘ satigfagthz_fy p‘erfd:;mahéeg vsubsfbéntial and durdble eopsiructlon.”
A me.-’l;hoci‘ of_‘ t,esﬁiﬁgv gas designed warm air furnaces ‘is' speeifiei An the edde.
Tha mothod,. hé’ive*:v‘e'r , is omly applieabls:‘-wl?era the furnace f:'m;i" be seb up in
a labéra%e;y whéi‘é #ertai‘n appafaﬁus is availeble for the ‘tosts While the
.m@tﬁc& wi%h certain mod’{i‘iea:bions gould be used in testing =¢onyarsii-oﬁ
‘f&ﬁaeeé',» the me‘bh&d was, ﬁévis‘e&‘ for ﬂa‘i;erminiiag -‘thé miﬁ,i:?xm performance
_ reg_—uiréman'bs in order o -obtain the approvel. of the .l-A,qu-A.q I.abnrataﬁa&,.
| f»vhicfh i prmaril:y* Por the testing of gas burning devices submitted by iﬁh@‘
© memufackurers. ‘

The principle on vhieh this mebhod fs dsvissd is the sécond basie
premise, The method iz, briefly stabed; to measure the gas inpub and the
air su_pﬁiea ‘fc},.’r cpm‘bus-b:i:o:;i:f To ﬁeaswe the loss Yo the staek, and by vak=
iﬁg %ﬁe- dif;ferén\?:a of these two guentities the ’h.—egt outpub ’ut:iii*"ze& .«.31 Yisate
ing the house van be founds By kuowing the inpub, “Fhe: ouﬁpﬂ#.aﬁm& +the losses,
the effictency of the furnace ecan be ﬁeteminéag -

ma.e 'priﬁcipla éjf.’aésﬁing on’ inbermitbent- operation iz used in Phis
"xm_e'-i;hoa_o The fuﬁ_:ﬂacé iz ailowad to operste normally with fahémostiatm cone
‘;g.rol and 1o épecific pexriod of Q’pargt‘ion is reguired. Teshing is done -dwiﬁg
tﬁé "o‘ﬁf"- "p‘en?i;ods;. as well as during the tont pa::;'iqu_ g0 that t:;tl_a. eﬁfame Loss
t,l'_réaugh .th@_e‘f‘ufcngea is measfur‘e‘d., :E;zti'raly noxmgl operation ‘of‘_, tha fv_rnac‘e is
thus obbained and adhershee to the Lirst basie 'p»remige is \stfiétly mai;n'taineﬂ:p

| TESTING PLANE AND APRARATTS

" 'Pigure 1 glves s disgrematic teyoub of the festing plant and Figures

2 and % ave pho‘l:ographs of the sebup made.




‘.Eha :i';’urr.taatces§ paru 11, ig 8. warm ait furnace of sbe@l construetmnw
installed for burning coaly’ For burning gasw the grates hav:o been remeva&,
~ and the bumer placec‘i a8 abou*b aha ;po;s::fbion aecupied by %;he gratese The: ash
pit ﬂoov* wog removed for insballmg the burmér and the en'i;:r.ra opan:mgg mmh
the emept‘ton of a small secondary i opsning near tha £I oef,, was bricked
up and sgalecl with high temperature cemen‘ﬁg :

The burner Is of the. bunﬁen !:ypea The .bnmgr._'hga&,,is_ & ring which
£its the fire pot, over which is placed radiants to throv'xr_thé heat against
the walls of i:he. Tire pt-rb.o | |
dry *E;ype of meter, pari; Ly rigtma 2, which hzs a ma.mmzml capaci‘;;v of 150
gubie fest per hcwq; The moter was new when it was ms'calleé.o A ’i:’en‘fo&i;«
prover is availsble at the gas wavehouse of the Montana Power ‘Company, where:

- the :ealibré%ion of the meber can be checked as fre,guént‘ly as desireds

A tee is plaeed im the gas line" j‘u;t ghead of the mevber.i?;, arranged
as shown in the d:agram, :{'.rt which is vlaced = thermometer part 10y Fimre 2 5
to obbain the bemperature of “uh,é ggsi as 1% is mebtered. It is nesessary thab
the themometer be .i;ls.grted B suﬂ_fi;:ia_enh éi‘s'.#é_ne‘e.f go thatb 1’717@ bulb is Fi‘n the
gas st:eeaﬁl{l Another eomleqi;ipn b0 the same :;;ee; is provided to which is
altached a water manometer, pa:ci':. ‘?, Figure 2, for obitaining the gas pressurs -
ag mete::-ed;‘

A speeially woistructed box ;};?3 _ga‘;i’.;ran:i‘;'zéﬂ ivon; part 4; Pigure B,
and Figare 4, ,is uged o .égﬁ?erv‘ the mixer and *bh,e;'s‘eco;;xaary gip inlebs ‘ T the

box between the mizer and secdondary air infet 18 placed & dampsr for the wo=
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gulation of tha.secanéary'éirp The box is %eﬁminataé:by a length of four
inch air pipe,_part 5, in wﬁich iz installed a aéﬁper to shub off &1l air
waen ths-fuxmaee is not oPerating@ The damper iSTGGnnegﬁgd by a suitable
iinkage 0 thé—ﬁhermosﬁaticaily controlled eleciric valve, pai% 2, so thek
the demper opens simultaneaﬁsly with {the valve. A% the ond of the four inch
pipe is placed a length of six inch pipe, part 5?uwi$h:a'suiﬁaﬁie reéuce?a
This is the metering pipe and contains the orifice for mebering the aip
gupplie& for combustion, The mebering pipe is removable so thal it can he
placed in a calibra%ing-apparaﬁus and the orifice calibrated in place, The
method of calibration is explained in detall in another sechion of this paper,

An Orsat apperatus, pards 15, Eigmrglaﬁ is uged for analyzing the
£lue gages@ The Orsat sampling tube, part 12, is placed in the chimmey flusg
part 17, as close %o the furnace as passibiea. |

The bulb of a.necording“fiue-gas‘%harmgms%er@ parh 14, is placed in
‘%he.ehimﬁey flve & short disfance bekind the Opsab sempling tubg, The prin- .
eipal use of the recoxiing thembmeter Is to show the peried ﬁf’cﬁéra%ieﬁa
A high range mercury thermomeber, part 13, is giaeeﬁ as near the recording
thermometer bulb as possible. Vhen testing is iﬂ.prag?ess readimgs»arefﬁo
he teken frdmhth@ nmmnuiy thexmomatervgna,not frgm,the recerisr s

In the chimney flue, part 17, Figure 3, onggpipa Gilemeber shesad of
the elbow by which $he flue is eommected o the steck, is placed a pair of
Plenges, pert 16, instead of the ordinery slip joint used for flue pipes.
The flanges are used for an oriflce mhiéh.ié:élacaé:in %he-ﬁiuém This chine
n@y*fiue ozifiee serves a ‘twofold purpose (1} as a subs%i%&te‘fog a draft
hood %o reduce the chimney'arafﬁw and (28] FPor melering the produets of com=

BEARETITEN
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bustion., _

The check demper opem‘,ngy part 18,., 'E_'igtzra*.z., is at the <lhow
between the 'fl—énge'g- and fhef_ :staek'@a' For repsons w,hiei_z will be explained .
later, this opening:’. is kept capped. _ : .

Tn or&éf to use the oria?ieeaw in th@'-m?:% éiit; mebering p’i’pe Aand
the e.hwmey fluey fmz mea.,urmg the, ﬂaw oF gasés;, :’d: i8 necosgary to bave
dlfferen‘hlal pressure faps In th@ pipes in whinh ‘bha orifices are piaeede :

The faps are baken one:\uipe‘ ﬁmme}tez* from the zﬂana‘ o% the oxifics, on %he

' inlet side ami onewhalf p:.pe Giameter f¥om the plane of the ovifice on the

ouulet sides _

A differential manompier of Tow raﬁge #nd high accuracy is Yeguive -
e for ﬁhs measuyement of the differentials and drvefbs encountered in this
works A mancmefbarg part 95 ¥igure 2;,; aeewg-i;_a to 001 ineh of water, was
| i:ons’truétea._ espeeiaﬂly.foré this project, The wahometer end ¥ manipulation
will be deseribed in v&sﬁgil 3.13, another seebion of uh,is DEpSTs |

Rubber tubing :abnne:éﬁionszv Wers Tun ffom ’thé pressure teps 8t sach
m? the ori:f‘lces Bo the place where the :manematef is locatad. Three way: .
cocks, part 8y Figuve 2, wers pl&cad te Torm & beaéerﬁ 80 that. $he differ-
entialy, either ab the chimmey flue erifice o Hhe ‘qr‘;&fi'ce in the inlet air
metering pipe, could be obiained without remving the lose comections. By
$his means readings can be téken smeéssivély ay eé;eh orifice by siuply
changing the :écs:’f.-ticﬂ of %he cockss.

A small 1amg1ass window in the: furzzace Jdoor was provided foxr
observing the conditiion ai' “the 1.18313 at the bumer while adjustments for

PrODET eeinbusﬁiqn ave being wade. This ¢liminabtes the necessily fLor oper-




] Fen
ing ¥he Turnate door, or aedmitiing air %o the combustion chavber throush
any but the proper souvrces,
4 specially constructed dewpoint apparatus™, for determining ihe
bupidity of gases at high temperatures, is used o obbain %he moisiure

:

content of the flue gases.
OFTRATION OF BUBNER

The device for the proper mixing of the gas and air for combus—
tion is illusbrated in Figure 5. The gas expsnding from the pressure in
the gas supply line to atmospheric, through the small orifice in the spud,
attalns a high veloelty causing a slight vacuum at the mixzer throst. This
suctlon drams in the sir ab the mixer face, and the wixture of air snd gas
passes to the burner head, The mixfure is ionited as it igsuves Prom the
burner ports, The amount of air being drawn into the mixsr throst is
controlled by means of the primary air adjustment plate whi:ch can be placed
as close to Yhe mixer fate as desirved,; o give the proper air and gas mixture
for good combustion conditiouns. ' Secondary air, eonbtrolled by a dmmper in &
“emall openiné in the front of the furnasce, is drawn in m;&arneaﬁh the boraer
head, and supplies a sufficlent amownt of oxyeen %0 complete the cowbusiion

of the gas,
PRELITCINARY ADJUSTHENTS

& rule, determined from practice, for the size of flue is given by
N. To Branchegm This m™mle si;:zvﬁes that Yone square inch of flue area for

* An undergraduate thesis project by George Van Winkle, M. S. Co, 34
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. every 3.0‘7,000 Botiou. is somevhere near the required area®s This rule was
used to approximate the size of the chimmey orifiee, the ©inal size being
determined by trial. I% was ﬂe.ci&ed that & gns rate in w'shé neighhorhood
of 120 cuble Toet per hour was desirable for the tesis in proslmct,' sinee
the burer was designed for rates bebtween 100 and 150 cubile ‘i"ee‘i: per hour,
The heating velue of the gas is known =0 the size of the chimney ériﬂca
could be co;gou‘i;ec‘i from the rule given above., Computation showed %hﬁ’a an
.opening about four iunches in dlameter would be required, .A:zz orifice of

" 4his size was made and plagced ln the flue, By varying the s‘.ize.y of the gas
- .'-‘orifiae 111 the spud, the ges rate was adjusted o abouk 1.29 ;eubic feet per
11-0'.91'0‘ |

” An orifice of an arbitrerily assumed size was placed in ,*ﬁha inlet®
féir metering ﬁip;a, Adjustments of the primary and sscondary e_tis: were made
until he best possible flame was obtained. Tesbs vere then made with the
Ovsab apparatus to deteimine tho amount of excess alr belng used, If too
much excess alr waz found, the size of the air orifice was reduced, primary
and secondery air readjusted, and another trial made with the Ovsat. This
g)réegss was condinuved wnbil §0 was detecled in 'i;h&; £lne gases. Ths size of
the alr orifice was then inereased unbil ¥he CO diseppeared. The burner
was judged bo be adjusted wvith as small an amount of vexeeés alr ag could bhe
| used b¢ obtain complete combusition, when this condition was reached.

. When these trials were ecmg)le‘éed,, tests for neutrality of draft
were made. This was done by opening ‘the fire door glightly and haiéing a
lighted mateh at a number of points along the edge of the doowe. If the

Plame was drown in slightly vhen the mateh was held below he middle of the




2,

D
door, and was nok drawn in or was exi:inguisﬁed vhen held sbove the middie
of ‘the door, i:hé draft was judged to be as nearly neoubral ss could be obe
tained. This method of drati édjus‘men'l; vas used in meking the tests on
all equipment tested at Poriuve, and is alsc recommcnded by M. Te anehego

If a nmeubtral drafb is not obbained, it is necessavry to change
the size; of the chimsey orifice and ropsat the process outlined chove unbil
propsr adjusiment of both air and draft is obbained.

When these condltions were established, the ailr metering pipe
containing the air orifice was removed and placed in the eritieal £low

apperasus for calibration,
PROCEDURE OF TESTING

After the orifice is calibrated, the spparatus seb us as previcus-

1y described, and the burner properly adjusted, the testing may be sharbed,

-8ince the %esting is vo be doune while the furnace is operating inbermitbonte=

1y, tests must be made over a complete cyele or a series of camplete cyeles

of operation., Tor exemple, if ”ﬁhe testlng is starbed at the vime the |
furndce comag on, the tosting must be done during the "on® period smq e
subsequent "off" period up to the time Yho fumace comes on again, This
insures the temperature in the house being the same at the end of the best
as it vas ab the start. It is imm‘;eriai at what point of the oyele the

test is sterted, or for how many periods the Test is made, bub i¥ is impor=

'_*’izam; that the best be ended at the sams 'pcsizrk of & eycle gs that from which

1% Tas started.




ATATYSIS OF FLUE GASES

The usual practice in combustion testing is to fgke a @euﬁiﬁﬂaﬁa
somple of the £luvg gas vhich iz enslyzed efter the complebion of the besh..
Ia this work, :(mw?rmnazx9 a grab stupte is faken amd m&lyze& as. eaeh se% c:f
readings is taken. The uecesgity For *i;Lzm mebhod of Ffiue gas ﬁmiiﬁg is
- shom when the opex*ai:ian of fhe in%emi%ri:an%; burner is exeminogd. The 'ﬁ'aff“:
period is uvsuvelly of gufficient ﬂuréi’:ion s vl;hat the entire systen is sold
when $hs furasce sherts uwp. The Flome impiné%ng on these cold surfaces
vauses the Lformation of 0O Ffor a short perlcd, As the fuvnaes woias up the
corbustion becomes complete, The pbtuck is cold ot the aéwi; of the eysles
an&' as 1% heats up, a greaber draft is creabed whish dravs move aizr Throush
the furnace and reduces the Gﬂz ﬁam@nﬁ of the gases. |

Another Pactor in vhich the greb sowple plays en impowbant pard
is the elr leakoge inside the faomace, o ordinary furnsce émﬁalf};s:kiﬁﬁ
iz sbsolutely air blght, am'consaquezrh}iyg there will be some lenkege indo
the combusiion chumbers, This leakage will voary dud o the incrpass in
drafts with inerease in shadk f‘semgemmmm smd dncroase of the visgosify of

gases with Inerecase in temperature.
ANAINSIS OF TFUBL G&S

The carbon and hydrogen conbent of +he ges used Tor %hét@s%g was
determined by neans of & slow eombustion pmeész;%o This park of the woik
was undertgkeh by the Chemiesl Engincering Dopartment and dhe data oz this

best work vere obbained from them. - The hydrogen content was alse obiaingd
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g f’rom the Junkers "yps calorme‘ser v:hen uha heamng valus . was datemmeé.
HEATING VALUE OF FUEL GAS
The heating value of the fuel was determined by mesns of an

Amemean Veter Company Junkers type ea..omme‘ber. The proee@ura 01’ obtaines
‘ing the heating value by meansv of ths ms“&::mﬁem: is aompietely described
in Bureau of S tandards Civaala.. Hos %321 ané does not require repe"bi%ieﬁ
in 't:h’is "oaper,, as the results of the h@aﬁmg value tests ave the only date

peztﬁment o 'thls methode
GOMPILATION AND GOMPUPATION OF DATA

Before any besh a.a.“t;a are c’btained, it is desirable that eem‘;aln
ﬁables and eurves be prepared o faeil:.tate the ;alculatlon of the resulis
of the tests. Sbtandard conditions of rei‘eren—ec% ha.’ve been established end
| all results have been eorrechted to these e@néi'aic:ns t o assure wnifornitys
 The condit ions. essablz_she& are as follcws' ‘

| Atmospheric Pressura . 25 mches'ofﬁereury '

Lbmospherie Temperatmé e deg;’eés Fo '

Llll tableg ané_ curves are based on & quan ity of 100 cuble fee"& of
‘fual gas supplied o the furnace for combus“‘iono ' .

~

‘The gas smalysis obbained consisted of the follopings

¢ 66.1%  lolecular Weight  19.2 -
B, 28,7 °  OSpecific Gravity 0,664
N, 10.2%

From these data thé- Orset anal;s}sis_ for varying percenbages of 'ﬁ@z was
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computed, A fcabulation of the results is given in Table I,
Using the volume of. wet gases and the _;aercentage of G@'Z Trom

Table I, the curve in Figure 6 waslplo*btec‘i,? This curvé was used to obtain
the volume of wet flue gases from the ‘Orsét ﬁnaljrsig nade t‘iuz"img, the test,
~ From the data in Teble I the heet losses as tabilated in Table IT
were ”»::alreu‘_latea by the followin@,fﬁmuiés.s‘ - o o - A .
Loss due to sensible hezt in "che,.ézé‘y’ flue gases : ] '
0:24 W % | "

g~ B | h L ;

where
W= welght of five sases/I00 eubie fest of fuel -
0.24 = specific heat of Flue gases ab constant "pr‘es,s
‘t:g '-:f tenrpemturqof five gases; &egre.es i
., = temperature. of reqﬁg ﬁegjrjees';lﬁ’o
Ioss due o moisture :f‘omgé by buring hydrogen

owl Hy ) { 1089 + 0.46%, = 5,)
e e .

where o | - |
w = weight of fusl gas/lﬁﬁ cuble. 'fea'i; fuél 2a8
Hy = % by weight of hydf;'argen‘ in fuel gas snmlysie
Since there is no CO present tile_ tca'i:&.i_ heat Loss is the sum of the
- sensib‘,le' ﬁeat loséz due ‘to dry gases and the _3.03,3. dne to the molsture Pformed
in burning the hydrogen. | ' “
B From the data of ‘fable, IT, the eu:cfvc;,s in Flguve 7 were drawn.
These curves were used to aefzérmine the heat loss when no CO was detected

in the flue gases. I CO was present in the gases, as was usually the case
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TABLE I
ORSAT ANALYSES AND GAS VOLUMES
Computed for various assﬁﬁxe‘d percentages of .GOg in the Orsat _Anaiys;i‘sa

- Gas volumes based on 100 cubic feeb of fuel burned,

o COg Ty o N, Total . Excess " Total
- Volune Alr = Yolume
— ‘ ‘ bry B Wb,
Orsat inalysis % 115~ 0,0 = 88.7 o -
Vol, Dry Gu.Fts 10504 0.0 58520 o874 0.0 1162 |
Oztss_.t An‘a‘lysi"s'.% 13.?0 {1:5 . 88,35 ’ |
Vol, Dry CusThs 105.4 . 4.& 'ﬁ:'s4gqaf. 960,0 2.8 1183
-oéégt_Anélygis % 1045 lod .88§l o
VoL, Dry OuePhe 105.& 14,0 - 834,68 1005,0: 6.7 ... 1229 -
Orsg»t Analysis % ;0?0 29;5’. 8'?,;«-'7 o _ o
Vole Dry Cu.Fbs 10504 24,4 952,2 _ 1054,0 11,6 1278
| Orsat Analysis % .9?5 802 8705 3 |
| Yol, Dry CuoFhe 10504 36,0 -~ 968,6 _ 1111,0 179§.>> 1335
Orsat An.aii_yslis.‘;'é 9.0 4.3 . éﬁf‘? ‘ |
Vol Dry CucPb. 105,46 _ 51,0 1014,8 11710 35,2 1305
Orsat Analysis % 8.5 542 8643, ‘ |
Yole Dry Cu.Fbe 10504 6450 1070.8 _ 1240,0 30,0 - 1484
O:céat Analysis 4 8,0 B0 8640 |
Yol, Dry Cu.Fbs 105.4 7866 1184,0  1BI8,0 .~ B37.9 1542

Volume of water vapcyr Lrom 100 cu.fhs cf* fuel- = 2324 cu.Thy

. A1l volumes for condibions of 25 in. Hge = 70 doge Fo'
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TABLE IT

HEAT LOSSES DUE 70 FLUE GASES

Weight of produchs based on 100 eubi¢ feet of fusl burnad

Totalk I.osé :

% COg Weight Temp,Flue. Dry Flué - NMoisture
Dry Gades = (@as losg loss From Bio,
Produets Biu Hy Btu ]

1113 59450 150 1150 9520 10670
200 1880 9720 - 13580

-850 2540 . 9930 112470

300 3300 10100 13400

. 250 . 4015 10310 1425

10.5 63,11 150 1210 9520 10730

200 1970 9720 11690

250 2730 9930 12660

F00 3480 10160 13580
350 4240 10310 14550

180 67 .09 150 1285 9520 10805
200 2090 o780 11810 -

| 250 2900 | 9§$@ 128325

300 3700 10100 13800

. 55O 510 10810 14820

9.5 70,62 1O 1415 9520 10935

200 2300 9720 12020

250 3180, 9930 13110

500 4070 . 18100 14176

550 ‘_”.égsa 10310

15260
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for the beginning of the Honn period, the hest loss was computed airectly,

v Table III is an example of the data sheet uned for tesi;iné,; and
ligks the readings vwhieh should be i;‘ake# in the course of the Yesh, Abowk
ten minubes is régnired for one &bsewer-_ to bake: a seb of readings, IF
twa -obsemerls" are available for the %esi, observations at five minube. |
intervals vould be desirebls, |

e Teble IV illustrabes the derived and computed data,. ‘Tﬁe method |
| - of obbaining e_aghﬁii;em i givén m the "Semple Galcﬁlaﬁioﬁs%ﬂypénﬂix b |
The inpub.is a consbant. g_uéntii}y during the operai:iqn of the
fornace and _ié obtained by multiplying the ‘me'b'ered gas rabe, cqmec;#:edﬂta
atmospheric pressere end vixa;rzaggera:l;zum;fa:_f,1 'Ey the heating vaiue per eubic foob
L of gas, The input was plotbed, as & horizontal Line, for ﬁh&"périéﬂ o
. the cyele during vhich the furnace was operabing, Figuire 8,

' Tho heat losses for the entire cycle were }p]_.cﬁ;eﬁ on '~the:.,sazz:e: '
sheet with the head inpub; Figure B, Eﬁ:‘.‘"ﬁh these ;cum}as,_, The Bohaus input
and the B.beue Loss for the ¢ycle wefeleémpui;e&o The efficiency was
obtained as followss _ |

Bate of heat input = 115,000 Botew./hour. (Figure 8)

Time furnace was You® = 50 minufes

Hegh inpub to furnace for cycle 113,000 x 50 = 94,200 B.botn |
Rate of hest loss during vont ﬁer:‘:o& = 17‘;,002013@’6011. pew Mour o
Figore 8. _

Rzbte of heat loss during ®ofpe periofl = 2200 B.tou. per hour.

Time of "off™ period = 97 minutes.




CPATLE IIT ~ OBSERVED DATA

Test Mo, 3 ' Furnace = (Jonversion - Gas Rate = 119 eu.fb./hr Barometer - 24.93" Hg
Yoather = Rain Wind = None - Quiside Temp, = = 59 deg.F. Date = May 3, 1953
i T8 B Z 5 8 7 ) — 9 10
! 71 Pime Manometer Headings Flue Gas TFuel Gas . Orsat Analysis
. Zero Air Chimpey Tempo Temp.  COg 00z % 0y €Oz + Oy Entering
: o : Orifice Orifice o : + 00 - - Adr
e - i : . ) S ) - - . Temga
- 7:40P Furnace On ‘ ST :
: 7:40P 2642 54,8 40,5 164 70 . 9.8 12,0 13,0 68
7:50P ~  26.2 60,0 - 45,0 240 7L - 10.2 12.8 15,0 . 88
8:03P 2603 6303 5160 300 73 10.2 3,3 13,3 88
B:14P 2604 85,0 48,0 - B4 76 10.5 138 1385 - 68
8:28P ' 26,0 85,0 4340 552 78 10.2 18.4 13.4 68
8: ZSP 26 o 5 ‘70’00 53 po 576 78 g o 9 15 46 . 1&396 ‘?0
83130P Furnace 0£f . : ' :
. 8:240P . 8661 27,0 - 8448 - 308
_8:50P 26,1 26,8 55,6 275
9:00P - 26,1 26,8 = 535 255
.9 :10P - 2861 260’? - B354 251
9:20P 26.1 26,8 23,0 212
’ 9:30P 2601 26.Y 5398 195
\ 9:40P - 26.1 26,7 3245 185
o 9:50p T 86,1 26.8 5262 176
©10:007 26,8 26,7 31.9 1a%

10:87p Furnace On

-68_




Tost No. ,%ff

A.na_ys1 g of ‘Gas

TABLE IV.

U= 6691%
Speei f;gc’ A‘%’rx*av:v,ty of Flue Gases 0.95 Average

Hg =

28.7%

N = 10:8%

Hol.. Wes '
Heatmg Value of Gas = 936 Btu at S5"Hz«70 degol‘o

_ DERIVED AND CALCULATED DATA
= 19,2

.-’

Pressfm:*e on Tuel CGag Line = 6.6" Ho0 Gas Rate Corrected = 120 CWe fho /‘ffro
L REE T 14 15 Y 8 19 20 21
yiui‘erenﬁials A% Gds Flow From Flue Gas Orsat Analysis Vol.FlueGas Bhtu Loss/Hr
,// Orifices \W»mﬁrifica Diffs,  Density COg Og - G0 - Ng  From-Orsat From Flue
_#Aly " Chimmey _ Air Fiue Gas ' . : . Cuefts /E‘i‘b Gases
0s0286 05,0143 9285 . 1700  0.0505 | 048 2.2 10 .87.0 1720 18000 -
040538 -0,0188. 1008 28075  0,0450 10.2 2.6 0.8 87,0 2010 15200
0,0870  0.,0847 1022 2460  0,0417 10.2 Bol 0.0 . 8647 2180 18600 -
0,0886 . 0,016 1087~ . 2385 00,0396 10,5 B0 0.0 8847 289C 17500
0,0387  0,0217 1090 24001 0,0388 1042, 5+8 0.0 8646 2360 17950,
0.0437  0,025% 1145 " 2830 0.,0580 9.9 BT 040 8644 2400 18300
Furnace Off ) . - ' :
0.00B% 1460 T 0.0423 B540
00075 1825  0.,0442 2890 .
0,0074 . 1295 . 0,0455- 2580 &
© D003 1265 0.0469 P 2505 ¥
. 0.0069. . 1215 040483 / 2020- .
L 0,0087 1182 . 00495 ; 1765
10,0064 1145 0.0503 ‘ 1600
0<006% - 1130 0.0510 - ‘ 1440.
0.005% 1065 0.0518 1288 -
For Cafbs nii -

See
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Heat loss for "on® pericd = 17,0800 x 50 = 14,150 Bobous

B

Heat loss fo7 Roff® period = 2,200 x 9¥ = 3,560 B.t.u.
BG

Total heat loss for eyele = 17,700 Bokole

Efficieney = {94,200 «~ 17,700) = 100 = 81.3%
) 94,200 .

DBISCUSSION OF YEST DATA

The sess dade miven s the rosulds of o %est maﬁedéfer'a single
- eyele ond are not necessarily represeniebive of regulls which night be ob-
talued. I% is merely used for 4he purposs of illustrating the operabion
of ﬁz_‘g method.

Several discrepancies occur in these data which requirve oxplapae-
tlon. The Lirst is the va;éia-aiaﬂ in the aciual Orsat snalysis from Ghe
computed values as siven iz Table . This was probably due to %he 'ehange
in the gas whieh had been maﬂe shorily before the date were taken. The gas
was belng supplied from different wells then fthose which were 6rd§.nar§.i§r
uveed. This neeessii;a%ed‘z;aﬁng an analysis 6:’;’ vhe gas afber the Sesh. There
was not sufficient fime available fo make enough susliyses for = good avoroge

velug.

The sgrecusnt hetsreexz the volumes of gas as maasmzezd a“a the orifice -

and the volume from the Orsat analysis is i’aw in mnss cases bud would
prabably be much closer if @ relisble gos analysis were availgble,

in .Lablc TiT $he air Tlow ﬂ.&fferenmal reading a% 5308 P, M, is
i:igh compered o the other differeniisls recorded, IThis wes srobably causad

by 8 surge in the dreft occurring at the bime the menomehor was read.
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The shape of the hean loss CUTTE, Eﬁgura 89 is dharaeterzsﬁlé ;f ,
%he perfbrManee of & burner in 1nterm1tteam opavatlon and bears oub the
‘,prediaﬁlon ef'perfaﬁmanee as given in the sectlon on Analysis ﬁi’Elne Gaseso N
The large losses shown Guving the First few minubes of operatzonﬁla»eause& =
by the formation of €0. Then the temperature of the furmnace snd radiants
‘has become gufficientl&'high.so that the combustion iz complede, the loss
drops to the ,miz.ﬂnmm point and then rises .si;eaétil& f’ors the remainder of
the "on" period in a direct.ratin o the temperabure inereasé-aﬂd inefeé&a
in Gsafhe | )

Figure 9 iz a reprnducbian of a chafa'abtalned from the ¥ive gas
mamperature Trogorder during +the winbker. The perlod”of,operaﬁion,was~48:hours
agd the chart shows clearly the necessibty for testing arér‘a‘nomplete»ﬁﬁele
of operation. ' o

DISCUSSION

The test method as given in this paper is by mo meems complefie,
Thera arewa,nﬁmber‘of pciﬁts’whiqh~require:invasﬁigaticn@ ‘

The next-step would be\%o-eélibrate thﬁ-eﬁimne&‘orifieéa \I% nay
be pos31b1e 0 develop a method of calibratioa‘simllar Erled ﬁha%ﬂﬂsea for
ealibrating the 1;1et,air-orlfice,m For ﬁhis purpose\it'wmll be heeessary .
to heat the'air'passing through the orifiee t9 %emperatures eofmésponding‘

0 the temperaiures'of the  flue gases. The necéssiﬁy'fyf'ﬁhengalibraﬁidﬁ_
may be seen from the following Pactsi=
1, The orifiece has not been used o measure 4iPferentials
caused by velocities as low as thosemenéaunterea in a

furnace flue.
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2o The chonge in the viscosplty of tha gases with the
change in temperature may have an approciable offect
on the coefficimnt of Adipchsrge of the ﬂrifi&é when
there is o tomporature veriatien over a wide renge.

Lfter the chimmey orifice has beon 'ealibﬁaﬁeé it wilk be paasible
to determine the sensible heat loss dug to dry chimmey geses éireéﬂy froﬁ
'uige orifice measuremens whejzz eamﬁus%ien is cowplete and usg the érsa‘?i'
:a}};%ératus only @s a check on cambustion con@ibions, Sisco there was nob
sufficient time %o dovise a method of ealibration for the -ehiméy orifice, |
an orilice cosificient of- a‘éﬁ was gsgumed for the caleulabion of the iest
data. This coefficient was given in gevewal papers read, 2,5,%‘: cozreet
for dirfercntials in he naighbozhood of oane inch of waber when %he ratio
of the diamster of the orifice hole o the dlsmeler of the pipe was 0,50,

A deparbure from the ordinery instsllation wes the substliubion
of the chimmey orifive for the dvafh hood, When & gas instailabion is mude,
whether gas designed or cenvéx:siﬁn@ 1% is nocégsery to make o provision fow
. & draft hood between the fnynoce and the stack. The purpose of thy drafé
nocd is thrgelold and is given in the AsGolde *Roguirements® ag fcﬁwsg.ss

# {1}, Po insure the roady oscaps of the producis of vombustion

in the ovent of o dvafs, hack dvals, or stoppage beyond
| ho draft hood. | o
® (2], To prevent & back draft from enbering the -app%iaﬂéep
® (3}, To neui;raiize the offeck of sbask aﬁ;tian of 1,21& chinney
upon the operabion of the aypiﬁ.amm#

The dralt hood in practice tokes one of tuo Toras. The Tipsh
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Torm is the stendard draft hood used vhen a éas applisnce is insﬁéllaﬁ..
This congisis of a bell shapad device of considerably lerger diamster theu
the £ive plpe on one end and tepered to the geme dlamsber as the Live pipe
on the other. The small end goes %o the steck, The large opening is
%elescoped for e shorbt dlatance m%e:e the chimney £iue from the furnaes.
3:1; the hood Ju_srt above the opening of the flue pipe is placed & Teshaped
baiflo. Trom this avrangements I way be scon thed thers is an srea of
@t least the equivalent of the five ares, which is open o the basement
and thus . rills the dvalv. The baffic prevents o fom déaf‘i: from affecting
the burmer in the furnace. The second type of ﬁraf& hood is that used for
The iz_axxversioﬁ burner anit consists simply of remsviﬁg fhe check damper from
the flus pipo. U4 o cheelr damper opening gonerslily has 2n a;*ca azsla:age
oP ﬁaa:fly as lovge as the cross seebional aves of the chimeey fiue, this
sorves the same purpose as the large‘ ond azea in the fivst type of hood
deseribed, |

-If‘:r:om the basle theory of the hood, it miy bo ssen that il @&1’6
be Impossible B¢ provide a maz'zs for covering these openings &% -any %’iﬁze
during Vhe hoabing seasons Wilth a drafi on vho stack varying from 05
inches of water o aboub 0.3 inches depending on the ﬁin&s, au*!:fsiﬂe fompers
ature, and tewpsrature of the ga:é@g in the gteek, o large vclvzﬁe of m is
romovad ):i’rom the house throvgh the dvedh hood opéni;gg ’Iha&mfﬁiﬁe%ﬁéses
with the Semporature diffn"aic;l botwasn the ivside and mzi;smg‘ai‘ the
houses there iz ponerally o greaior dvalt vhen a s"i-,mng Wiﬁc} is vlowingy
therefory the loss: through the drafs hood opening is greatest when the

weather iz most severc. The amownt of sir removed from the house by weans
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of the draft hood is sufPiclently lerge o raise the rvate of airchangc in
the house 4o an apprecisble dogree, The air is removed from the basemens
but sinr_:e a foundation is as a rule quite tight and basements have fow
windowy, infiltration must teke place in the upper portion of the houss o
repl‘aés;‘ the air removed from $he basement. From the fcmg*cing ﬁiscnss:ien,.”

" 1% may be seen vhat the draft hood loss is due fo the imstallebion of &
' gas applience and should be taken into accownt as a logs in compubing the
cfficioncy of the applismes. |
_ The orifice placed in the Clanges iﬁ the chimney $Iue sexves a
double purpose, (1) Ffor meitering the products of combustion goiug o the
stack aud (2) as a pubsbtilute for & drafhy hood. The check damper opsning
was capped end the rosistance emd bafiling .effge"a‘ of the orifice relisd
upon o serve the purpose of Yhe dref® hood in killing the draft end pre-
-vem-:ﬁng back drafi. From observabions made over a pericd of aﬁozﬂz aix
months this has been vory successful and ey bo & develépmen% whigh eould
be ndopted to good advantage on =ll zas -applianégm A longer perivd of
testing and more complete investigabion vould be npcessary before it could
be definitely chown as an adventage. 16 is evident, however, i:hai‘-. it has
a vory definite advantage in eliminating the heat loss dus -telf‘i;he draft
hoode
As to the other puvrposss, vhen the dralt hood is vgod s if stop-
vage shonld oceur beyond the hood, fhe products of sombustilon xwéulé PEY1L the '
house in é.ﬁhor‘c time meking 1% ‘c‘lisagmea’bieﬁ it the orifice is used and the
_ cp'aening capped the produchs of combusbion will back up‘iﬂ%a vhe fumace %=

singuishing ‘the burner and pilot. Wpon the pilet is extinguished i% ento-




m&‘bwal:ty simlﬂs cﬁf 1:1‘1& oos 80 bh‘vs Would ba moye:. ﬁésn.rabla fishan filling;
- tha house Wi‘f;}l “the eombustiozx pmdueﬁs, and ab the same tine i ,ﬁzstu as '
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18 {Cole 9) = (Col, 8)
19 (100) ~ (Golo 9} ]
20 E'ﬁom gurve Figuve 6 us:’mg value in Col, 16}

(Volumg f:eam curvé} = gas vabe x(Cok. 5.+ 460)
: d0C - B30

2L ‘(MM P ﬁ'lgu:esr 7 using 0ot 53 x gas rabe. in cve P, per h'f'a
A 166

' During ithe *ont period the speclfic gravity of fhe fIue :gases
ny b,e_*hek@;{; as +9% akmc‘%" the hgat‘loas 7,amiaine'& as i’ilnsﬁrmeém Dusfmg the
fopee wriod air is passing up the chimmey flue end the flow is gézﬁienﬁaatea
' in %he sems way bub to obiain the hoab Losy iﬁhez"":‘m};uma is changed to wolght
and Fhe loss aﬁale;azia‘&éa From. the tﬁbé?ﬁnz:i!;& Xk n 24 1%g » tp) as Filusbrated

on page 2Be
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APPENDIX B

HEASUREMENT OF INLET AIR AND FLUR GASES

The ﬁrizxcipal problem in conneetion with the testing method
adopted was the messurement of the air supplied for combustion and the
measurement of the produects of combustion. The volume of the flue gases
could be computed from bthe flue gas snalysis, butb sinee the flue gases ave
considered as the only losses from the furnace, it was decided that the
Orsat in itself was not sufficiently relizhle so that ive resulis could be
aceepied withoub vari‘f:tea%ioﬁ by other means,

. It was egually important thab the mir suppllied for e’omb;ustion be
measured so that the eatire inpub %o the fumaeé would.be known. The ;air
leakage into the furnace, can be debermined by dlfference if the Orsat
analysis o£ the pases leavi;:.g ig knoﬁn, enél the amoun% of alr supplied iz
algo known, The mebhod of doing {:his hag been shown 1h a previous section
of this paper. |

In considering the measuremsnt of the flow of gases at the very
low velocities encountersd in é donegtie furnace, three methods were cou=
sidered. These ave (i) the anemome-.-ﬁe:e, {2} the pitot tube, and (3) the
orifice. Xach of these methods has certain advembages and disadvantages,
and the seleetlon of the one to be used was based bn the consideration of
the following factors; (1) Apparatus available, (2) facility of construc-—
tion, {B) daba availsble end previous usage (4) accuracy, (5) ecase of men~

ipulation,

The ancmomneter 16 is the most coammonly used imstrument for




detormining the air flow aL low velecitias in heatmg tests, It has %}é
: advansage of belng o self em%amed pnit that is direct ma&inga Tt has
the disa&v‘antage of he:ing 2 ra*i:hef ﬁe—liea'{;e ins%wumenﬁ of meny mechenieal
}ga:e’as and recuives congtand *xrsea :v..bra‘tlon 1’11 urc.ar that i‘bs m&d..ﬁgs nay be
z'eliﬁé upon ¢ *themera,, & eareful %ravema of &1’16 apemng,, 'i}hmugh which
the flow is being measure&, is ﬁenuirec_ unless the %meﬁwme%ev is calibra‘%eﬂ
in plaeao If thig .’t:s done, it is neeessa‘ry to have so.ma 'f;ype m; ﬂa“'ihvai;w'

ing appafatus ab hana 80 tha'h ehscks on ﬁhe scc UEasy of "‘;he z.ﬁs%menf; ‘can

be made ‘a‘i;. Fraguent mvb_srvslm S:mce :ut wag degived tm measuzz? i;he a‘.’me
gages with the instrument selec‘ted ¥ 11‘; was quesﬁmnable whether an ingbrue
meﬁi: of this kind eouiﬁ be conéﬁﬁcteé “&fihiéh v}m—ﬂa gﬁve reliaﬁle-;eéémgs‘-
vhen ylaeea in a gas s‘i:ream where i;he range of 'i:em;}erature is a3 1&1*3@ a8
that encountered i:n & i‘urnace flue. Thers was og& v&nemame%eg ?zyazlah?w
which coum have been use& for metering the. air supplied for combushion;.
‘bm‘; a considerable emount of ‘reséarcﬁ and expeerim;enﬁzaﬁén mﬁl‘fﬁ,_haxre been
required o construet an anemometer which would be suitable fop tgs{e‘.. in the
- chimmey fluse _ | ' | |

| The pihoﬁ: tube is an ms%*umem. which ‘bos dlso béen widely used
for. i:he xﬂeasuremaﬂﬁ Gf flu.d ifjlow a% low veloemt::_ . 1ts principal advanbage
is that it has been used in a auffie;em; nuvber of investigations 80 tha'
ite charaetems%ms am per"’ormance are qu::hs well bnown 5*16”19 if it is
‘construeted accer&.iﬂg %0 spaclfmamans azad used wl'l:h cam$ *tha resulty
obtained may be relied upanb_. Disadvantages of the ins‘tmmm ave the
following; ; . ._

1. 4 %zaave,rse for .aaéh &é‘%emina"tion Is raqnireﬁ; w}:i;i;eh wnekes




wadl e _
the manipulation- slow and the method of eoﬁpu‘kati‘czx rather
involved..

2, It is nob en integral unit and reguires the use of & differ-
ential gage of very high aceursicy.

3. Then thx::f pipe iﬁ whieh the maasurements are %0 be mede’ hés . a
dismeter of wsix inches or less @ specisl pitod fube is rvequip=
ed and this tube msb bo calibrated with a standard tube
before it ean be used for me’aswem_eaﬁ parpcsesam

Standard pitot tubes were avai:ﬁéb:;,e"bﬁt‘ it would have been
necessary o coustriet a small tube for use in the pipe %ﬁrough which the
air was supplied for combustion. | 4 |

The sharp-edged orifice has been aceephed as an aecﬁr’aﬁe mathod
of determining fluid ﬂmr;qj A seareh showed that bthe orifiee has heeu-usg‘ﬁ
quite extensively for the measurement of gases 'i#hﬁ@@ the velocities were
sufficiently high so that a differential geross the orifice o_f one: i}neﬁ o
more of ’wé.‘i;er could be ,;zb'i;ained@ However,, 10 maftérial could be Pound where
gas with welociti es as low as those encountered in this work had been meas=
ured by means of the orifiee. Ho readon can be Found for net using the
orifice for measurement.of gas flow at much lower velocities #hsm bthose for
which it has been used up té- the‘ﬁresent HIme,

The use of an orifice for the flow measurement has thess advan-
© tages; ‘

1: a single calib.r_ation, is suffictent and recalibration at
frequent intervals i:é nob necessérya

2. it is easy to construel and insbtall.




3. @ %;*a{rerse,is not necessary and a single re,adiné is
sufficient faz; the ealeulation of ‘bhe‘raﬁ‘:e of flow,
utless the flow varies guite rapidly.

The disadvantages of using an orifice arve as followsy

"l. it is not an integral wnit ama reguives the use of a"*ve}:y
sensitive menomebels -

2.’ it has nob been U.S,e-é previously for the measuvemsnt of
veloelties as low as those -e‘nceurr_hézceﬂ; in this work &Ilfi
consequently 0o &a‘ha gre available on the coef¥ le_en%s over
’she range required.

It was decided ’@;haw’: the orifice was the most logical means of
conbrolling both the alr supplied for combustion and %ﬁe ﬁ.:gaft and gince it
would be used For this purpose it would be adveniageous to use It for meher-~
“ing elso. It was decided that the orifice had & sufficient numbse of edvenw
tages over the other methods of measurement so that iis -&,;ai}emrhiq-n was Justis
fied without the additional advambage of belng an excellent meaus of cons
Yrolling thé air and al’affho In order to eliminabs the most serlous dis=
advantage,; which is the last-1listed 'é;bove.,_ iil‘ WS ﬂe‘éi&a& b0 eglibrate the
orif:ices with conditions as nsarly similar ¥o the orerating conditions a—:ss. 1

eould be ohtained.. .
CATIBRATION OF ATR ORIFICE

bue to the fae‘c ’chat shern wers ncr aa:i;a on the use oﬁ c;mfwes
for measuremsnt of finids ﬂawing at veloeiklaﬁ as low as those eneountered

in domestic furnaces, an effcrt has been made o take every zsreeautwﬁ
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possible $o insure the proper ealibration of the orifice so thal measure-
ments made with it would be relisbles

In order to ealibrabte the orificés with conditions of flow as
near to the condi‘i:j.on of operation as passi‘ble. it was neecsszary ho find
some way o0 drav smwall quanbtities of air through the pipe in which the -
orifice was placed. The solubicn to bhis problem was found in 'biza- eritieal
flow of air im’:é a vacuum throvgh a small nozzle. In the A.S.H.E. Trapse
actiong for 1920 is a éaper by Vs Lo DeBaufre entitled, ﬂealiﬁra'ﬁioﬁ o:i'.
Wozzles for the Veasurement of Alr Flowing Into a Vacuum® gé To this
article Mr., DeBavfre ealibrated a series of nozzles having dismebers very-
ing Ifrom 085 inches ﬁp %o 1 inch for .méasuring the floy of aiw inkeo a
vacuum, JIa these calibrations the vacuum was malnbained at a sufficient
maguitude so thek cri#ical flow %hmugh the nozzle ook place. . Critieal
filow cecurs vhen the absoluie pressure on the outlet side of Fhe nwmzle is
5% per cent or less of the pressure on the inlet side. When this condition
has Been reached the maximum amouny of laiT.WI;iEh will voss ‘through the
nozzle will £low continuvously through it and the pressure on the oublet side
will not affect the Tlow,

The nozzles had ;beezl sarsfully calibrabed and gll the dabs on
their calibrationvere given as well as the design and exaet sizes of the
nozzles. 4 set of the nozz_les vas made up which would measure volumes over
the range for which 1t wdas necpasary ho calillsrat-e the oxificesd. Figurzla 10
shows the dasign of tha nozzles used‘,‘ the sketeh being teken ﬁrom the i;é.per

by 1. DeBaufre.

In order to use the nozzles it was necessary bto design some type
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of apparatus by means of which they could be used for the air flow measures

menbe Plgure 12 shows the: complete seteup of the apparasus devised for this
purpose/c: I% e’o?nsists of :&he' inlet gir-medering pipe; removed from the fur;-.
-nace with the orifiee in place and sef up in this apparabus, Hwo lenéths of
fohrai-néh stove pipe, the ﬁ,ﬂifi’ezﬁenti&i Iﬂ’&ﬂé_ljﬂ@:béi:,;. the vacuum .:chamb'er;, £:%
mereury vacmﬁn g8ge, and ~'1;1"z'e,: éﬁ;paﬁ cennecﬁid@ to theé vagc';mm; pUmps-e

It was mentioned in an earlier pa_’r:"b of this paper:-‘ that the: inled
air pzeﬁ:ering pipe 'sz}as made in sueh -aﬁfma@r that it could be removed for
the ealibration of %he,—-.‘arifi:cg:. ‘The'i;nzzpﬁsea of this was o permit.the;
re,movai of rl;hé entire wnilh so that fhe 'parsiti,on of the 0‘1»'-.1'&?1%;j with pe-=
lation to the pressuve taps could be easily t;;re'se’rvéd,; ca,libra'bﬁn wagvmade -
under thesg ’eondi’ti'dﬁa-g and “the. :‘pi‘pelvﬁléﬁ .reglaea&vaﬁ the furnace for usge
in measuring the sir iﬂpﬂﬁ Lo the ‘fu;czlacao\ Sinc,e- The regdueér is an i_n%é;gral
part of -f;h‘e inleﬁ ,:ai'zf pipé it was necessary o use four inch ;pip"e: for the
section LimediateTy following it, The purpose of this foﬁrvi'nch, pipe was to
. form a chamber ba;%wgeﬁ the mebering @ipé gnd the 'm}z(z,le, $o prevent the possie
bility of any bturbulence -:@ausé‘é by the nomzie i’;ébm affeeting the micromano-
meber used’ for-measv;eing the differential et the crifice. |

The vacwum chgaﬁ;s:_rf and %he.'nbzz’ies;' aye illustrated in L‘i‘iéu:ee 13,
The vacuum chamber was consbtructed of a threg-inch standard pipe nipple and
2 three~inch pipe caps. The outside of one of the pipe caps was turned on
the lathe to the size of the four-juch pive ,éo thet a good tight £1t was
obtained, 4 brass bushing was wade whieh had an inside baper the samg as
the taper on the nézzlés‘aﬂ.é tﬁe _insi’cle pol’ish—gd smoofh g0 that -é good it

with the nozzle was obbained. The Fface of ths cap which had been turned to

3
e -,
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£it bhe foui«sineh plipe was then bored %o the size of .the.v- outside diameter
of the brass bushing and a dvive fi% was obitained.  The bughing was bhen
dﬁven from_ the iﬁg%icle of thé cap so that it céme f£lush with tﬁe face. The
face of the oﬁh,er cap was drﬂlec} and bapped for B/4 inch pipe and a street .
o1l was placed in It, The chamber was then assembled and when placed o
the stand with the other '&pparatus and éanhected, to the vacuun PUHDS , Was
ready Tor uSe;s »

. i"he mereury menometer was uséed to determine the megnitude of
vacoum which was maindained in the chouber.

_ A s‘lseam‘ driven vacuum pullp was used u‘_:o maintain the véeumﬁ in the -
c’he’miber?_ Howe’ver,; for the largest nozzle used, (11/332 inch diam.) the pump
aid n'e;i; have sufficient capacity to maintain the reguired vecuum emd 1% was
necessary ri;o:‘ gonngel a small motor dAriven v_aéuum pump in pa‘i'allel with the
 steam pump o cfb‘ha:m suffieient vaémzmg . |

The nozélas -we‘zfé» nade of brasg according $o the design shawﬁ in
Figuve 10, page 46. A template was made if;‘or,“ the: éhajpe of ’tﬁe 'inla'.ﬁ end the
ndzzls if‘iﬁ“b?a fo ;bhis template so j;ha't: the proper s’h&ﬁ@ was assured, The
faceis and -bh;oaté of the nozzles were ﬁighiy“’palishﬂé Wl‘b]f\l emory cloth and
crocus cléthe 'I‘ﬁe throat diameters were then. measured with a mierome*t_;er@

The final sizes of ﬁ_;e nozzles, compared wi‘l;ﬁ\ those of DeBaufre, are given

in Table V. A curve g Figure 14, was made for interpolating the capacities

for the sizes made so as near -exact capaaity.ﬁas obtained as possible. The
capacitios given in the Table and on the eurve are values taken from

DéBaiu?re%s dataé’ which was for a baromebtric pressure of 20,22 inéhes- Hge and

70 degrees F- The volumes must be corréscted to $he conditions of temperature.
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TABLE V
WOZZLES CALIERATED BY DEBAUFRE

Values teken {rom Teble I of Do Baufrets papors

Drill sizme ) Dismetor By éapaeivi:y

_Veasuvement. Lo 1%,/ Hin

1/e L 09249 . 12,90
ofsz 0,277 o 15,90
5/16 : 0,515 : 20,60
1188 og5da L 2850 ¢
s/s oiErs " agu0 . -

Tolumes foxr dry airﬁ 4% 70 degrees T, 29.92" Hgo

NOZZLES GONSTRUCTED AT 1,8:C,
Capaeily obbalned frem -éurv’e?.. g T4

~, Prill Size ) Diameber By Gapéeity -

- Heagurement . The/Mine . -

i/z 04855 | 18430

o/32 0,280 : 16,55

5/16 0,515 20,60
 11/88 | 0.845 24480

5/a 0,580 30,00

Yelumés for dry air abt 70 degrees Fo 29.92Y Hg,
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and pressure existlng at the time the nozzles are used for ealibration of
ﬁhe orifice,

Vith the appavabtus seb up as shown in Figure 12 the ealibra“cion
of the orifice may‘be’ wade. Iachine oil is p‘laegd on the japered pér"i: of
the Tivet nozzle %o be used, to ingure a seal, and the nozzle placed in
in position in the vacuum chamber., The pipe connecting the chamber with
the metering pipe is slipped into place and carefully examined to ses thab
it is Pight. IL there is any poésibility of the joint leaking it is well
1o seal it with talloy or wax. The pumps are started and adjusted to such
speed that in ‘the vacuum obtained the absolute j@:;'eSSure iz gowevhat less
than 50 per cent of abtmospheric pressurs. When this condition is esteb-
lished critical flow through the nozzle is iaking place and. all the air
passing throush the nozzle is being drvawn in through the oﬁiﬁcea A series
of readings on the mangmeter are then taken_to determine the difforential
caused by the flow. A best is shown in Table VI and the readings required
for the calibration ave tebulated there, Waen a mumber of readings have
been taken a mnozzle of the next lavger size is placed in the az;pa:%‘étus and
the process outlined sbove is repeated. When tlig range over which the
calibration is desgired has been covered the data may be plobbted a3 shown
“in Figure 15. In this way the volume of alr can be taken directly from
the eurve when diZferential resdings taken in the furnace tests are wade,
and i% is not necessary o go through a serles of ea;aulations f.nvo_lv:ing
coefricients and density ratios, However, if bhe liguld used in the m-
ometer is not the samg for the calibration as that used in the furnece

tests then it is necessary b0 know the speecific gravity of the liquid used
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each time and the eauivalent head in Yerme of ths llguid uced vhen cale
1bration was made must be computed before the air flow is read fram the
GUTFS,
The effect of humidity in the ecalibratlon, unless excessive, is
negligible, This may '_be seen by examining ﬁm table given in DeBaufre's
paperé in thich the larpest ceprection facfl;or given is 0,984, This is

. 14
also brought cub in S, 4. NMoss's paper and in Mr. Moss's discussion of

DeBaulre’s npaper,
CONSTRUCTION AWD USE OF MICROMANCATITR .

Soume preliminary irials showed that differentizls ranging from
less +than 0,01 inch 5-3 wabter up o 0.05 inches of wabter would ba expare
lenced et the orifices where it was desired fo make messurcments of £love
An Inclined manometer graduated to G.01 of an inch of waber masz used foxr
these trigls.  With difi‘érentials as low és these the apparatus available
was not sulTiciently sensitive so that messurements of the ordern of
aceuraey d.eé:'creﬁ could be made. Ip elther an orifice or a pitok bube were
to be uged for measurvement it was necessary to have an Iinstrunent of much
preater sensitiviby than those avallsble. Somes study of msrometers of
high sensitivity was therefore necessany.

Since a differential goge vas only one of quite a2 mber of
instruments reguired fo:if thig test work, a great deal of YHiwe ecould nok
be devoted t0 this dudy. However, @ sengitlve, reliable gage was sufficient-
ly importemt so thet the vrogress of the present project had to be Inbterruph-

ef ﬁn*ti}. & guitable gage conld be constructed.

.
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In selecting a gage for this work the folleowing characterisiics

were Geemed desirsble;

1o
Ze
3o
4,

Se

Slmplicity of Construction.

Ageuracy to 0,001 ineh of water.

Ease and speed in mamipulation, -

A stendard gage which 4i@ no% require ealibrabion.,

Ruggedness of cons{:ruei:iana

In connsetion with the Turnsce tests at IYiinmois it was found desirable o

have a sensltive manomster ¢f the ’aype montioned above. A gage mm ag

8
the Tahlen Gage™ , a wicromanometer sensitive to 0,000 inch of water was

designed and construetsd for use with pi‘hot tubes and orifices vhen cole

ibrations of the amemometers were made. This gage involved the use of two

liguids. I% was

studied but its consirnetion was rather difficult and the

£age somewhst cumbersome.

i6 .
In "Meagurement of Air Flow" by B, Ower a chapter is devoted

to micromsmomelers. A number of manomehers having variocus ranges and

accuracies ave discussed and described. Two Hypes of tilting micromanomet-

ers are deseribed.

These manometers complied with three of the Pfive poinks

specified mbove, (numbsrs 2,3, and 4), but departed sufficiently from the

other two %o cause their rejection, The reason for this was that a good

deal of expensive and complicated glass work was involved and this made

them objectionable according to points 1 and 5.

One manometer deseribed by Mr., Ower seemed %o be of the $ype which

would comply with all the requiremenbts listed. I is a large range manomeber

of the U tube type with a movable limb, The principle of the mwanometer was
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adopted emd using this principle a desisgn has 'been nade vhich s.u‘j;'izs- ﬁhé
mmeeds of this test. The cqnm;i_e‘ae design is given in Figure 16 and the
completed instrument is illustrated by Figure 1’?; Hr. Ower describes
the prineiple of 'bhé ing.’cmmen't as & “‘menomster emplc;ﬁng v3‘_'L?fi':t:..al:L:’;vr g
Tlexible T 'i;ubc;« consisting of two limbs vhose_ lover ends ave conneched
by a length of rubbér tubing., Oune of the limbs ’fefaains é‘bé’sionagy mﬁlé
tho other is raised or lor.;ered by an amoz.m-i:“ cezarésponding to the appiied
pressure difference, by means of a mieromebter screw to which it is absach-
ed.* The "ghationary limb" consists of a reservoir of large ares so thab
the movemant of the other limb will not have an spprecizabls effeet on the
level of thé liquid in the reservoir. The moveble limb consists of a
piece of glass tubing inclined ab a very lslight an‘gle Tixed to 2 nut on
the micromeber screw. The glass tubing is fastensd %o the mubt in sueh s
way that its inclination can be varied to change the sensﬁ:ix_riﬁy of the-
manomeber. Robabtlon of the nut to vhich the tubing is fasitened ls pre-
vented by milling & groove in the nut which slides over the eenter support
of the mleromeber serew bracket and moves along the side of the .séaleo The
ton edge of the nut is used as the iﬁ;&icat:tng péinter for the position of
$he Yimb,

The s.elect:{.m; of a suliable :f,iquid for uge in ‘%he, manometer was
the ne:v:i; consideration. In an grticle, “Eow:*'@o Yakeo Differentidl Yewomebers®
by As To 1‘&?5.c:hr::lasl5 he states "For low differentials walter is an wusatisface
tory fluid for use since the water meniscus is lisble to be sluggish-—s=
w5il or alcm;pi are more sgbisfactory since for very small tubing the

capillary action is smell or megligible end the meniscus is distinet and
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