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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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