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Toshimi Hirata and Ginji Sveivra : Combustion Tests for
Hot-Water Boiler with Fuelwoods I
Combustion in quick heating type boiler
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Fuels Shape at the use oven-dry weig in oven dry
(kcal/kg) (%)
ANARE, #20X5.5cmT,
D 2em R0 HEOZEH
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ter
& BAE, ¥ 30X 3X 3cm
SZ . Reéctangular, parallelepi- 4063 12,3 0. 30~0, 337
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Kerosene Liquid. 10010 0.8
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Quick heating type boiler.
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Photometer for measuring smoke density.
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Changes in thermal efficiency*! with ratio of opening.
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The thermal efficiency is expressed by the values averaged for three levels of
initial fuel amount, about 2, 3, and 4kg. The same averaging method is
used in other figures on “Changes in other properties with ratio of opening”.
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Table 2. #EHHLBEHFNERD 5 ERIETERE S OBR

Dependences of thermal efficiency upon maximum temperatures
of furnace and of exhaust

" Fuels ‘ Y = a x + b r¥s
5 # % K(%) FREECO
Eona,?; z Thermal 0,043 Furnace 18.1(%) 0.731%%
efficiency temperature
ggﬂit?s 1r ” 0.033 ” 23.6(%) 0.752%%
» HESURBE(C)
szu i ¥ ” 0.038 Exhaust 21, 7(%) 0, 471%
g temperature
éugi FH ” 0. 084 p 6.0(%) 0,744
Izon:;'a 7 ” 0.090 ” —0.3(%) 0.670%
gggitz 1r ” 0.048 ” 21,5(%) 0. 782%%

*1 : HESUBE 410°C Pl EA K {, Determined in the temperature range lower than 410°C.

*2:7 BHERKTH 5, HERKN K BEORKR X £, 1B FEOHR Ak THRbEhTHE,
The r is the correlation coefficient. The values in the 1 and 5% levels of significance of the test
of hypothesis are expressed with the marks J% and ¥, respectively.
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No, AFDESICBMBINSOEEICE - T, ORI 2EBETLFREENGL, RIHEEH
REVDP D, RAOHRSBERIEMT 2 LEL D3, BEHKEEN10CERZ 2L, ¥R
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Table 3. R DPOKBERABIVECROERK

Linear regression functions between amounts of gases and
of smoke in exhaust

" Fuels Y = a x + b r
! (% -min-g%) (% -min-g 1) (% min-g
%11 fﬁls B0, el 0.299 Oy HEE 0, 0005 0. 960%*
Emitted COg Q4 consumption )
. (% min-g™) 'SED)
Sugi ¥ | Conem 0. 104 ” —0.,0011 0.671%
ug Emitted CO
- [ )
I:(,onzz:a 7 ” 0.091 ” —0, 0043 0.821%
F 5 C 7 )
ggﬁlﬂj b ” 0. 060 ” —0.0022 0. 698%
- (m—l.mj_n. g—l) 7
? , ” 0.023 ®OE K 0.0018 0.723%
et Emitted smoke
. = [ )
8}&; r ” 0. 007 ” 0,0013 0.618%

*1: 0, J§EE 0.07% -min-g™! 2l EOFEBIC BT 58K,
Determined in the O; consumption range greater than 0.07 (%-min-g-t).
*2 1 RAEE 500%<10*m™ 1 min-g~! PIFOFEIRICE T 3 BFo
Determined in the range of the emitted smoke smaller than 500 x10*m™.min.g™1,

80} .
= LY ~&---17 5 Konara
oo 70k \\ -@-2 # Sugi
£ @ —O—=#51 + Ogalite,
2% sor
=g
™ 3 a0} : '
" Fig. 20. BAORK L 2—MIbRZER
® € 30 ozt
ot Changes in emission of carbon
O < 20f ‘ ) ' monoxide with ratio of opening.
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B R ¥

Ratio of opening

B BEERIE, 3MELES, TOZ(bAt Fig. 17 & 18 IRL: BRHRE S L C"RIRERE
BOEMAIYUTNE, ZC T, MBC L I—BILRRBEBNMENREL oy FL2EC A, Fig. 21
~23 ICRTHENE SR, ey FPEREABRSE-TED, BiL, 2F5LFHI4 DT
i, AEHTENERBTCENRETH S, LI, ZOZO0BEBHCDNT, BEBBBROKSVHE
B, T2bb, EORONIVERT, BEHRBOBMICO W T—B(LRRRERSHMT 2 EHAME
HaEhs, A¥OBAIIIZ, 2Bich/z->T, BRENBEOEMICE 72 - T—RILRARRER MG
ZEAMBRENTNS, ZNoOHEAZERDFBMT LI, £ORERE Table 3 IT/RT, ML D,
0.01 £7:{2 0.05 OF R KETHBAOERSBRES I,

BRERESAESVENIT LR, FRRFETIE, EROHBREBBDPVENICETEHE S, Licht
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SBLUAH T4 POBEAIIE, Fig. 21 & 22 IRINTVELHIC, BREABEBEO/NIVEER, T71%
bh, HOROAZVHERTLSEOBUREPRET I LBH 5B, 2FFBIVAH 74 + OMRYEE
TR, AR EXSOERBORRBER SN, B0 (B BSRET . BRORKESS
W, BEMBEBBRITES, RROMBEMNEKAICIE S &, ZOMETERSNEZRILRBENSAREE
TRLTIN, —BRILRERICE S, Fig. 21 BXU 22 OBERIWBRERIENT, 7oy PEABELE -
T30}, ZOBEBRICERTIEELOND, B H, AFOBMRTERINIARBLETH -
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7o

TEAMBECIKET 2 —BILRRORELZ L DPHART S0, REEL-BIURERERLOBEL
Kt BOhcfER%E Fig. 24~26 KRT, AFBIUA T 74 + OBREETIE, Fig. 24 & 25 TR
FTX5i, FREEH 500 X 108 m1-min-g=! Pl ZEBAR S, REEOBMCE 73 - T8Ik
REREBLENT 2 @ANREING, HUOEHNAR KM OREABEEERICBNTS RfighTH
31, ZOZOOBREORER —MAKREREEICHT AERERMTOREI Table 3 ik &dh b
RT3, TMEE &, SVABERERLTO S, aF 72T, Fig. 26 KRTXHC, RER
E—MLREREBOMICHANEGSERHN INEL, TP, REROBMICONT—RILRROE
BERZESNEAZEL TV 4, TOHEBREEENLILT S, 0.18 LD IENHETH -7,
T, Fig. 5 TRUALZIIE, oMEHck-~, a3 7 0RERR/NEL, BE—ETH D, L
T, Fig. 26 T7 oy F SN A0S 2HERBICET T EEAMERLTOSDORIAROILTH L L
ENE 5,

2. EEBRDE

ERBPEERD 31207 - 1R, CORS 7 —OEBOERARBIGIVEEZELON 5, Bohi
BEHR, BLUZOMBETUEINFNRE, BREE, TBE, TRABESE%L Table 4 ITRT,
RARICBINT, BHRI, THOS0.7% HELH T4 PO 38.2% bl - T 5, #ghEIE, TIKF
EBLTEcXHC, RERPHABERSICEET AL, T, HIKOBECOEETHEEIOND R
FErili, BETHSOREEFEREL DI, HIET 2RERENBNETH S, THOBAIC,
HY a4 Tri—F—CE -T, BEEEKOBRMEEH 2 VY o —sh, BENEREMENE N
LEZONBEDD, MR, BIAXVEPRICKE S EE->TIV. AHOBAICHE, AR L, HER
BB REMEORRB UM OBEIC X » TRIL S, ERAPEERDZHDOMBETIE, DRI
SHZMALT, BE—ERREORKEERERETICLEZENELT, BEMitL, BOREH
HEZ o, X5iC, KHOOBMOILALELMRO v bo—nid, MElRRcROsLEEh s
b, WEWICIEELEMH D, LT, KFDFFITIT, Table 4 DHER, KAWTRAS B2, »

Tabled. F H & % &
Stationary thermal efficiency
" " %%g%ﬁ% T N T @miﬁgk?iﬁﬁ BEHEE Bz &
S n % I nitia .
Pre-heating | SYPPLOE B¢ | temperature | SERPNRE RS | CHEER
Fuels time of hot water ¥
(min) (min) ) (Y/min) (%)
1T i
Kerosene y 8 60. 6 51 5 50.7
Kerosene ) 14 64, 4 63 5 49,2
é;gi F 20 86. 4 51 5 49,8
Eona:; 7 20 72.4 57 5, 10 44,6
a 3
Konara 20 113.8 65 5 47,9
FHFA b
Ogalite 55 87.4 44 5 38.2

*x1: 84 F5—F#ED 15cm ODEBEDOERADORE
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B0 7 7 IBREEBROERTHLLBTETH 3,

LOXIBHEFCOPPDLT, AFLIF7ORGBERRITHOZNIKERL TS LBEBIET
B0 AHFA FPOBFRIAERLIF SISO, ThiT, AF T4 rBE U TRENIKE - T
VBT EEBKT 6D TIRUE . FOMENLF 54 F OMEICHES LTOWREOEBINETH 2, —
BT, —EREOBLHFERAT TR, BAMENBACINRILZEE, HEEEBLRL, BRRER
BETRIEREOEREBMBEAT 5, Table 4 KB T, ZHILKEOREEE, BROBABLEBE,
BLURGHRREERET, 474 r BAREBEND, BHDEVEEZEL TS, 2474 + OB
BLTRYD, BHKABOEREZHATIRIEE LD TRIEWS S, Thid, #4474 FOREED
NEDP SR CEERLTOEEELOND, TTREBLTELLIK, FH T4 FORSFRHEED/NE
Wz, BEMMROBRES/NSh o RSN b, RABONSOREHCES LIEBED KM 7 -KdH
ST, AH 74 POBIRILDKELEZEELZ NG,

BENOMERERNB JONPEKBEL SHE LT, HEMONRKENDOR RS OHREHL, URDC
LTRSBN, HTHTHD, REBKDTR, 2+ 70BIBRORE, AFBINIHENTHO D &
HI4 rOBAICR, RETTOLRVEMALETRENE BN Lsbd b, #7514 P ORSIHHE
BEAVNS V), RAMBEDEEIENENSIC LS, CORRD—DEELLNDS, Lcd-T, R
BoICid, AREBEEZEE L TREDCMBLZACHARR I F 7 PA¥2ERL, RBLERERT 284
KRAHITA PEERATLLE0 D X3 UBRHOEN LI NERTHEEZA 605,

Table 4 itH T, BWOETBEDEIE, AFTRLAEL, BT, 3+7, #4741 FOIFIK
2 T3, ~BILREDORSEBECOVWTHHENUOERERLENS, THODOHER, TTIORLELD
i, MORMHOUBBICK-TE S, AEOHERbBAHA, RYE LS, CHSOEMHET TN
FNRESEE L0, T, RESBBRETANT, ChbOESPEDREN, TNOOEMTHOZ
NICEHT 3 LB, COBEFRA 7B 2 RERBORGEMITHOZTNL D KE (LB
EbdbBLEIONS,

BEFPFREEICONTIR, A¥XBERDOMEE, AX T4 PBRDOEERLTO S, BEHERRERD

B &k U B B B &

and combustion properties

BEFARE |RESGEET | COORSRE | CO, oREmRE | mommar | g BED
Maximum Maximum Maximum Maximum Maximum M axirrﬁ.\m
furnace exhaust CO con- CO; con- smoke decrease in
temperature | temperature centration centration density O, concent-
¢C) 0 %) (%) (m-1) o ot

706 424 0,053 9.0 0.02 14,4

747 431 0.108 10.0 0.02 15,7

757 457 2,067 16,0 11,72 19,8

721 537 2,042 16,3 1,44 20.8

586 452 0,758 12,6 0, 61 15,8

472 432 0.271 9.2 0, 43 11.9

The temperature was measured within the smokestack at 15cm from the boiler top.




— 50 — KEHRBFIRHE B3225

WTit, REBBOBTaF5L4AHF4 b3, 2h®h, BREEDORERL TS, FORBICE
Shicisiikl (Ao —w, 4754 PV IEE OBBERTESREGEES 11000CTH 205, A¥F
OEEFABEOHETHTARBOI I Ltbir3, L L, FAREPHIBESETNITENZ
L, HERE, EERALEMT INFOBAREZCEIEANAELNZ, REA»SLHL 5—0
WAKETIE, AH 54 FOMBESBRLEE LNEENE S, 7k, Table 4 RLTHRNY, K4 5—
LD 215cm OB XOEREAOHKRBEY, 345 BIXUAFOBRBECENT, 350°CEBIZC L
BH -l AMZEOTREBEMEMAR ML, COXILBROHETRPTOERICL - TN
h, BETICENH D, DLEOX I ABRROMEHRSICH LTI, ELLick3AELEI TS,
BKOEIZE N T HEE LT NITIE BT,

= B

1) Table 4 ILRENTV S RERKIO BPRIE AF¥>3F7>FH54 + DFETHS, Lo L,
Fig. 4 WRENTOIREBHRETR, R¥SIH 4 F>3F 7 OB - leo RERBHILTHICHA
REENBZOOT, EEHEHBTOERCEREET 5, REREZLTENE, THEDVREVRY
REBLIAREEWD TN S,

2) BpRIL, FCABERRIETCIIBTROBEICIEINS, £C T, COME»L, HHPR
EBLIZTARE IBMOBRBOREET LD EERDI DAL B,

AFRBRAFEENKNEL, REMERRATHS®H, Fig. 6 BLU 10 KRINTVLA LRSI,
FHREEHIEENRD, chicd LT, TOREROEMMBRED, Lichi-T, BPHRIBZHBO
BEIOBRESRICTEINIFEEABRED, 1+ 7088ETR, REESS, LrbroBihew
—ETH B, chizy LT, Fig. 12 KRINTWE LS, Z20APEOBREHIREICET 3 kEK
WREWD, UledtoT, 2+ 70RGRR, FAKBOBECIEINIEEVES, B, 3750
BAkid, FAREICHAEIEENEN, Lichi-T, RO TViLERSNZ, L, B
REBSERLUBE5E, BRIKE - TARICKE SN AsiEE, BORBETT2HAMNE2, A4 7
4b®mmfu,ﬁﬁﬁﬁ@ﬁﬁﬁﬁ@éﬁbf%%mﬂ¢gw&%iBﬂéoit,%@E%§<,L
PORECENT B, Licdi-T, TORSERD, MESHELLOMU (REZH) OMHICXEEN 5,

128, Fig. 14 ORBREOE P SbP2 LI, #BRIT, —HC, BROMERE & biciEng
%0 LU, AFTR, $HABICHHAILTRER GEMT 0T, BEBSTELLAPDERNET TS
EBD B,

3) HERPIC—MICRBBRETEC LI, BESERIC, BHRLAZEOHHIKBVWTRATS B,
Fig. 21~23 HOoHEINZLHIL, —BILRRIEERRICLIRZLREL O bRET S L, XD
BESRBTTR, BMETEREIN KROBBECE S “BIUREORTICE - ToERENS, Ly
Ly, iz, —BRIRIREEORERE BCRELMECERNT 0B Hh5, Fig 24 LU 25
KRENTVR LI, ThETHo0RBEECEREET 3,

fli5, Fig. 19 CRENTVELIK, BREFBRLE “BIRRRERR, ERcEETEAEET
5, ZNHLZDOORR, ERTORIELBIL, H50REITORIEKRBLOBEECEEINS
AREEZEV 2P0 0T, COLIRERME LN L, ZO0BROE(LS, Kl FBRME
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CEET 3 LEIN D, |

O BAKKRS T —ICKRERME ERT2HEIC, s ORBORRERFILE L0 TLEBHL, L
12, RBOBBEZS L&, AFPaF IRNLOMREEORTVREER, —H, BEBEEL
ek, BBERRELIOCOER SRV L ST, MEEEO/NIWAT 74 FPERBCHBTEENIC
Ed, —DOREKNNE -V ELTELOND, T, REHMHEICZHED, Thck-T, 35
FERFEFENDT B EGRETHEA D, 35, FREMICES L-REBELEL LY, BEOR
SEEEEBEER LTI NI SN0, BOBEENNST, RABBEELTVBACE, BEE
ANl LT, MACKERELRT S ED, £ORMOBAICE, K& 7oy 70FFHBTELEHD
TRisEEh 3,

5 REBRIBORIMEOBRIAEIKET S, Lid-T, BRELNI 2100, ZILBROMHE
B, HAVIIMEE G HELTEEIC T Y AZRRTNER LN, COfkd, BEDOa v b
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Combustion Tests for Hot-Water Boiler with Fuelwoods 1
Combustion in quick heating type boiler

Toshimi Hirata® and Ginji Sveiura®

Summary

Developments of alternative energy resources have been necessitated through the oil crises.
Plantations, harvestings, and processings for fuelwood as one of them have been studied for
years. Household appliances appropriate to combustion of fuelweed, however, have not been
developed yet, as compared with those for oil. Therefore, several combustion properties for
some fuelwoods were obtained in order to aid the development and improvement of household
appliances for the combustion and to present more efficient usage of fuelwoods,

The fuels used for this study are woods of Sugi (Chriptomeria japonica D. Dox) and of
Konara (Quercus serrata Tuuns.), Ogalite of wood briquette produced in Japan, and kerosene.
The lower calorific values, the specific gravity, and the moisture contents of the fuels are listed
in Table 1. A quick heating type boiler shown in Fig. 1 was used as a household appliance
for the combustion of the fuels. Different amounts of fuel, except for kerosene, were burnt.
Air was supplied into the furnace at several levels according to the opening ratio of the ash
door. The amount of smoke, carbon monoxide, carbon dioxide, consumed oxygen, furnace and
exhaust temperatures, amounts and temperatures of supplied water and obtained hot water
were measured in the combustions. Thermal efficiency and heat obtained in the hot water
were calculated from these mesurements. The effects of combustion factors on the thermal
efficiency and the obtained heat were discussed in conjunction with the temperature of furnace
and exhaust, and smoke emission. Furthermore, the development of carbon monoxide and of
smoke which might cause air pollution were considered in relation to the carbon dioxide
emission and the oxygen consumption.

In conclusion, the fuelwoods gave the smaller thermal efficiencies and the larger smoke
emissions than kerosene, as shown in Table 4. However, the fuelwoods would give larger
thermal efficiencies than kerosene if the smoke emissions of the fuelwoods decreased and ap-
proached the level of the kerosene. Concerning the thermal efficiency for the fuelwoods, Sugi
and Ogalite yielded the largest and smallest values, respectively. The obtained heat of Konara
is the smallest and that of Sugi is the greatest, as shown in Fig. 4. It was found from the
consideration on Figs. 5 and 11~13 that the thermal efficiencies of Sugi and Ogalite were de-
termined mainly by the smoke emissions and partially by the flaming combustion, and that of
Konara was strongly affected by the flaming combustion. The more the flaming combustion
grew, the greater the thermal efficiency. However, excessive increase of the flaming combus-
tion lowered the thermal efficiency because of the loss of heat by the exhaust. In general,
the obtained heat increased with the increase in the amounts of the fuel, as shown in Fig.
14. For Sugi the largest amount of the fuel caused a decrease in the obtained heat due to the

large production of smoke.
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A close relation between the emission of carbon dioxide and the oxygen consumption was
found, as shown in Fig. 19 and Table 3, This suggests that oxygen consumed by the flaming
combustion was converted to oxygen in the carbon dioxide. The emission of carbon monoxide
was found to increase with the elevation in oxygen consumption, as shown in Figs, 21~23,
and with the increase in the smoke emission, as shown in Figs, 24 and 25, and Table 3. This
means the emission of smoke and carbon monoxide can be attributed to the incomplete com-
bustion of the fuels. Since the carbon dioxide emission and the oxygen consumption are closely
related to the emission of smoke and of carbon monoxide, either of the two quantities can be
used as an indicator of the combustion efficiency. A control system of the combustion of
fuelwood may be developed on the desired basis of using either of them. This system will
give the elevation in the thermal efficiency and will lower air pollution by the combustion of
wood. Furthermore, it is desirable to develop a heat exchanger more suitable to the flaming
combustion of various fuelwoods. For practical use, a combination and choice of fuelwood
with different combustion properties are important in order to lower the smoke emission, to

obtain hot water more quickly, to continue supplying hot water, etc,




