R Pt Bull. For. & For. Prod. Res, Inst. No. 322, 1983 55~71

REMEHC X 2BKFE 4 7 —DBBEAR (B2#1)

FHEYMEAL S - T XBRBEAR

¥ B Ofl XY B & B

Toshimi Hirara and Ginji Suciura : Combustion Tests for
Hot-Water Boiler with Fuelwoods II
Combustion in hot water storage type boiler
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1. # # .

R TRV ONIAFBRU I+ 50, LOVKREHEDA N4 tolEdic, THATY LEZDHE
AV SN, Fi, HEORY, FIMERALL, TEsfibhl. RRETHLIEbhiT A=Y
Hi, FACHEINTOIAAES > TfE- 70y 7T, BIEAISKT, BRLEVLISIRESL
T ZDTATYDT 0y 7%, ZOBABEKIORELBENELT, v—2 ) —Fr Yy (BERIR
) THE L LOMNEETH 5, MEEEIR 200~250°C, MMM LTS 5%, EHFbSicHk
HINTREINTOR, THY LE8FH2, ERANCALAHTTEMICERL, ARKEVVEER
TEBRL/I,

ERE N ORIR, FHAE, AKRLEIUVHENL%E Table 1 K LB T3,

2. BARKAF—

FEbh i OREFBRRAFA 7 — LIFIN S bOTY, £ 187 cm, HAEK 153/ TH2, TOIE

Hd LURMERKE Fig. 1 IKRT, KERDZEOTRICEFSERL T2, FHRORE,ORE L

Table 1. & H # ¥

Used fuels
& RS KR
# ol & BB 0o ¥ % BERREY Moisture EHLE
Low calorific |content based] Specific

Fuels shape at the use value on oven-dry | gravity in
(kcal/kg) weight (%) oven dry

AFHZ74 b JAEEE, # 20X 5, Sem THULWCE

Ogalite #H 2cm OMEOERET 50

Octagonal column. ca. 20X5. 5 4216 6.3 1. 1~1,39

cm with empty hole 2cm in
the diameter at the center

z ¥ BH&, #30xX3X3cm

Sugi Rectangular parallelepiped, ca. 4063 12,3 0, 30~0. 335
30X 3X3cm

a+ 3 }’Lj(it_ igljﬁ’c 30X3cm B

Konora IS4 3674 13,2 0. 628

Logs or spllt ones, ca. 30X3cm

Th=ZY REFTa vy, 8XIX2em B 4092 11,6

Akamatsu g?cﬁ)s@ f;%”;& %2 em 4034 13,0 0. 37~0, 448
3422 30, 2

B (THh=Y) | Bt 4160 10,0

Half-carbonized | The same as the above 1096 115

wood .

(Akamatsu) 3609 24, 4

AT #h 273

Kerosene Liguid 10010 0.8

*] BHBECOOLTRIXBMESBE I, The calculation method was given in previous paper?.

* MFREAEETRREBTRNEEE B LUKRERRBAMRIAABIC L > THRI O, HLIRXM4ES
BIhtn,
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Hot water storage type boiler

@ HEHRS Smokstack base, @ Ak Body, @ HEHESt Thermometer, @ ER7
7 Display lamps, ® ¥# XA v F Switch, ® ®H 7+ — Alarm buzzer, @ &R
O Cleaning door, #M Firedoor, ® KM Ashdoor, @ 37 Furnace, @ %
&AL Supply inlet of air into furnace, @ #B[1 Hot water outlet, @ ¥KP5
1-FE#S Boil up prevention valve, @ BE 75 /" Plug to electrical outlet, ®
$4/K0 Supply inlet of water,

BEOBRE L RLEHEE TR 2EBLT, FROKCHEEL 3,

Filoz bvER LN, 8%, ARCHETERR, KEOOETOMAZERICELRNS » TV
2 2EOMAOLOAD, FONBELFA 7 —AFECEINHOEMERT, FOoLBrOHBIA
3, COEKOBADNRZERBENTEY, BRE, BEEHFAN 1cm, KEFAH2cmOEFETEH 5,
BENFOLEH L, ARREBRINIBEDD, FRIKE AT hHL, EHP O THNEBRET
3, MIBEEKIIFARD SEDIAMICL > TELMBAINTHL OFICAL, ZRIL, T, KHO»SH
BATEZ, KBORWT7.0X15.5cm OEHFET, RIKFECEEH T2, AWETE, EXMHBELE
A B, B TEHELCKBOOHMOREZER TREHEERTT - 7.

%, MTHEREEd 3 %icid, Fig. 1 IWRLTWARBROKY v 24 Fri—F—45ME L,

3. WEFREB LUCRNERB

ARY TR RIR - FREEL KPR TORD o, BURHDRLRD 2 HOBMETIE, %
9, PRICBEAEK 6 kg 55, O LIC, (THICBELINIOEEDR, chic<y FTHEK LT,
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<, #PROBEHicIz oBbEDN, KEOOKORI, R, —FiFinl, S8KES, B
MO0, 1/4 BLU 1D 3KETHREEI NI, FIEORERMNER, 30 REAKBIFREEICEEE,
FROBEZHERKBELEICE LT, BERNETE L, REOTNE L ZOBRER L OZ45MEHE
BRI L

ik, EEHBHEERDLIHOMETIR, RUDICRELZA6 kg 4481, BICGHEICHRT, EH,
PRI L7z, JHOOMORE, ABIKITE CEES i, TORICH, BERTICADETE
Z oNtz, BEBHEBHICTERICEEL T 2B ORI, BIORIMEHMES L LTT-> L THER
POREEINS, B, THIEFHRGRLERD 2 DOREERICEICELN T,

B LA EICED, BREHOFRRESIURS 5— L0 15em & 215cm Wi 7o fER
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e FRIC Uttt » T, FER, “BIKEE—BIRIORLER, BIXUBRENBEL KD,

Bk LUK (AI8) OREELE, MENRED S, FHOFEKC Lst->T, REBHE, s
R, EEHSBLEMR LI,

HRbIUEE

1. RIRBEORERE

a) B0k 3inRgER, NEMRELIUREROEL

Fig. 2 54U 3 KR EOOBORIC & 2 #3RE LURERBOEWERT, ARRILCENTS, Al
Y L ERIC, ©hoORICER ShTO 3 REOOHORMAS L L BIEONT, —RICERORBE
PHBIEICHINT 2 L 372 LT, EREEDZ, B, KEA( 57—, FTTIKB~LSK, KHODOE
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Fig. 2 75, AFKBET2HGBMEORKITITLALEKELZOOIMLT, aF+7L4H74 +D#
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Changes in thermal efficiency® with ratio of opening.

*l FORHEIUCTHIRETTRD OO 2BEOREMTH 2, ARLIED B
ORiCk ZZEBERHEOLEN] ORICB VT SFRBEOFEENFELLTIN S,
The thermal efficiency is expressed by the means between the values
obtained under pre-heated and cold states of the furnace before the
runs, The same method is used in other figures on “Changes in other
properties with ratio of opening”.
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WTiR, ZAF¥FVURLREREEEL TN, 3+ 70BPERI AF T/ O ZhiE LE- T 5 HEDS
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LidMic, AF T4 FOZNETESUEMESS 5> TW 3, HHY KENTD, HESICREH
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335 OHBENBOR /4 THICBAEETEENMERLTHZ0IEH LT, 474 FOEHDR
iy COBLTEIERL T B, D& BHHKOL(E, EIC-SORFICE > THNTE B, —
DRMABIET, HO—DRHKHE (FE) KX A OROLEORETSH 5, %£7, BEPRICH
THEREED S0, BORICK 3 REROE(LERDIEC S, Fig. 4 ICRTHRENE NI, 3 F
5 EAXORBRID, BEATEMLETVDIHLT, 2754  ORERI, BOKOH»S 1/41C
PUTEBITEML, BORRISIKINEBMTEE, LWL LTS, A 474 O OE/LR,
Fig. 2 BXU 3 LB 2 AR L WHBHRBOEICH LT, BIBEXETH S, LT, #5754
FOBEBED, BECIIMBOR, TbE, BEDHRICAEZMEELTHECEb0E, ik,
INBEEA 5 —OHEBRY KBWT, 2 F50RERSEAREOKRLEL LTV B, XFORMEMIZH
ORIk > TRESEMLTBY, AFEOREERN 2,
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b) ABRCEIBTIREEL LCFEIEROEE

HADK~DBROERIT, HERNNKBHBTE L0, 50, GROBERISSZBICEVRATNS
CEITE > THERNILENS, TCT, ABENILACRERICHEEINTNVARAY L aFFiCo0
T, BAHRAGEESEES 2VRIESFRREEZ my b LIcE T A, Fig. 5 BXU 6 KRTHERS
Bottc, AFOHHICR, ARIKEVT, Fry AOBERET, SEEROHERICEST SHAETR
LT3, B THOMCLIcX S, REO/NSOVAME ERIBEESRE L, Lith-T, %
MBELSRAWCIL S EEZ 55, Table 1 ILRLHEDMED» S, AFDOIMPHEE L RAMPEOEE D
BbREh L EHEEEIND, CORY, BREFAOERRENE, BRRBSHBHITITINILHE
EINB, COLIBT LD, Fig. 5 L 6 KBWT, 2FD7 oy PEARRLELERTS S LBbN
3, 35 FIOVWTRESHKRES KUREFNEED EFIC >0 THARSEINT 2 T2 5 8D
N3,

AERY T, FRRES JUHKEED LRICONTABESLAMICRE (R &8RRI N, £
£, Fig. 5 & 6 K15 ARABID DT D 5 FANSO DT, HEERIE T, MYE & REHSER
E, 350VEEEFAREIC SV TERBBINET > /2o TOMHRIR Table 2 ITRENTV B, &,
BohE®%E Fig. 5 LU 6 KELTVS, Table 2 IGEL TV 3 AROHEL D, HBHEOHKE
BEICH T 4RFESS, FREREICHT 2KFHIDRENT LD,

Fig. 7 WHORK X2 BEFANBEOEERT, CORKENT, AFOREFNEER Fig. 21
B 2RPELFEUOENERL TN S, Chid, FRAREOESBRIRICFKM LTS EHEIN G,
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The temperature is measured within the
smokestack at 15cm from the boiler top.
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Table 2. BHELBEEHFHNERD 5V RERHIEE S OBK

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

Y = a x + b r¥
B 4 % 0. 021 F N R ECO 23. 6(%) 0, 530

Thermal efliciency Furnace temperature

R % R(E) 0,036 # =& gECo) 27, 4(%) 0. 644*

Thermal efficiency Exhaust temperature

*1 7 BHEBRHTE 2, Uk, —RICHRKE(.05 BLT 0.0l TEEOWKIIL, Zheh, » BXTF»E20T
£, BSELFARENO r AR KE0. 1 TERTH S,
The r is the correlation coefficient. Both the rs between thermal efficiency and maximum furance
temperature, and between thermal efficiency and maximum exhaust temperature are significant with
the levels of 0.1 and 0.05, respectively.
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RHROBELBROAE Do LEESH Changes in maximum furnace temperature with
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3, BMREEDILOBT B DY R
B, BYpRERBDIRIREO 4 FRAOMEE LB - foicd, BHUE 1 ORoRMSEN, ThiORE
BOLVHORODL xDRHBLIORES LS LHEESI NS,

Ptz ido, BRPELICNEBHERD, RERLOSRAOBICL - TRLTSBREHR, X
UREMBREICE REIN A BERICE - T, TRBFEINZC Ebbh b,

15, Y K0T, FARERBOROMAICSNTES Uiz, UL, KHEO Fig. 7 10,
ZOEIRHPRETDOHHHBRBRLE SN, THRFOBEORRIZ LB LEZ NS, FIMOME
B4 7—DF TR, BEEIRTNTREOLSFOTHMEESN, RERBEO TN L LN LE
., CORY, BREE B FOFPAVEBRBERICAHEINC LIk, 2Rt LT, ABF
ROKA 7 —Ti, TTIRBcESiT, BRERFO LML STHAELDOT, KEOPSA-TL 5%
K, KROFHOMEE- T, BEhoFPRicET 2, T, BT, FOAETE» bhi-BEH
BILHDO LT OB INTNE, 201D, HIBRELKOBHHREIVNXL, Fig. 7 KBhkdh 7L
Bbhs,

c) FzxHK
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AL, Fig. 4 WRUAREROEMICUTO S, TbH, REROBA LERIC, 454 Bl
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ORQZRS &, LUHETTREN—BILRRREBERL TV, ZRICHLT, 045 &2FCD0
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¥, Fig. 9 EREEG—BIRRABERBO vy MR-, BBECEERN - iERBRIN T
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BO 7oy ARBEREROHEBICEI LTS, Foy PARSENE, L0W®E (Fhicmi
T, HB3VRRI ) HABEAHSZILE LA, 4574 T2 TR, —BIURRRBER L RE
BOEME bitkE!, COZOOBOMIC AN BEENEEL TN EENEE,

FRME I NI (L y F57Y) OREREEREY PAHEOH 1HWY T, REEE LR
RREBMIILAIBERICH S C EBRMINT NS, AFETE, Fig. 9 KRLTHWE &S, ¥
TLD7ay tEANBPHOODT, BREOBNEXIIEY, 24KE LT, ZOZ0RICET 2ERERIMT
ZiTotce #3R% Table 3 WRY, BohcERIE Fig. 9 IWRIN TS, ARMETESNIERKRD
HECE, WY BT IAEOMELD/AEN, T, HEEES RARBCRLTVEXSICKREL, §F
K#£0.001 TEHETH %,

—RRILRRR, RROBECENT BRIURENARRETELINSIC LiLk - THRET 3, |l
#BY OMBERAFA 7 —-KBVTR, 2F5E4H74 POREDP S, COTRIKROBITICL 52—
BIRESDIED B RBE L LEESNI, L, AFEOBAIE, ChiRiD, —BRIKRR
Fic, RELEERELLBE, 320, BRTF20L00FECk > TER L LHfEEEIN S, &7
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74 P OREEIT, TP THRALE DK, MOBRBHICHEAPRZD/NSNEBRDNRS, Licti-T,
o, BOBERDNC O/NSORLEE TR L TRMRMET S LIKIES, BORBRENE T, EXK
OWBEHIEAT 5L, RABEEAT S ROBERPOEE LR EBE00, ASBERDL IR
1t BBET B LR LICERFIE > TIHKHABEA 2 LEZ 0N 5, BAMERYRIRRNBETD
> THBIORIBHESE, T, ¥R, R TAUBICRECERD TH 5 —RIEREOBNE NS
EESTEN, TbB, BARERDORNCRIGIKE L ool ne &, FEEE—BLKE
REBEETERHO—DEERL OGNS,

i, BMRFORETE, [MELS] — Bl - TBIRICK 2510 2L DFEHIRE LR OE
BCONTRETZLELOLNTNEY, AHOHRSHERDICE, PRUZOBRIRMFEESINTND

Table 3. BROMEE BIRRORE, b LUREL—BILKRO
AT B ERERIMT

Linear regression functions between oxygen consumption and
emission of carbon dioxide, and between emission of smoke
and carbon monoxide

Y = a x + b v

CO; R4 B (% min-gY) O3 (B & (% -min-g™) min. g~
An:ount of emitted COq 0.153 O: consumption 0.015(%-min-g™) 0. 673%*

CO #4: & (% -min-g1) Z4fE & (m™1-min-g ) in.g—
Amount of emitted CO 0.00501 | A mount of smoke 0.00216(%-min-g™1) 0. 815%%
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- Changes in emission of carbon

dioxide with ratio of opening.
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FHRMALT, LROEHNEERT 2 HELERDTHELLE->TL. ZORFEOYHREMBID,
BELLITZOSLEOAMDT H =Y, 155 OB E DIHOBRBIGEERD 12, £ ORKER
i Table 4 iLE &HHNT 3,

HERTH, EREAGORE - 3EDBEH LT H=Y ORBSHEL BB LTS, 83ERICDONT
i, BFET AV OMICKENEEMEELEZNE IKBbRE, UL, REARICOWVTE, EH
BTH=VED, BOREOEERLTVEEESTEN, REESLC—BILRERERBICOVTAE,
BMEDHDHBAE, Thid, EHFLBICK - T, AHPOREETRSPERELESHRES LD,
REAUIIw, EBHEOMIPBEEEI/NE LY, LichioT, BEMBOEANT -tz stk
THEULREEIONS, CHICHER LT &%, TTRAF 74 FOBBEC O THRI U1 THEE A
ZHBLTH B L, BROCENUNBS, THOMGREPEREVAMDENERBIC LA >THN 2, &
fo, REVERINT, ~MIEREREROAMOENIODE, THOZBILRERER-IBRHE
BEXREVC L0, BESIEMREDL L LHEESNS. T, BEFRARESBENICOLPHOT,
BEHIBESSO» 5, BRABISEEFAKBUTWEEZONS, THOBHENKEVP S,
RSHBSAMOENLIDRENDRIYRTH B, LL, AHOBBRICONTIE, RELIPZ, FE
MBECBAL T AL EICE ST, THhOEEHEK LT, METE2REDBE->T S,

BELTHTYDRTOEAKE LRI, 1<2<3 DIECBENOR pLHLT, TOREHRE I,
3<1<2 DT DI KE L 2TV B, BEHEICDONTS, 2ORTHEIAELHEERLTVE, &
BHREBEDL D, D207 OREMREISMIO T LVBAKE e LWbh b, —BIC, BRI
Bk, KOBBBHEBENLEIELIBL0T, BREBMIONELELLNS. L L, KFAOKER
12, BKBOEBLTHTIIHEH, 7 1L 20T, LO—BRIECFELTNS, chiced 2H#HE
WEZ RO, ZOFRRE LTROZESHBEZ bhb. £F, AKkEOEWISHWL Lhd, TOZTH
OEFEOMBEOMED, SHKDOELDR, WETERVHORTF, EBRBEICE->THEZ o RER
2R3 E8TE S,

RiT, KOS I hEL SND, RAMEORBIZOH S HOT ) =5 YAV THLENT
VEABBRBTH L ERE{AMONTNE, ZhoD 5 VHridRM BRORIMRERMD GHEREN
BrEZONE, LU, BHAAENLTHOF» ORR U TRABICA - TL 2KkbZ OHMEFICIL S
RS B, LT, AMBOKSIERBRERD <4 FREREGTEL, FVAVEHBLT
REEEEILE S 7 AEEET 2 TRENS 5, 3D, T IAABRHPREETHIE, AHOF Y
HNVEMREREL, BEMICHREEESREN 2 T#EL S 2, cOLdiL, KRED7 V-7 I
WALETRER—DORAE LT EF 32 &8T5, B8, —HIZ, ZhobDs Vhnid, RENICEE
ERPCIE > THBR L TREAEEERZ0T, BETIREOBNEEERLIECTH LN,

BHRO—DRAEN ARETH 5. KEGBBRTT, REPBRIRIELESLT, K%K ZEILR
F, —MARREERTEREN RAFGTE U2 v 2 0 C—E{id, BRIE, ThdDERYIALE
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LTOKEZRIERBCEDONE, P2 v ORBEREMRT 2 L3720, UL, KEY2REERS
BEC L > TREAMORE LD, BIBOBHIONED 5112 WHetknd 5,

LBUIT P HNBBNRAKEFTZONThOBBIR X - Th, KOERICL - TRERMSERNT S &
RELSNIE, ERIIC, —EMZ E - e 8ANR I8 EFTRACRET 5 L& CmdhTY
bo THEQIBEN, 2OTOFTIORELAREL, 10T OMELBESHEZE LR 2 HEEE
FLOLHRERNS S, ChMBERIELE, RREBREOI 1 FXDOHRERREELNDIT I XD
RCX->TREINIBEASKENEET 5T LT 5, YR, COBBRGRBEFOBEL LK -
TRILZ. FOSHKIORECE XX TRBRSBOWERE DL AMRE,

Table 4. ﬁ %: s i =z Vy
Combustion properties of half-carbonized
& K B BEFARE | BabRREY
# 3 Moisture Niaxlmum Ma}ilmum
urnace exhaust
Fuels content temperature temperature
(¢9) 0 &%)
i _
Kerosene 737 513
L # 1
1#3 Half-carbonized Akamatsu 1 10.0 954 - 372
Tamdin v 7! 1.6 884 344
et # o2 ’
24 Half-carbonized Akamatsu 2 L5 936 410
Aeamiisa 5~ 2 13.0 979 419
® # 3
33 Half-carbonized Akamatsu 3 24. 4 788 238
Akam?tsu 5 7 8 30. 2 778 238

*1 Fig. 5 28K, Refer to Fig. 5. *»2 £~7 C&GC%Q T RRHEFicdh 72, Three couples were kept

Table5, & &% #® % =
Stationary thermal efficiency
n - ﬁgg% B @Mi&tﬂ(iﬁﬁ wEEE # OB X
3 d : Initia
Freoheating | SPPAPE U5 | temperature | SyPpling e | Therma
Fuels time 1 of hot water ¥y
(min) (min) C) (liter/min) (%)
Kerosene % 11 93, 4 43 10 69,1
Kerosene ) 16, 4 118, 3 - 57 10 72,1
Szugi F 40 84,9 70 5 or 10 61.6
Eonaz; 7 40 104, 2 60 5or 10 61.8
ggf{itz 4k 40 110,0 59 5 or 10 50,7

*1 HA5—E#kb15cm LU 215cm OB oﬁiﬁ@ﬁ%ﬁ@?ﬁﬁ%, ENENEBBIUTE (PoZR)

ICRT e
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AIRICE D 2 S Mkic, Table 4 KB TH, BERRZTAESNIEZE, —BIRERERNSE
D, &7, BEHBRENFTAEBORY, “BIAREZBERNELNRE VS Zo0ERERMTC &

NTED,
3.

ERBGER, BIUINERDZ DT I BT 2RBO%NE, FRIESOEREE, M
SN HRAEFEOREORES 5V IIRIEMEE Table 5 ICRT, 5, RAECE, THIZOVWTITED
F—EBRENTVE, FBROF—2id, BENBNEEOEKE, TROF—2iE, ThiDBWEE
DERKE, TNENIETZ DT - L 5B N,

o o # o % K
akamatsu, Akamatsu, and Kerosene
?@E{ilof” C(k%ﬂzéxflo’ C%%EEXF)* O; HEE X10? ﬁAig?%SEting REHRE
mount o mount o mount of solute .
emitted emitted emitted O’tfgﬁiﬁrg,p' thermal Obﬁ:;rtxed
smoke X 108 COzx 102 COx10¢ efficiency
(mt-min-g™) | (%-min-g™) | (%-min-g1) | (%-min-g™») (%) (cal-g™)
0 5.5 4,2 21.9 70.6 7081
143 2,8 10,5 10,2 33,7 1480
101 2.4 8,5 8,8 31.6 1347
621 2,9 56,5 9.9 36. 4 1540
189 2.8 32,9 9.4 36.3 1499
54 2,9 21,8 9.1 30,7 1160
51 2,6 20,8 8.7 32,7 1165
under three different conditions of atmosphere, respectively.
¥ kX U B B OB K
and combustion properties
BEFANRE | REHREE" | 00 OREBE (CO oRSRE| EoRmar | 2BES
Maximum Maximum Maximum Maximum Maximum Maxi rrﬁ1 pooy
furnace exhaust CO concen- | COp concen- smoke decrease in O
temperature | temperature tration tration density concentra tionz
4] 9] (%) (%) (m1)
506
737 (355) 0,025 10,0 0,012 17, 4
513
737 (360) 0,033 10,1 0.042 17.5
541
1220 (355) 6, 967 16,7 12, 48 18,9
527
861 (349) 2.583 16.9 6. 37 20,0
459
1106 (325) 5, 542 16,8 13. 42 18,8

The temperatures measured within the smokestack at 15 and 215cm from the boiler top are shown in
upper and lower (in brackets) lines, respectively.
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Combustion Test for Hot-Water Boiles with Fuelwoods II.
Combustion in hot-water storage type boiler

Toshimi Hirata® and Ginji Sveiura®

Summary

Thermal efficiency and combustion properties for several fuels were obtained in order to
give basic data for improvements and developments of wood-based fuels and household ap-
pliances for their combustion.

The fuels used in this study are the woods of Sugi (Chriptomeria japonica D. Don) and of
Konara (Quercus serrata Tuuns.), Ogalite of wood briquette, kerosene, all of which were also
used in the previous study, wood of Akamatsu (Pinus densifiora Sies. et Zuce,), and half-car-
bonized wood of Akamatsu. A hot-water storage type boiler instead of a quick heating type
boiler in the previous study was used as a combustion appliance. Emissions of smoke, carbon
dioxide, and carbon monoxide, comsumption of oxygen, temperatures of exhaust within the
furnace, and amounts and temperatures of supplied water and of hot water were measured
by changing the amount of air supplied to the furnace during the combustion of these fuels,
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The thermal efficiencies and the obtained heat were calculated from these measurements, ef-
fects of some combustion factors on these thermal values were discussed, and the results were
compared with those in the previous paper. Furthermore, relationships among the emissions
and the consumption of the gases and the smoke. were found and discussed

Consequently, it was found that among the fuelwoods Sugi and Konara gave approximately
equal values to the thermal efficiency, and Ogalite gave the smallest value, as shown in Table
5. However, the obtained heat from Sugi is the greatest, and that from Ogalite is greater
than from Konara, as shown in Fig. 3. The thermal efficiency of Ogalite is considered to
have been determined mostly by the smoke emission, while those of Sugi and konara seem
to have been strongly affected by the flaming combustion. To the pre-heating for obtained
hot water, Sugi gave the shortest time of the three woods, and Konara gave a shorter time
than Ogalite. The hot-water storage type boiler is superior to the previously studied quick
heating type boiler in the thermal efficiency and the obtained heat, but this boiler is inferior
to the quick heating type boiler in regards to pre-heating time to obtain hot water. Oxygen
in the supplied air is estimated for the most part to be consumed by the production of carbon
dioxide, as shown in Fig. 12, but part of it is considered to be consumed by the production
of carbon monoxide and the oxidation of smoke particles. The emission of carbon monoxide
is increased with the smoke emission, as shown in Fig. 9. The half-carbonized wood of Aka-
matsu gave a larger obtained heat than Akamatsu which was not half-carbonized. The emis-
sions of the smoke and carbon monoxide from the half-carbonized wood, however, are greater
than those from the normal wood. This is probably due to the structure thermally sfabilized
by the pyrolysis and the carbonization in the heating, as shown in Table 4.

In conculusion, it should be emphasized that for the future combustion appliances for fuel-
woods and wood-based fuels must be developed to match the variety of their combustion pro-
perties found in this study. Furthermore, processes of simple pre-treatments, such as the
half-carbonization as shown in the present study should be developed in order to produce
wood-based fuel with high heating value and low moisture content.



