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$ VvVWXG\ R VHOHFWHG DVSHFWV RI WKH RSHUDWLR
LQFRUSRUDWHG LQ D ELRPDVYV ILUHG VWRYH

L.UJ\W]WRI 6RUQHN

$*+ 8QLYHUVLW\ )DFXOW\ RI (QHUJ\ DQG )XHOV OLFNLHZLF]D $Y .UDNRZ 3RODQG

$EVWUDBW GHPDQGYV LQ WKH ILHOG RI HQHUJ\ HIILFLHQF\ DQG FOHDQ FRPEXVW
GHYHORSPHQWY LQ WKH ILHOG RI VWRYHV ILUHSODFHVY DQG VWRYH ILUHSODF
WKHUPRHOHFWULF PRGXOHV ZKLFK UHFHLYH D KHDW IURP IOXH JDV DQG FRQY
ZD\ PD\ EH XVHG WR SRZHU FRPEXVWLRQ RSWLPLJHUV DQG RWKHU FRPSRQHQYV
RXW WR GHWHUPLQH WKH SRVVLELOLW\ RI FRPELQHG KHDW DQG SRZHU JHQHL
7TKHUPRHOHFWULF JHQHUDWRU ZLWK PD[LPXP KRW VLGH WHPSHUDWXUH DW D
HI[FKDQJHU &RROLQJ GRZQ zZDV UHDOL]HG XVLQJ WKH GHGLFDWHG ZDWHU HI[F
DQ DLU IDQ 7KH H[SHULPHQWDO UHVXOWY DOORZHG WR GHILQH WKH HIIHFW
YROWDJH ORUHRYHU GHSHQGHQFH RI WKH FXUUHQW YROWDJH FKDUDFWHULYV
REWDLQHG

T (QWURGXFWLRQ SHUIRUPDQFH DQ HQYLURQPHQWDO F
VWRYH HTXLSSHG ZLWK 7(*V ZHUH FRC
TKHUPRHOHFWULF JHQHUDWRUV HREWDLULEHEKD POHLP XY XEMNMWHHF® R | U

RI PDQ\ ZRUOGZLGH FRQGXFWHG WWPRQLHYV ZDW H HHOKWG VW RWHRZHU WKH
WR UHFRYHU HQHUJ\ IURP WKH OREQHDGH ZP¥XWHNVKRRW QP REEXFH LQG
WKH DGYDQWDJHV RI 7(*V LW FDQ BRHH HROWUHRLREBRLNVW LPSRHFAWDQW DV S
WUDQVIHU KHDW WR HOHFWULFD@\WWHBY\ LOLHOHRPMUILRWV\VGEHERYG

RSHUDWLRQ DQG QRW PHFKDQLFDRKLWLEUDMOLHRQZDVL WIREXUGHQWG LQ V
HVFLHQFLHV DW D OHYHO RI Z K AMKHH WKSHHD PR QJGH MHEMW RG WKH 7(* ZDV
IURP WKH 7(* PD\ JR EDFN WR URRRHKDBWWL@N> QRRUPDOO\ XVHG LQ &38 F

JURP D QXPEHU RI FDUULHG RXWX5QUHM® LIDWKR @WKLWKEHDW VLQN

DUH VHYHUDO VWXGLHV ZKHUH FWRNXPRE OHFWLR F JH QHIUBDOMRIOWW U L F L
RSHUDWHG ZLWK GLIITHUHQW NLQGHQRIUYWRYHINR URDRH RUKWKIHPZ SRZH I
WKH SURWRW\SLFDO WKHUPRHOHRVQWMWHDHEQ HW DR G K H TWKLHS SBIG | U R
ZLWK WZR +L = 7( PRGXOHV FRROHBFRE\ DQ ZLWKDYROQY® JHWIRWG H[FHHGH
WR D ZRRG VWRYH 7KLV XQLW ZDVWRYWBO OHRPLYHGR DML QDYYRQ WD J!
KRXVH DQG SURGXFHG XS WR : DLQQ D/GIGH. W RRGDPREMW @HW )\ ZDV HOLPL
DQG : GXULQJ WKH GD\ ZKHQ KR XAKHH EHH[BPPRIH HDRJIPXYVWDJIH IRUFHG ZDW
7KH JHQHUDWHG SRZHU ZDV VXIILALQGMMWHDY® R $HAUKDHN B LW K FHRARRCR@LIQ Y \V W |
DLU IDQ DQG FKDUJH IRXU 9 EDWWHUEBVH WRKOQHEGEMWHEGULF KHDWH L
LQ VHULHVY SDUDOOHO WR PDLQWDDRQG@ KH BWRIXGISKWP R/X@HVE&7KH PD[LP X
FRQYHUWHU > @ $QRWKHU VWXGL® WY RGHNRIWHZD W RE WRDQ WY HGXRMXW KH C
HOHFWULF SRZHU JHQHUDWLRQ XVQRW BBV WWHK B WD WRIQW PQX R \Z RRR3H UDW
VWRYHV ZHUH SUHVHQWHG LQ > @ GH FRRDVHGY WHKUIH DYWMODE IR WKW S X
VLGH RI D GRPHVWLF ZRRGVWRYH PRCGWHIXI) AR ROQ GHELOBWOSEDEOH W I
FRQYHFWLRQ XVLQJ KHDW VLQN DKHR YPOW. RXH OMHDGN FLWDWB G KRW ZC
PDWFKHG ORDG SRZHU ZDV DFKLHYKB\DXW B WRHBWRKHU : SHUPRGXOHV
PRGXOH 7KH PRUH DGYDQFHG SRIAHUXISYW RH UWDRNUHH MDAKHPRQQHFWHG |
SURGXFHG XS WR : WKH PD[LPXPRSRXHGHV RO PRWNYOHWYHUH FRQQH
DYDLODEOH IRU WKH HQG XVHUV ZX0/XPURXNPGCSLHFHKDAKIEFHKH@QDY DWWDF |
VWXGLHG LQ > @ ,W ZDV D FRPSQ\WHKWN Y DY WWHKMH IXNRFPH W KHH REBWDW XUH (
VRXUFH XS WR WKH HQG XVHUVQRW BFGHGEHRR WRV HAHHUHI\FRROLQJ

PERUUHVSRQGLQJ DXWKRU NUJ\W]WRI VRUQHN#DJK HGX SO
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DOXPLQLXP EORFN WKURXJK ZKLFK WKH ZDWHU ARZ UDWH FRXOG
EH DGMXVWHG 7KH DYHUDJH HOHFWULFLW\ JHQHUDWLRQ ZDV DW D
OHYHO RI . IRU HDFK PRGXOB ZKHQ FKDUJLOJ ZLWK
Rl ¢ UHZRRG SHU KRXU
7DNLQJ LQWR DFFRXQW DERYH PHQWLRQHG VWXGI. HV ZH FDQ
FRQFOXGH WKDW IURP WHFKQLFDO DQG DQ HFRQRPLF SRLQW
RI YLHZ WKHUH LV KXJH SRWHQWLDO WR GHYHORSPHQW RI 7(’
WHFKQRORJ\ ,W ZRXOG FRQVWLWXWH DQ RSWLRQ RI v¥VW5S_ QDEOH
HOHFWULFLW\ JHQHUDWLRQ WKDW FRXOG EH GHYHORSHG LQ WKH RZQ
UHJLRQDO HFRQRPLHV ZKHUH LW LV XVHG
WKDW VLPSOH LQVWDOODWLRQ D %f[?}b FQ&%%%W%”F&’?SHQ\WWVLF
ZRXOG JLYH 7( PRGXOHV VRPH FR DGYDQWDJIH YV
UHVSHFW WR HJ FRQYHQWLRQDO MHVR/WJJL»(FDMXJUDNV RIWWKBRZXHDW H
RSHUDWLQJ FRVWY IHDWXUH VKDURG Z{*WZ0D 8 9PD\WM HO W EH ARBIPVR | WK H
WKHUPRHOHFWULF JHQHUDWRUYV ZQWIMVWKID BWEMIOVRRWVRE IRU ORZ F
LQFRPH UXUDO KRXVHV $V 7(* DUH[ ®HY WV H G KER W KF WIRQWIKH TKLVKUIDFH
DQG ORZ LQFRPH KRXVHV WKH FRVODHWUDRN RLIM U B ORIARIND W, QWIVEH W K|
0DQ\ VWXGLHV LQFOXGLQJ VWXGIUH\GXSHHURDBBG EDGLDWRA ZHUH XV}
KDYH VKRZQ WKDW WKH SULFH SH W RDVOW URHD VEHH WIKHD OV FOORY HQRW KH E
HTXDO WR WKH SULFH RI SKRWR YRIOMRZAHE\ WRHPOWHQV LI\ WKH KHDW H
$OWKRXJK WKH ZRUOGZLGH VWBELMYG KRQNUGEH RADIQ\PRGXOH RQO
FRQILIXUDWLRQV RI 7(*V ZLWK GMWFR WHKAW WEEBWRRU & XMRGUIVWKH WHV\
DQG RWKHU KHDW DSSOLDQFHV WKKHDUAH HJ B KDQRH VWX @IKH ¥( PIRGRABHG V
GLUHFWO\ WR WKH VWRYH ILUHSODFHV ZLWK DFFXPXODWLRQ
ZKLFK FRPELQH ILUHSODFHV DQG WUDGLWLRQDO DFFXPXODWLYH
VWRYHV 6XFK VWXGLHV ZHUH SHUIRUPHG DW $*+ 867
LQ .UDNRZ DQG SUHVHQWHG LQ WKH IXUWKHU SDUW RI WKLV SDSHU

([SHULPHQWDO ULJ

Stove-fireplaces with accumulation (SFA) combine
fireplaces and traditional accumulative stoves. Heat
produced during wood combustion is stored
in the accumulative heat exchanger and dissipated
up to 12 hours after the fire has died out. As a result,
the thermal efficiency of SFA is high and close to 90%
[12,13]. The idea of such device was shown in Fig. 1. JLIXUHKH FRQVWUXFWLRQ RI WKHUPRHOHF!

TKHUPRHOHFWULF PRGXOH XVHG LQ
ZDV D/RRGXOH ZLWK D GLPHQVLRQV
PP DQG PD[LPXP GLIITHUHQWLDO WHP

RI f& W FRQWDLQHG WKHUPRFR?>
ZHUH PDGH2IUR@GWKHLU WKHUPDO FR
DERXW P

+RW VLGH RI 7( PRGXOH GXULQJ GH

RQH PRGXOH ZDV WHVWHG ZDV KHDW

WKURXJK WKH KHDW H[FKDQJHU )ORZ

JDV ZDV FRQWUROOHG E\ FKDQJLQJ V

EORZQ WR WKH IXUQDFH DUHD &RRO!

PRGXOH ZDV UHDOL]JHG XVLQJ WKH GH

DQG WKH KHDW SLSH KHDW VLQN ZLWK

JLIXUHKH LGHD RI VWRYH ILUHSODFH ZLV\#PK}EPFFXR)S;@-R)/\D_\R/QRQ R I W KH \VA

6WXGLHV ZHUH FDUULHG RxwW KW G WwiPvw '-JRlQT ¥ FRRWUROO!
ZLWK D VWRYH ILUHSODFH ZLWK DM XFODRY R E'F& YRV VdNi‘LRNE[bVHG R

NJ IXUQDFH DQG D NJ DFFXE&@WWBQ% (Jf_j-l-QJ" ZLWK WKH VH
ORFDWHG QH[W WR WKH IXUQDFH HU RISUHYLRX
ZRUNV KHDW H[FKDQJHU GHGLFDWH VKV QH HHWLEVWDQFF

WKH EHJLQQLQJ RI WKH DFFXPXO|§\QPF#GH QNB@ng KH KU QDFH KHDW

LOOXVWUDWLRQ RI WKH WHVWHG \{\V HHVLFbR&; Q%g V\}Hbls %VDVW[;(Sﬁ \F/EEF:/Cl

VLGH RI DFFXPXODWLYH PDVV DQ
GHGLFDWHG IRU 7(*
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t WKHUPRDQHPRPHWHUV ZLWK D UDQJH RI PV

WR PHDVXUH WKH IORZ UDWH RI WKH DLU EORZQ

LQWR WKH IXUQDFH DUHD
t I10OXH JDV DQDO\WHU XVHV WKH HOHFWURFKHPLFDO PHWKRG

RI 2 FRQFHQWUDWLRQ PHDVXUHPHQW DQG WKH 1',5

PHWKRG IRU PHDVXULQJ WKH FRQFHQWUDWLRQV RI &2 &2

12 12DQG 62
t VHUYR PHFKDQLVPV FRQWUROOHG YLD DQDORJXH VLJQDOV

9 WR FRQWURO WKH DLU WKURWWOHY SRVLWLRQV

t HOHFWURQLF ORDG

7KH PRQLWRULQJ DQG SURFHVV PHDVXUHPHQW GDWD
DFTXLVLWLRQ V\VWHP KDV EHHQ GHYHORSHG LQ WKH &R'H6\V
HOYLURQPHQW RQ WKH 3& FRPSXWHY . oZBY rPRNKLAOKY MR wich kHDw
REVHUYH WKH UHDO WLPH YDULDWLRQV RI WKH PHDVXUHG Y
DUFKLYH PHDVXUHPHQW GDWD LQ. QNWHHL\Q-V\FrRLQ@D@SSiHRDDzEK LQ DGGL‘
RI WKH 3/& FRQWUROOHU RU LQ WRHU3EDQ® EBWKR G WPHRY MWRQV R b [ |
RSHUDWLRQ OHDVXUHPHQWYVY ZHUHYOHPRUGHG7KH WEHUBWWRRHYROWDJI
LQWHUYDO 7KH ORFDWLRQ RI MPREWRIRIA HIG ZDYD Vv X BHP AW PHDQV
HOHPHQWV LV VKRZQ LQ )LJ R Q A\RHEO Y PAPYWYHMMI W ICXQ L QJ: WKHT IDQ S
GHVFULEHG WHVWV ZHUH PDUNHGDW D OHYHOKREKHQPWKH QXPEHU RI L

PLQXWH ZDV

JLIXUBBFKHPH RI WKH H[SHULPHQWDO ULJ

7KH LQYHVWLJDWLRQV ZHUH GLYLGHG LQWR WZR SDUWV
$W WKH EHJLQQLQJ GLIIHUHQW FRROLQJ PHWKRGV DQG WKHLU
LPSDFW RQ WKH 7( PRGXOH SHUIRUPDQFH KDYH EHHQ WHVWHG
JLUVW LW ZDV XVHG RQO\ KHDW S&@%UQHQM\L@(}LQINWIH@? Kl \OH ARG K H D W
DSSURDFK KHDW SLSH KHDW VLQN ZLWK DQ DLU @ ILQDOO\ WKH
ZDWHU KHDW H[FKDQJHU WHPSHUDWKUOH WKWK ERQE POHPYWLREY R 7(
HTXDO WR 7& )XUWKHU H[SHELWHMKH SHGYFBWhiGEcDOXPLQD ZDWH
WR GHWHUPLQH WKH VSHFLILF FKDU7[5<F8WMB]L"\/W|LI‘?|\PFKPQ/@HM WA WKW H
7( PRGXOH ,Q HDFK RI PHDVXUHPH YOIV HUWPR F Sfppp’kH :DWHU ZD
ZRRG EULTXHWWH KDV EHEQLEXWY QAW fop IV | H[FKDQJHU YLD LQ
ZDV UHFWDQJXODU DQG LWV FDOR %WBHX@QQVRU&W%@%WH RI
+ 0- NJ

7KH ILUVW WHVWHG FRQILIJXUDWLRQ RI 7(* FRQWDLQHG D KHDW
SLSH KHDW VLQN W\SLFDOO\ XVLQJ LQ WKH 3& SURFHVVRUV FRROLQJ
VHH )LJ 7KH DOXPLQD KHDW VLQN KDG IRXU KHDW SLSHV ZLWK
FURVV VHFWLRQ Rl PP ZKLFK UHFHLYHG KHDW GLUHFWO\ IURP
WKH 7( PRGXOH VXUIDFH 'LPHQVLRQV RI WKH ZKROH KHDW VLQN
ZDV [ PP OHQJWK [ ZLGWK [ KHLJKW

JLIXURRROLQJ RI WKH 7(* XVLQJ WKH ZDWH
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SHVXOWY DQG GLVFXVVLRQ

7KH LPSDFW RI WKH FRROLQJ P
PRGXOH SHUIRUPDQFH

The results of conducted studies show, that the use
of proper cooling method has a great impact
on the performance of TEG operation. Due to higher heat
capacity of water (in comparison to air), water cooling
is generally more efficient than air cooling. It can be
observed in Fig. 8, where variations of voltage in each
of studies cases were presented.
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Table 1. The maximum and average voltage values
obtained from tested TE module.
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FXUYHV SUHVHQWHG LQ )LJ 7KLV SYLIHX BWQRM AR@ DUPV R QFKH DOPR"
DJDLQ D GLUHFW FRUUH®RDWILKRIQSRZEHWXWNEY LQ WKH YROWD.
WKH WHPSHUDWXUH RI WKH FROG *VW&H VRIOT XK RVGHDMWH D QG H. WN U\ JRR G
SHUIRUPDQFH 3RZHU JHQHUDWHG LQ WKH WHVWHG 7

ZKHQ WHPSHUDWXUH RI WKH KRW VL

G U ,Q WKH RWKHU
7( Pgél;(l;LHILF FKDUDFWHULVWLEV VF‘E]QIW%EDSV\VJ%\R/\,%@%HU + WKH PD[LPXP
WHPSHUDWXUH RI GHJUHHYV &HOVLX

7KH RSHUDWLRQ SDUDPHWHUV RTWH#HAWHW#GYWQW@ﬁHFR@N\ﬁWLQ#G XC
PRGXOH YROWDJH FXUUHQW DQGZBRDFERXVEHSHOGV SRW RQO\
RQ WKH WHPSHUDWXUH RI LWV FROGKH &P ILRXK W R ﬁo%RLWWNUHZKLF
DUH FRQQHFWHG ZLWK WKH YDULQW\L*ﬁFQ\)/LJR| WA HK R AV Ry (S&HI VH QW H

WHPSHUDWXUH 'XULQJ WKH VWXGLH ULHG RXW IO H VHFRQG
SDUW RI WKLV LOYHVWLJDWLROQ W%ﬁ"’%ﬁﬁ—frﬁ’wr‘g Q\?ﬁ?ﬁdel?fflg“\%/(’“\?iGH
WHPSHUDWXUH YDULDWLRQV RQ WKH FXUUHOW YROWDJH

FKDUDFWHULVWLF DQG WKH RXWSKW SRZHU KPV EHHQ GHWHYEFLQHG
7KH VDPH DPRXQW RI WKH IXHO| ZDMPEXWIQHKGH &k ONVDIHPDILP XP
RI EULTXHWWH &RROLQJ RI WKH FROMKN K8W WRIGH( PR G KO HsZRU
UHDOL]JHG XVLQJ ZDWHU FRROLQU V\3PWPRHWHSRZ UPWiH—ZDY
WKH VDPH DV EHIRUH WKDW LV PLQ ~o@ @
7KH FXUUHQW YROWDJH FKDUDFWHULVWHBYHRW WKH WKUHH FKRVHQ
YDOXHV RI 7( PRGXOH KRW VLGH| WHRBSPY DW|X UH
DQG GHJUHHV &HOVLXV ZHUH SUHVHQWHGELR JLJ

&HOVLXYV

GHJUHHV
&HOVLXYV|

3UHVHQWHG YDOXHV DUH UHODWHG
7( PRGXOH &RQQHFWLQJ LQ VHULHV S
SRVVLEOH WR JHQHUDWH PRUH SRZH
DQG FXUUHQW 3URGXFHG SRZHU XVI
PD\ EH XVHG WR FKDUJH WKH EDWWHU
LV SRVVLEOH WR SURYLGH VHOI VXIILF
FUHSODFH ZLWK DEEXPXODWLRQ DQG
JLIXUH7KH FXUUHQW YROWDJH FKDUDFWB%LFVWBFLTBEW\KWE{ éDISEIZigHVRPH RlI WKH

7KH YDULDWLRQV RI WKH YROWBIKMWYG KRXW ZIPOW B BEHYHOMWHEXPS H'
LQ WKH )LJ GHSHQGY RQ WKH FXUUHQW SKDVH

RI WKH FRPEXVWLR SURFHVV $ J F V FR HFWHG

DOVR ZLWK WKH YHgRFLW\ RI WHPS%@/%S%ID\%QDWLRSS RI WKH 10 XH
JDV DQG WKH YDULDWLRQV RI WKH7LQX ) dR% d AR ZR £ - dcGit §HQSY

HJ RQ WKH RSHQLQJ GHJUHH R WptﬂHsfﬁelz%MV*sH WWEBWILVR $X\A ﬁ*\ﬂ@oWNQ
WKH FRXUVHV RI SUHVHQWHG F)(ply#glo@ppﬁ X DI BY o B QRQ

LUUHJXODU SDULQJ GLIIHUH%W FRROLQJ |

/KH KXJH GHSHQGHQFH RI WKH ﬁR &%)@é’l@é‘U\FJWL&'\)@ WRH (ZDWHU FRROI
PRGXOH RQ WKH WHPSHUDWXUH ZDYRYKREZR (|

YR WRWK B W w kKL YL

ILJXUH LOOXVWUDWHY WKH YDULDWH%QX@H@VK% §>ZWUYh@v\//Vd<j'H'?éQGWk'&'

RI WKH YROWDJH DQG WHPSHUDWXY B WKH FDVH ZKHQ WKH KRW VLGH R
E\ WKH IOXH JDV DQG WKH FROG
E\ WKH ZDWHU ,W LV JRRG UHVXOWYV
IDFW WKDW WKHRUHWLFDOO\ DYDLOD
PRGXOH LV DERXW 9 WKLV YDOXH
ODERUDWRU\ FRQGLWLRQV $OVR D F
WHPSHUDWXUH FRHIILFLHQW &97& LQV
SRVVLEOH LPSDFW RI WKH FRPEXVWLF
WKH RXWSXW YROWDJH IURP 7( PRGX!
FRUUHODWLRQ EHWZHHQ WKH WHPSHL
PRGXOHYV SHUIRUPDQFH 2Q WKH RWHK
VIVWHP PD\ EH HIILFLHQWO\ XVHG L¢

JLIXUH3RZHU JHQHUDWHG LQ WKH 7( PFXCM‘%H( DUH XVHG WR KHDWLQJ ZDWHU
FHQWUDO KHDWLQJ V\VWHP
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7KH RSHUDWLRQ RI 7( PRGXOH LV VW UFRRQIDH N HG HLGHGWZQRW / . XUF]
RQO\ RQ WKH FRROLQJ SDUDPHWHUW BRWYBOV.R B{HSNMH DFWEDND (Q
SDUDPHWHUV RI WKH FRPEXVWLRQ SDREH3AYR W & FSDIURML RX @Q VYL LRGP H Q V
JDV WHPSHUDWXUH DQG IORZ 7KH YD WBRIUMIHRQ\0 L)X GALISHR ZLXFJ U H G\WH S N D
YROWDJH FKDUDFWHULVWLFV DQG SRER BEMMMLLROQV HRSl LZRRBRGX0OHD V
ZHUH FRQVLGHUHG DV D IXQFWLRQ R IZY RGWIFRX PXGDWH R §H U R YWXQBIO R
$V ZH REVHUYHG WKH PD[LPXP SRZHU ZDV DFKLHYHG DW D
OHYHO RI : ZKHQ WKH KRW VLGH WHPSRUDQWNUH®DV)LOA8RZLF] .
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