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KL TBE 8B & M A Z A LIV Ry 7 27 0 —BGEAHROMNZE] LELES EL VR Sh TV 5.

%1 E S T, fRa 25mIcB T 238 E8E MM AN L > TRET 2 2 L OREREZIRS, HANCEKY
FIROPEHMENA T DA FNX —DEFE~O ARSI PHEINTND E VI BUROMEEZ K L TWVWD. Z o
REITE L, B Bl 2 SR kR e J 9 5 BR o gin Ew - R ORE 22 FH L CEYLFERE LT H o 2L F—n—x
AT A4 TERREL, TOBALEFRLTND.

%2 w TBWEIY 2 2 L—a VICKAMEIEIROBET] T, L Ry 7 27 e —BEEBICAW S 2L ORI E R
RL, MBIV I 2L —2 a3 D BANEHOBREZH ST 5 & & BICRBERRBEIIREERL WD, D
TR, WAHE TH DI Y — FOIEN 170 °C DA, Z O & FATICH MR E SN=7 / — REMKR & ORICHEIO
VEBY IR IR % Heda 5 BfiF (NDIREE : 25 °C) B SE7/-L &, 0.8 mm OFBMEMEHEIIH VTS 100 K L LEOEE =S
EHICRFFT D ZEMARETH DI EEZHALNIL TS, I 51, BENOBRGE TN A 5T DA E kS
VHZEEAME LT, FEREDOTN & BEREIITETICN YV — FREIC T 4 VERE LZBAICHOWT, Byidhs
Ralb—varEfToTWad. ZORSE, ATREOEEIIEMEEIOKW T ¢ I HABET L, MBERA/NS
W T SR CRALAMER T 5 Z L IC L 0 BMERE Z O T R OSHHEAOBIRPIOM K EHR 2 L, —F
BEARERE TIX 7 4 R CRAARDMEMANIEER T 572 EMNORFIX R 220, RV FEROMEZ4AET2 28, ZL
TIDEIRFZATEBENIOEBIEEATELZLEHALMNILE Y 2T, MEBROBFHEHEZRL TN D.

%3 E @A A MEEE A W27 0 — BB Y AT AOWE L 2 OVEREMRIA | <%, BME ORI A (KR
FTDINDD, A A RREIREEE LT BRI Z AW TC, BREIR THH I Y — ROBEERK 170 °C L L7-REHE
BREITV, Ra k7 hE2EEL WD, Thbb, EFIREBICET 2 EH-EE iR L RAEOFHIN G, FEMHE
URBPERE D BRI IR G ~DEAEMEEZT SN L, Y alb—Ta UEREHEAN T 5 LR TWAE, F72, BK
NOWEBENZET BT T L DWEBEIRIAZ RO 2 HIEZIREL, Th & BEBERORZRA v ©—7 v 23O
FER DD T A MEICEIT 2 ERIEE, SRS, WEBIIENAZEEMICHALNIL TS, ZofE, 27T
DOEBRIZEB O TIRRIEPUI 0/ N S < WEBBHEIS R K TH Y, BEDNREMEEOELHHIRERTH D Z L %52
LMILTWD. £z, 5 ELUTOMRBERTIE, BEEE L/VCEBNRAZ @B S5 OB RTREI)IHEET
RLTCER LA B 1% LR Z 2R L, FAOBREMESEE2 BT 2RISRV CHENRBE L IE & O
MBNARETHDLZEER LTS, —JF, BADZEMROB TOF A U PNZIERICHEE -T2 b, FA U058
EEOM FIZIIEBEEIIOBEBA LA TH D LB TN 5D,

%4 MRRBERBAAEE AV Z LI A VAT AMREDM ) T, WEBIHEI AL 2 298 LT,
TN KR EAERE SNBEMICIEZ S O &AL TH By-7F T 7 o GBL) &&EL, wAOMERER Ea2 s T
W5, GBLIFFFEXUREMOEBETH M, AW T-ELR T 2 CRIREICEMT 5 2 & (BRE : 0.47mol/L, =
) &, ZHUC KV EIRIREIA A A R L LT CRBREO/NSREL o T D Z EERIL TV D, B
FEOHRITEM ¥ v U 7 EEOHRICET D —F, EREAEDOHR LA Z&nb, FHERORERFEMEZ ERIIC
RODHZEICED, BOHEEEN0.21mol/L THH I EEWHLMNZ LTS, Z OREeiE & EMmEFEE 0. 8mm, &Y —
RUREE 170 °C & L724MT 200 mV OEEFE & 10 W/n® OFEBEEZZEMR L TND. EORSE, 3T L& T 10
~1000 D47 A >, 400~1200 W/m*K OBVYREREZER L, GBL DN AKL Ky 7 270 —BE TS 25 K OVERER
FIcERTHHZ LERLTND.

EHE fEE] T, BEICBVWTELNIEREMIELTVS.

PLEZET 512, RmsUIBbFERE & mbIxmmi & 25 a8 LB RV — =T U IEEREL, T
VAT LTl LB, FEMERED KELEN O, K OPEREM EOREHEREZIT o TN D D, THEEKRNTE
FHEKT 2L ZABRKEV. Lo T, KmidEL (IF) OFGmL e LTHaRflifizfG 3260 LRBDHND.
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This  thesis titled “Study of Redox-Flow Thermoelectric Conversion Integrating
Thermoelectrochemical Power Generation and Forced Convection Cooling” consists of five chapters.

In Chapter 1, the necessity of forced convection cooling is discussed. Then, it is pointed out that loss
of the free energy of thermal energy possessed by a heat releasing object during such cooling is still
unaddressed. To address this issue, a thermal energy harvesting technology is proposed that conducts
thermogalvanic power generation using a temperature difference between the heat releasing plane and
working fluid, along with some possible applications.

In Chapter 2, the geometry of the flow cell is proposed and the optimal geometry is explored using
thermo-fluidic simulations. It is found that a steady-state temperature difference of 100 K is attained
over a 0.8 mm gap between the anode and cathode when the latter is 170 °C. Also, characteristics of
the fin-type cathodes are elucidated. Finally, the design guideline for channel geometry is presented.

In Chapter 3, the proposed concept is investigated using an ionic liquid as a solvent. The dependence
of the power generation and cooling performances on the geometry is presented. Using the developed
model for the mass transfer in the electrolyte and the results of AC impedance measurements, the
magnitudes of solution, charge transfer, and mass transfer resistances are quantified, from which the
limiting factor is found to be the mass transfer resistance. Furthermore, below a certain flow rate, a
“gain” defined by the generated power divided by the hydrodynamic pumping work required to force
the liquid through the cell is found to exceed unity, demonstrating the feasibility of this technology.

In Chapter 4, y-butyrolactone (GBL) is selected as the solvent to decrease the mass-transfer
resistance. Although GBL is non-conducting, the high solubility of the redox couple unexpectedly
resulted in as low solution resistance as that attained with the ionic liquid. With the optimum
concentration of 0.21 mol/L, electrode gap of 0.8 mm, and cathode temperature of 170 °C, the power
generation density of 10 W/m? is achieved. For the conditions tested, the gain ranging 10 to 1000 and
the heat transfer coefficient above 1000 W/m?K are achieved, demonstrating the effectiveness of
using GBL to improve the performance.

In Chapter 5, the results and findings acquired in the above Chapters are summarized.
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