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Figure 1. The supercritical hydrothermal flame generation process of 50% ethanol solution in a supercritical water environment of
23.8 MPa and 425 °C[3], (a) 0 s; (b) 0.033 s; (¢) 0.100 s; (d) 0.133 s; (e) 0.166 s.
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Table 1. Eight types of key elementary reactions in supercritical hydrothermal combustion.
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Figure 2. Typical supercritical hydrothermal flame generation modes: (a) semi-intermittent flame; (b) diffusion flame; (¢) premixed
flamel?3.
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Figure 3. Typical semi-batch supercritical hydrothermal combustion reactor. (a) Karlsruhe institute of technology semi-batch
reactor*]; (b) Sandia national laboratories semi-batch reactor!s).
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Figure 4. A hydrothermal flame image of 1.2 mm high and 0.5 mm wide obtained by Franck et al.l4,
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Figure 5. Typical continuous supercritical hydrothermal combustion reactor. (a) Schematic diagram of a tubular reactor?]; (b)
Schematic diagram of an evaporating wall reactor!!%); (¢) Schematic diagram of a water-cooled wall reactorl’].
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Figure 6. The relationship between ignition temperature and fuel concentration of supercritical hydrothermal combustion of methane
and methanolPl. (a) The methane ignition concentration changes with temperature; (b) The methanol ignition concentration changes
with temperature.
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Figure 7. Zhang et al. studied the effect of fuel flow on ignition temperature
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Figure 8. Hot surface ignition device produced by Stathopoulost® and Meier et al.l*"].

[ - T T T T T T 1 i |
R10 ) i
(@)
2. 400 F i
3 . (I §
............... F ~TAXETTEL CPT TUDEPRTRILS
d g ’..
3 300 ® i
g ®
£ 200 |
g 200 | e Ignition 3
- ©o  No ignition
% 100f - - Steperctal (1992) -
------ Sobhy et al. (2007)
0 e B g

0 20 40 60 80 100
Feed temperature, Tfeeq [°C|
B 9.2.5-32.5 wt.% L EE AR LRI S K SRR R ) e TR 5 TGRS R R PTI,

Figure 9. The relationship between hot surface temperature and preheating temperature during supercritical hydrothermal
combustion of 2.5-32.5 wt.% ethanol solution7).
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Table 2. Summary of supercritical hydrothermal combustion ignition and flameout experiments.
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Figure 10. Wellig® and Zhang et al.[*!) studied the influence of fuel concentration on flameout temperature.
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Figure 11. Effect of fuel flow on flameout temperature[31].
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Hicks!" L@ i rf AL 732, 53] 7 2 mL-min™' A1 7 m-min~" Pifh 25 S0E TR 2T 8Ok 4%
FEHE . WA RSO, PGB EREZN 4.6 cm/s; X TFREMESSMIERM T, P
KIGHERER LN 9 emes™!, T HAARGEEHAZ RN, W 12 fis. &8 8REMEEG, JohE
AT N KNI B B /MBS MR AR K A, R RN R RS S BN . T TR AR LS S R A
RN, B /MEAL T KA RGN b e B T B R D I R TR v v i e DL AR REIBE I
AL SRR T B S Ko

20
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*  TEFHE =2 ml/min

o
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B 12, JOEAR IR L RE x/d ARG R, x/d 58 SCOBRGE & Hh T 07 (R e v B2 x S R beds AR Z B3,
Figure 12. Flame propagation velocity as a function of x/d, which is defined as the ratio of the axial height x above the burner outlet
plane to the burner diametert'3],

Bermejo 251K 2 KOG FE A 205 17 4E 300600 CCTRHVEE T, 4 wt.%F1 8 wt.% 5 =
A B I FOK B IG R ERAE IR, 45 BB 13 . 45 BB R JOGEHE B SR 50k
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Figure 13. The relationship between flame propagation speed and preheating temperaturel!%l,
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T B BRI S NN 1 AR, 7853 R THERLAR /1% (computational fluid dynamics, CFD) ]
fERIE, RFEIE F KBRS T OB, 2R T S50 A s B 2 B G T
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I 52 I TR B B IR, B AN RE AMIE R 21 5256 2% 4V B LA Ah o VRN 3 T e N Bl S S HE
TN R AT R A T RN, AR TS AR T 28 ] T A, TR
(1 7K B8 A B 5 B R B R RS TR T R, PR, B I KRS R A T N 7 S, T
E | 8 VA I CSRc 1K 5 VS S 5 W NI B S-S U VAR E A | B ST = Y A A =t R B SR =R I K o)
Il K IR et FEHEATRIE 7T

Brock ZEMIME T Hki, HEE., —AMKEEAMEIE A KA EIs) =8, KR T
Baulch S5O ELRE K5 J1 2240, FEE I8 T R IR N 30 1125 5084k, R AR TR O i R AR PR
NHIB AR, R ] DR G s T DL DUR A WL R LR E . R, BT
HO,- H HE 2B I KA S B R BB B2, 320 THRES HO B BRI RN
LR ZEHH LA S HO, H S (1 FA A 2 B T gt — 2D 2 iy A B T PR v 1%« Rice 260V7E Marinovl™?!
FEH I QRS ARA B AL EAE b, Gl 3T IE H0, B2 R 2, A CH;0, F1 CH3CHO (1) R
B, JEIHNE HOCO M ALHISE TAEESL T LRGSR SR O R N3 1A, R i
B T 2R SRR UL R R P RS A, RS T BB FOK S R N # AR, il 14 Fr
7No Ploeger 255I7E Rice ZEPULAl RN 1 H R BERR 10 Sse SAALER, MR T HERIERG 5 C BEAEEB IR K
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Figure 14. Ethanol reaction pathway proposed by Rice et al.bl,
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1) T I S K HIRGE I [ B 77328 KT 5 AR RS 77, BRI, SR e i S )
YAk Bl ) SRR N FH T B I S /KRS, 350 43 e 0 A5 I 7 14D S 7 3 238 o B0k B e R B, 7 )
JRA B RMEN J12E SR ATAEIE . AR SEE 2 — LB I DI MR K22 Li B H I S
FABEAE AR N LR, K H P K OH-. CH,O. CH;0. CH,OH %5 NAH 4 A 345 s N ) i i
JEBR BN 124 S BT B e, % CH;0H 5 HO,- Al CO 5 OH- A [ NI 2 AMBUR [ N I SN B 2
24, [FRANFE T CH3OH A a4 HOCO #i IR BLE% AR, MIMF9EE 7GSRI N RS AR
RAEBIG FOK BRI TEGH B B 2RI oA 5 OV BN JT AR, I SEEIL T0 AS [ R R I SR e
R JE SRR R AT, 25 58 15 Fios.

R 3. I FOKIRRAL 2 R E) F) AR AT

Table 3. Summary of supercritical hydrothermal combustion chemical reaction kinetic models.
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W R R PER) L
2 24.5 Mpa ST LR AUMPERITR T LIRS (5]
10470 °C ISR BA O, BAFHSTEN T ol 2. e
=
A L 24.6 Mpa 3 T - LRI KSR AL SR B I3 [57)
655700°C X, ALK& HNNOx IRRIWUHIETISTE, 931

TR N2O P2 FR ) R o
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3. (4).
Table 3. (Continued).
PR R MAEHNSEE REFIAE S5 3R
PP TR I 2. 24.6 Mpa R AN B S LR AT A S, PR TIEH T [53]
473 °C R TR B R Nigh 8, i
T FF e R A A e B L TR S i K I g
B 25 Mpa T Brock[48]5 A1 CL AL AR BiBh 2488, TTk - [58]
400-500 °C T W I K ARG 23 ) R, 4R
R EZRT 5 OH- B A R M .
i 24.6 Mpa BT sRae g AT T A G FOK S — B R [26]
495-600 °C B BT EAUHRRERUTT & 17 AR ALK
VELHAL 52 R RL3) 7 2R
ES 24.6 Mpa FT RN D A EALIHLEE, JTTR TR [59]
540°C I TR AL TR 22 [ BB 70 T
i : : : 9mol%,3.2cm’ 2g/s 700 700
: i i —— 10mol%,3.2cm’ 2g/s I
:'\. l : s I.'Zn\nl“o.}.ZC{n‘_Zg‘.\ 600 4600
10 1\ \ 'I == 12mol%,5em’,2¢/s
E ) "\. - { - |2Ilm1°b,|5t‘lll‘;2g:> 500 41500 ©
r—\(fv - ' \:\\r E : ----- 0nml“--,3.2»‘:1\:.55*:: 8 | ‘Q
i :428 c 1 }: : ; _____ 9mol%,3.2cm’,10g/s 'ﬂib\( 400 4400 gg
z LE: ' O ] I 5
ﬁ . E 300 {300 ;é
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: 100 | {100
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& 15. (a) N[ VR 0 IS B R 5 (b) AN [F) FR i 3 % R i P 4T
Figure 15. (a) Different methanol concentrations correspond to the ultimate ignition temperature; (b) Different methanol

concentrations correspond to the flameout temperature[54].
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Figure 16. Comparison of temperature distribution between finite rate/eddy dissipation model and eddy dissipation model of total
package reaction(*’]. (a) Total package reaction finite rate/eddy dissipation model; (b) eddy dissipation model.
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Figure 17. Comparison of temperature and velocity distribution generated by three nozzles with different central flow cross-sectional
areas!*”). The size of the central flow cross-sectional area is TEST2 < TEST3 < TESTI. (a—c) Temperature distribution, (d—f)
Velocity distribution.
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Figure 18. Material and temperature distribution in the reactor when the central jets of the cross-jet nozzle are fuel and oxygen
respectively[47]. (a—c) The central jet is fuel, (d—f) the central jet is air.
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Figure 19. (a) Temperature rise curve of quinoline supercritical water oxidation/combustion with different concentrations; (b)
Distribution of quinoline supercritical water oxidation/combustion products with different concentrations!”%.
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Figure 21. Schematic diagram of coal’s supercritical hydrothermal combustion coupled power generation system(7®. 1. Coal grinder;
2. Slurry pump; 3. Hydrothermal combustion system; 4. Ash hopper; 5. Valve; 6. Gas-liquid separator; 7. High-pressure turbine; 8.
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water preheater; 15. Reactant liquid reprocessing device; 16. Circulation pump; 17. Empty Press; 18. Air preheater; 19. Extraction
steam recuperation device
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Figure 22. Schematic diagram of the supercritical hydrothermal combustion-assisted in-situ coal gasification hydrogen production

system[78].
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Figure 23. Schematic diagram of supercritical hydrothermal combustion multi-element thermal fluid generation technology!®!l.
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University: (a) Partial generator development plan(®>%3; (b) Representative object.
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Abstract: Supercritical hydrothermal combustion technology is a new homogeneous combustion technology with high
potential in the fields of efficient removal of organic waste, clean utilization of conventional fossil energy, and efficient
recovery of heavy oil. This manuscript reviews the literature related to supercritical hydrothermal combustion in recent
years, and focuses on evaluating the current status of experimental and numerical simulation studies on the characteristics
of supercritical hydrothermal combustion, as well as the latest progress in engineering. It is pointed out that the reduction
of ignition temperature and extinction temperature is the key to promoting the application of supercritical hydrothermal
combustion technology, and the consideration of the real-fluid effects and turbulence-reaction interactions can correctly
reflect the combustion process. In addition, supercritical hydrothermal combustion technology, as a source of heat and
reaction medium supply, can realize the efficient removal of highly concentrated organic wastewater, the clean
combustion of coal and in-situ hydrogen production, as well as the thermal recovery of heavy oil by multi-thermal fluids.
At present, supercritical hydrothermal combustion forced ignition technology, reactor design guidelines, and corrosion

prevention of key equipment are still the focus of future research, which is of great significance to promote the application.

Keywords: supercritical hydrothermal combustion; combustion characteristics; numerical simulation; waste treatment;

in-situ coal gasification; heavy oil thermal recovery




