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Abstract

Aiming at the heat exchange process of high-temperature flue gas and air passing through the

AR

NESIM: IMRE, B, ER, T, RER, B R R BRI ED]. @S 073E, 2021, 10(1):
140-149. DOI: 10.12677/mo0s.2021.101015


http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2021.101015
https://doi.org/10.12677/mos.2021.101015
http://www.hanspub.org

VE 45

stacked honeycomb ceramic regenerator, based on the single-hole regenerator model, numerical
simulations were carried out to study the effects of flow velocity and switching time on the tem-
perature distribution of fluid and honeycomb ceramics during the preheating process, and the ef-
fect on the temperature efficiency reached after the heat exchange was stabilized. The results
show that under the conditions of high temperature flue gas inlet temperature 1123.15 K and air
inlet temperature 313.15 K, when the switching time is 60 s, as the face velocity increases from
0.75 m/s to 1.5 m/s, the air outlet temperature at the end of heat release period changes from
1083.83 K to 1055.05 K, and the temperature efficiency drops from 95.15% to 91.59%, when the
switching time is 90 s, as the face velocity increases from 0.75 m/s to 1.5 m/s, the air outlet tem-
perature at the end of heat release period drops from 1076.25 K to 1040.37 K, and the tempera-
ture efficiency drops from 94.21% to 89.78%. Under the same face velocity, the shorter the
switching time, the lower the flue gas outlet temperature during the heat storage period, and the
higher the air outlet temperature and temperature efficiency during the heat release period. Un-
der the same switching time, when the inlet flow rate increases, the flue gas outlet temperature
during the heat storage period increases, and the air outlet temperature decreases during the heat
release period as well as the temperature efficiency. The thermal inertia of the heat exchange
process in the honeycomb ceramic regenerator is very strong, and it takes a long time to stabilize.
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Figure 1. Schematic diagram of accumulation state of regenerator
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Figure 2. Three dimensional single hole mesh model of stacked honeycombs
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Table 1. Parameters of simulated working conditions

F 1 BEUIRASH

il
SRR

Tl T2 T3 T4 TH5 TH 6 TH7 TH8

I #E/(m-s™) 0.75 1 1.2 15 0.75 1 1.2 15

A8 171 BF 1)/ () 60 60 60 60 90 90 90 90

e JE () 120 120 120 120 180 180 180 180

AN (m-s ™) 1.17 1.56 1.88 2.34 1.17 1.56 1.88 2.34
TENDREIK) 313.15 313.15 313.15 313.15 313.15 313.15 313.15 313.15

AR E/(kg-s "t x 107°) 1.19 1.59 1.9 2.38 1.19 1.59 1.9 2.38

TSN TR /(m-s ™) 42 5.6 6.72 8.41 42 5.6 6.72 8.41
RN DR EN(K) 112315 112315 112315 112315 112315 112315 112315  1123.15

SRR/ (kgs * x 10°7°) 1.19 1.59 1.9 2.38 1.19 1.59 1.9 2.38

3. AR RERSKRESHHIRE

T NS M TS PARIWILRILE A 313.15 K, BEE MRS SR S NS RIE, &
PARBEIZD T, DA DREAR b, &EETRRE. DT 1 86, 4 metE 60 s, 0 HjiE
0.75 m/s I, & PHAA U & R 1 B 7 Tl M A= 23 A (38 an 1] 3 BTz

M3 HATLLE H, 7RG FE R R — A& #1, 1123.15 K B &R0 SN & SR Tl N, T
T & PR R e, R IR Ty, B AR NS, R A A IR R AR R . B
TGS R R EAT, BRVEN EIRX AW TR, ERETFIREARNN &, HR b & AR
AU TR E ETHRZEE . Wi 4 fiz, M 1 min 2] 477 min, 880 H TR FEEAUM 313.15 K #4403 1
340.75 K.
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Figure 3. Evolution of flue gas temperature distribution at the end of endothermic periods
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Figure 4. Flue gas outlet temperature at the end of endothermic periods
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Figure 5. Evolution of air temperature distribution at the end of exothermic periods
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Figure 6. Air outlet temperature at the end of exothermic periods
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Figure 7. Temperature distribution of honeycomb ceramics under different face velocity
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Figure 8. Temperature distribution of honeycomb ceramics under different switching time
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ISR RS, B & MU M RERE KT FEAR ST, )5 e 3 g e b 2 A A S Pk 3
e s IRAS AORRE B € ESE 30 min A5 TEAYIAR 2 U FHIREE (A AR L3N 1%

BRI R R & S RBE VR Toasin 2 NHEFHRIE Tairis 25 R Tairo FIRFON:

&= (Tair,o _Tair,i )/(Tgas,i _Tair,i ) (7)

FE— ARSI, 2 LM FE R 2188 T o AR RIS REIK 21 T 75 (10 A I BE AR
BERR, FEORIEE AR T R T8 70 FIRAN A LTS B A PR O B R 2R o 18 & B AP BT
HH EOR & ARIR SRR AME T 095, AFRITOLT, #Aad REk SRS R Frf i 16 B SHAR M <
B RS« TR 2 UL L LR 2 S 1 IR R T S A RE R ke 2 oo

Table 2. Temperature efficiency of honeycomb ceramic heat exchange process
2. BRMERPIIZNEENE

. 8
TH1 T2 T3 T4 TH5 T 6 T 7 T8
I #E/(mes ™) 0.75 1 1.2 15 0.75 1 1.2 15
8 (1] BT [/ (S) 60 60 60 60 90 90 90 90
RN IREIK) 313.15 313.15 313.15 313.15 313.15 313.15 313.15 313.15
TN DR E(K) 1123.15 112315 112315 112315 112315 112315 112315  1123.15
1K BIRE R IRES AT 7 1 8] /min 422 332 302 242 453 363 303 243

IOFIAR IS FIRE(K) 340.73 352.87 360.93 372.56 345,58 359.83 369.58 383.72
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Continued

TRIAR 22 S FHRE/(K) 1083.83  1076.26  1067.95  1055.05  1076.25  1066.59  1056.38  1040.37
5L Rk 0.9515 0.9421 0.9319 0.9159 0.9421 0.9302 0.9176 0.8978

MG 2 AT LR, FEAH R i R) R, SO bl ey, A g e e A A AR TR SR AR AE
GiENETT D BT b N R TSP S S SUR SR PN Y & 5 T 1 el AP VT T R DU RN &S A
R FEFTREFEN 8 AN L, WALELAL 1 256 N TSR IIAR 1R R A AMIC T 0.95,
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1) ERVATmHGSFES, SRS R B S, BT IEE RN R DR e SR B
Tt REFHRIE R IR . N E PRI IR TR M PRk BiFe0E, FTRET KT 4 /e, X SR HH
0 3 W B VA O R IO PR TR AR B, (8 PR P X Ag AT VR PR ) R E LN, AE B IR
B AEAT R P ER 7 ISR RRE, A SR BB R P AR E A SRR TR
BT SHE S MBS R, AT R RS E .

2) BRI IGEFRIR BIFEE DUS , FEAH [F) (003 T T, 49 ] IR ()RR, 25 AR A0 HE IR BB AL,
TR 7 A0 G AR P 8 3 s s A () )48 fm) R )R, E TR A vy 8 AR R B
TR 23 A0 0L R P A5 R A 0 TR A T X UL 5 802 1) S i LA [ o B B K o

3) TEARSCITE I E AL BT SEEE N, IEBUE IALE S 0.75 m/s, 6 m] i (]2 60 s B,
FE TSR ARG B R AT eI F1] 95.15%, 1 /& il B R MK T 95% I BEaR o 18 & MLttt iy, Righé
PSRN NI RIAR BRI S, A BRI BUE I 8 A A e A0 T Bk B P I B R A PR S AR o R
RGN E ROBRAS, R BERT R B iy, 50T 328 B P I R Ak A IR A Tl AR B A ] LABRAIG . 7E
R E T TR IERCR AT T, GRS R, AT ARRRE A R B VAR E R R B REL
FPARFARIHNE A . 288, AR R R S I IR BB FE AT A, TE TAR R P R LA
FEV AT ANEAT AR — D AR ZE B b 8 BUE BRSNS R, nONE A 3 Tk
HEAE SRS E .
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