SN EE I T Vol. 25 No. 2
Journal of Chinese Institute of Food Science and Technology Feb. 2 025

925 & 2
2025 %24

EAMEXFHRNBRER RO BHERAR

RO&', EAW', TERK', #TAE', REAT
(ARERLKRFIRSER B RE 150030

PRLRLEXRFRSFKR ARIE 150030)

WE ARGEFR B2 ER BB —HEAMMEXEAANBRE T B0 B F ik, il 40 fe 255 EAF A AR R 4%
EARB—FIELE BRAMELARANBREALRLE BEOAAS B SN AT Y as B X8R T MERE E4
T 64 5 ALY SF T A AAOPT F AR 1] L 2R Fluent 45 AT 50 & B XA m P9 At HOK BE I R A A 09 AL Sl i R
EERBAE AR ENREKTEE, RBEZ L KA LR ETRBRER, AHELRIMEEH B RSN KRAR
BEEAAMEBWRENAFERERAREREZ, AR R B8R A XEFNBAFEFTE R FZ KT @hiiXg,
HFHATHRHARA G RIS IE, S REAW . G4 E S 1.2 MPa AR E 130 C R R 37 s 4542 6 mm A, & %

S EFEABIT%, » BRI HRERAFZ - By BRELE,

XBE O BaH; EAAMERX; KARE; mEE
XEHRS 1009-7848(2025)02-0317-12

v ) & B A AR A A A 1,
2022 4EFR E S E N 3456 J1 v, RESE R
HEE AR 11%THE, 2022 4 7 4 1 JE 5
HIC 2Tk 380 U7 to A K S AR e HEAT I I SH A Ak
FHASASON) B 58 5 AU K BT5 3, BB I T &5
A, 38 IR IR 2R SRR AT LU AE £ A i AT
TR, A AT 25 AR AN O AR R AR T A
Wys 2 15 K A B AF U 5 )2 R, G iR
W B AT AR B AT A 28000 B, 25 H IRLBOR T, AR AY
ZPB X R BE A5 G TR 23 ok — RE AR RLES
HAi, 85T R o B 7 ik 22 Ak 2f ik i ik
TP BRI A2 10 B ORI, Al 538 2 1 Al
B AR RN IR VS e | B T S0 A5 PR Ay
BN R 0 H AT E N AR K2R YT
BT B B TR SY . © A B S AL
WS i 77 S B AR 72 IR 5, A I o2 i —
TR D8 % B 43 8 B e BRI ik, R P B e R R
XoF R il e I A A 2 Sl S S AR L S
MBS T N 28 A B A ST B R e
ok 3% 1) 9l S ofF 2 76 P9 1) 2 BRORIR R AR TN 2R A AR
A R TR AR T R R 2 A A i L MLBRBIE S 43 5

FEEH . 2024-02-03

EE&TH . FKEAHLITRIE A (2022YFD2101005)
E—EH . R, & 1+ BT

BIEMEE: BER  E-mail: yjchi323@126.com

DOI: 10.16429/5.1009-7848.2025.02.028

H7e AR ARG e PR A B A Bl o AR
B, Hor BACR AN s INZEE A L T H e Y B 5
SN WSR2 7 S W N (A o T £ W (S
RAA R

AR ST R 2 B R AR SO TN 78 0 8
g JEBEAT AL, 48t —Fh R ) A 2R N g 2R
7o ME BTk . Be A BUEAR S R
FREE BINEE W N R, IR0 R U A
JE BTG Fe T3 MR ZE IR R AR SR 8 R T
LRI -G TR0 DA ORI INTTE /R G s AL
WR MRS A G, UMy 5 I s I
RE%,

1 MRERE
1.1 #H5iE&E

PR RNEEA — S0 22 XS e, RALR
A R A,

JE I AME R ZE RN R 7e | B B A
fiff ; M600TB-B % - KV IR LR A PR A W]
QB—40 m A, KREESIN THEARAA;
DLO114 FT4L#% , 15 T &1
12 ERESBEE

RARZERNE 1 BRI AME R ZE IR I R
ot B B B R B NI R A AR 1 7R
TR 2 ORI 3 R 1 4 4 s AR



318 hoE g

T

2025 45 2 )

5 ZZKRIER I 6 MR 7 B2 HE 8 B 2% vl
9 JE V-5 10 kT 4% 11 B R 1% 12,
RSO 13 R, TE e 11 Esafh

13 12 11 10 9 8

1 ZRANBER BEABREFHTER
Structure diagram of steam flash—explosion experiment

Fig.1

device for separating membranes from eggshells
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Fig.2 Structure of pressure vessel

K AR ALTE B, T/ kg o

MR S 5e N A E R 22 il 58 N i A2
TRBRIE] K A B K, ) 25 58 R0 AR 87 AR i v it 2R
7 WL A ZE R IR A Wy 9358 2 s R,

W, (J) =PV [1-(PJ/P) "%/ (k-1) (2)

PPy O T ) 4R 4% 00 B0 45 X K J1 , MPa P,
IS JE ) 28 B4 % FE J1 MPas V, 2k o A B 7%
P N ZE VR A m3 sk R 4 T 50, B 1.33

W 1] 3% . i 28 58 PN o PR IR TA) 228 4 25950
T2l 2 Ml O I [R o dE 7 B s AR AL T 3
71, B SE oy sl WA A an R,

W) =W+W, (3)
1.5 WMRRESEFMNREX/FNENITE

e NN KRR B2 B, A PR 3 e B
AT T — 0 A R Sk 1) 5 7 2 A R A [ B AT ARy
e IGENL, th T ECEMEBUR , & Y TES B
B A% 5T ik A A U S AR SE R N RN 4, %
) B B 0 2 7R B 5 P B fh i AR N T
HPEE | H A5 7 5 B B T 0 PR A ST A e
— 0, K A VR BE T ) — AE RS T B HEORE AR AR i
FUE T AN BET O AL EE ST AR AR R owy, BT TH
HAEPORZRME 3 Frs, RISz S
RYPEL X A% BT BV O B AW AR A5 A L 15
EFE NI 8 ) BN



25 2

BN AME R AR ARBRE & Y B 7 xR 319

T(K) = Ts—(Ts=Ty)exp (—u*\t/pcd?) x2sinu/ (u+
sinucosw ) (4)

M = arctan (hd/Aw) (5)
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Fig.3 Diagram of heat transfer between saturated steam

and eggshell
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Table 2 Temperature dynamic model for inner wall

of eggshell under different saturated steam temperatures

B %
KF MRS RABE RENE RoEZ
(X))/MPa  (X,)/C (X3)ls  (X/)mm
-1 0.8 100 15 6
0 1.0 115 30 8
1 1.2 130 45 10

KAREN A RARE . .
Eoe N E AR
(Py)/MPa (TW/K
0.1 373 T=373-92.19exp(-16t)
0.2 393 T=393-116.87exp(-16.11¢)
0.3 406 T=406-133.12exp (-16.361)
0.4 416 T=416-145.66exp(-16.5t)
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Fig.5 Inner wall temperature curves of eggshell

with the variation heat transfer time
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Fig.6 Schematic of grid model
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Fig.7 Phase fraction cloud diagram under different superheat degrees
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Fig.8 Phase fraction cloud diagram under different temperatures of water film
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Fig.9 Phase fraction cloud diagram under different initial pressures
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Fig.10  Effects of initial pressure on separation rate

of eggshells and membranes
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Fig.11 Effects of saturated steam temperature

on separation rate of eggshells and membranes
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Fig.13  Effects of eggshells particle size on separation

rate of eggshells and membranes
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3 0.8 130 30 8 72.60 18 1.2 115 15 8 76.16
4 1.2 130 30 8 84.17 19 0.8 115 45 8 70.09
5 1.0 115 15 6 72.95 20 1.2 115 45 8 79.41
6 1.0 115 45 6 77.91 21 1.0 100 30 6 76.18
7 1.0 115 15 10 66.99 22 1.0 130 30 6 81.77
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12 1.2 115 30 10 75.94 27 1.0 115 30 8 80.06
13 1.0 100 15 69.26 28 1.0 115 30 8 79.27
14 1.0 130 15 70.84 29 1.0 115 30 8 81.48
15 1.0 100 45 70.22
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Table 4 Variance analysis of test results
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Fig.14 Response surfaces under interaction influence
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Fig.15 Separation experiment results
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CHI Y, WANG Y, LI M F, et al. Influence factors

Separation Method of Eggshell Membranes Using Steam Flash—explosion
with Pressure Compensation

CHI Yuan', ZUO Daming', WANG Hailing', HUANG Zilong', CHI Yujie*
(‘College of Engineering, Northeast Agricultural University, Harbin 150030
*College of Food Science, Northeast Agricultural University, Harbin 150030)

Abstract In order to improve the separation rate of pouliry eggshell membranes, a steam flash—explosion method with
pressure compensation was designed. The effective separating of eggshell membranes from eggshells was realized through
steam flash—explosion, which occurred by instantaneous pressure relief after saturated steam for heat transfer and com-
pressed air for further pressure compensation. The key factors affecting separation power were analyzed and determined.
The analysis results showed that with the increase of initial pressure, the power of separation was enhanced. The heat
transfer models under different conditions were constructed, and the minimum time required for heat transfer was deter-
mined. The influence of various factors on the flash evaporation characteristics of superheated water film inside the
egoshell was simulated and analyzed by using the Fluent software, and the experimental level range of each factor was
determined through single factor experiments. The response surface optimization experimental method of four factors and
three levels was applied, initial pressure, temperature, holding time and particle size were taken as test factors, and the
separation rate was taken as evaluation index according to the theoretical analysis, numerical simulation, and single factor
experimental results. The parameters of influencing factors were optimized and verified by tests. The results of experiments
were that when the initial pressure was 1.2 MPa, the temperature was 130 C, the holding time was 37 s, and the parti-
cle size was 6 mm, the separation rate was 85.97%. The method showed a good separation effect, which could provide a
reference for the research and optimization of the eggshell membrane separation.

Keywords eggshell and membrane separation; pressure compensation; steam flash—explosion; response surface



