1 T
520 % 5 2 W] UN X

202046 H

FIRE SAFETY SCIENCE

Mo

Vol. 29.No. 2
Jun. 2020

XEHKS.1004-5309(2020)-0121-08
DOI:10. 3969/j. issn. 1004-5309. 2020. 02. 07

RAREARR E=FANRINFIEAR

AEFEBFR AR EDL 28, X IE

CE A B 22 4 TR O B Al

Sl R A SR L 8. 266071)

WEAMBRAASOARSRABEMR T ARALECAEZ-FHBGHRY XA AR AHALLGH L BERR
BATANELREE RATRAKAMALRRECRADFROMRL., ZREAA.REMEFERFTRA LS
BARBRREFERR BEANEI  RALTERRSRBE; EREREEE D REANABA AR EIRT
SACARB AR RAR A LAFRMAR HFER AREERARSRABGCR HEFALAR EBARSGRE, &
BETHADIBRIYRFELE, AFIEFRER, FELEEHECRREGRERAAE.

KB R EREAAL AR BRE R kAT
hE S EE. TQ028. 8;X915.5

0 5|5

28 F S R 110 A BN L A T R R
Wt it 5 P B S ) A S ot R I 5 9 ) R R A | SR T
AT 1] 2 J o P e DX K R AR K FE B F) 22 K X
S, — BLUR AR KRG KA e S U I 7R FA R S
B T B AR TR T AR A AR E 33 0T 3l A
NASEZS ) €18 N MR (BN e SR 5 )L SN
BRI o DA T R RS DR KA i R XK R R
IR KR GE I 2 B WE 5 A R, 0 R T 4 25 <
IRKKFRGE(CAFS) 5 LA B L IR o & o 5 7K
AR ALy 650 7247, BE W6 o A% 4 At R & T 4
A PRI TE R I TR KK R e A B R A e
AL IR UL IR B KB AR AR BEA K9 i
EZ . Zhou % H AR = AR IR BEAT B
KK W R = R IR B B i 1 /PR
U PR R B R R R E R T 500, B
— ARV B S AR . Smith FE5VRT Lu 550704

W fe HEH.2019-04-01; 182 H #3:2019-04-26

XERARIRAD . A

R IR T S 2R 25 XL R I S R A L AN AT AR
AR E SN . A RS ML I A
SHIRIE T TR S0 B /0N o 2R AP AR A
AREMM IR T Al . SR IR b2 ok
FR R AR A 2% AR R HIR A 3R
18 . B, s A 4 TR ST B ) R A i 1
P PEAE R B ORI R B R A AL R S W
FEAE ORI 22 T PR AR AR 7 AR R 80 AT 7
AR FEIR .,

R A A e R UR A S AR 2 ) AR AR KB
RALH 2 G H 2L (1 H AT WA S IR IR A W AR
BB LA e Az i P 8 3 0 A A ) I AH S SCRR A 1
SR AR 22 WE T~ 3 o 28 SO R K 2B e TN O 30
P R ARIRL R B S A K T BEAT T TR T IE . X
PRI SN T I IR S A i L IR AR AL, O X (RO A
MR A AT 145 PEAE . AU PIV S ARMF 5T
TN [ SR WL 3 6 3 TR 45 ) L2 TR R A
AN T Wb vE . 2017 4R, XK e 0 iE —

EEBN REREA962—) PR RS T L, B 5 % 4 TR B B 2w 1L W58 05 Il oA A0 A KU 467 BE

GRFERGRFH R ZEBHRE,
BIWAEE . H %, TFN , E-mail: zhourf. qday@ sinopec. com



122 K %A% FIRE SAFETY SCIENCE

%29 6% 24

HAIEGE T AN (6] £ B 4 B X0 TR A 2% N R UL 43
A1 o BRPS AR ) SR A TH B fR R B4 18 T 1 5% L B
AR RN N Y € S 8 /A i R A N DT
A ORI it 26 TR A= A 1 N TR S R AT T B
U I 5T & IR, S 0t 0 TR K 2 8 7 A R Y UK B
T 1) 4 2 TE— P SR T 3 X s s A
LA BE R AELRT 77 £ 1 L TR 38 50 R B 5 e 45 /N L
XTIk K AEas A HE R RAE M. A H &
S RLRIRIESY T HE I R 2 AL AR AL A PR AR A5
T EEIR R A AT -k R IR AR T AR A R X
PR 23 A0 B R 350 X 3R WA 4 & A U A 45 A0 R 8
AT BIR
XF TR A 5 K AR $A B i 7R A BF Y Go-
palaswami %" AR RN K E B R AR 2
JEZS 0 5 , Berenson A5 7010 BR 62 4l 41 21 44 0 % ) Bl
W) 28 fk B, 5 SE B a5 R W) & B,
Klimenko A& BIL718] 5 5 56 28 B4R 22 85k, Clarke
G0 ) v 3B ARG VG R EE AH AR 5 K A AR R
S AT RN BT B 5T R I, Tl 2 AW AK
HP I 2 VRS A B s A R ) B A% 3 v A
AL 388 S5 X0F e g 4G i 22 Sk it S AR B 52 e R[]
Liu S50 #7700 M 5 A% OB BRSS9 BUE
KR, D) Clarke 8¢ 5256 T BUASEALL T ¥ UM 55 ALK
R PR AR AR R AR L A Cltl) AT A Sy PR A AR A T L

(T 8 PTI00 , ¢,
! WA ] VAR Pl

FE VR A5 K Z ) s i 0 I RS T s L i I R A
AU I 1 DR 2 AR O A 1) X A% A R B 3 Y A~
W B A S 15 B AT RSB AR, B AL A 2R S S e 4
WRW 4., Wen ZPY  Raj 1 Bowdoin™ Hil Qi
SRR Y 45 SR R WK SRR AR K 5 AR T
ZAVH B 09 AL G R, Sibamoto %Yl Perets
SECORIRGE T K IR IR VAR 1 VMR BT S R A 4
(o T 9 B 3R A VR ) 22 [) ) 3 A 8 g A B AR
HRR X5 LN2 BEG 2] KiK.

R T WIS AR WU R R AR A N AN IR A A
KA SAC B IR LI AR A, A SR TG 2 T A
TR A A RORUEE AT AAL 52 50 & 42, DA Tl )23 1 B 5
T RAIKPAEE B I IR SRR . A AT T K G
T Labview R IMP iR B R 4 56 14, 3 B
TR R R R A BN R g L MR AR S R
R

1 ZLWRENE

1.1 KRG

ARSI R G0 B AL G K A I R R
6 AR YRGS I L I B U R 43, R FH 36 B NT 4
A] PCI-6143 [F] 25 & 3 >R 4 R Vo /) 58 4 /) IMP &
51 35951A 35951 H SR M LA K i W 045 i 47 £ i
KA WA 1 R,

1'45/
/\

G AL RIONES

21
=7 B e
6 P

V3 g

— 6 17
20

1-HE7K CHEIMALIE B AR ) o 2-35 22, 3-HL R L fab 31, 4-T0 R R 7 28, S5-I LB, 6-J J7 A5 IR 2% 7- 4R T #5% . 8-T P e R 41, 9- 22 JE A& Ik 3%, 10,110
R AETE  12-B5 08 13- IR 4B Tt L 14-TR 8 I i, 15- MR B M TOM o 1655 S BRAR ML L 17-4BZ ML, 18-IMP SRAEMR , 19-3H B ML, 20- 8 15 3+ it
B1 #RBEFXIHLRER

Fig. 1 Experimental flow chart of liquid nitrogen foam
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Characteristics of flow in a novel liquid nitrogen foam generator

MU Shanjun, LANG Xuging. ZHOU Rifeng,
MU Xiaodong, LIU Quanzhen, WU Jingfeng

(State Key Laboratory of Safety and Control for Chemicals, SINOPEC Research Institute of Safety Engineering, Qingdao 266071, China)

Abstract: The nitrogen gas foam produced by the cryogenic liquid nitrogen penetrated directly into the foam solution is a novel
method of mixing. Based on the nature of high vaporization ratio of liquid nitrogen, a visualization experimental device of liquid
nitrogen foam was built to study the flow characteristics of two-phase nitrogen-water flow and the liquid nitrogen foam. The
results show that the liquid nitrogen phase transition produces a large amount of nitrogen gases, which are mixed with the foam
solution to produce foam. The temperature rises and is finally close to the temperature of foam solution. The pressure drop
along the pipe is smaller. The liquid nitrogen jet breaking and the flow process can be divided into six zones: the cryogenic
liquid nitrogen zone, the upward circulation rolling zone, the retention zone, the foam and the solution mixed zone, the dense
foam zone and the foam solution zone. The fluid is continuous foaming during flowing to the downstream. In order to prevent
the pipeline from freezing, it is necessary to reasonably control the flow rates of the foam solution and liquid nitrogen.

Keywords: Liquid nitrogen; Foam; Foam generator; Heat and mass transfer; Rapid phase transition



