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Abstract: The flow and heat transfer instabilities of kerosene flowing in a vertical upward circular tube were experimentally
investigated. The tube is 1 mm in diameter and 300 mm in length. Pressure ranges from 2.5~4 MPa, mass flow rate ranges
from 0.7~1.7 g/s and inlet temperature ranges from 300~ 520 K. Results indicate that heat transfer instability appears when
the applied heating power exceeds a threshold value. It is found that the instability threshold power increases with the in-
creasing of pressure and mass flow rate while it decreases with the increasing of inlet temperature. Heat transfer instability
will not happen when inlet temperature reaches a certain value. At the initial state of the instability, the outlet temperature
rises rapidly while the temperature of the section wall drops rapidly. Heat transfer coefficient increases during the instability.
Increasing of the local flow velocity leads to the pressure pulsation and causes sounds. After the instability, the outlet tem-
perature keeps almost constant while the wall temperature keeps rising until the next instability happens.
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(b) Variation of pressure drop as function of

time at unstable state
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Fig. 3 Outlet temperature and pressure drop as function of time at unstable state( 1.2 g/s, T, =20 °C, 4 MPa, 1.24 MW/m")
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Fig. 4 Outlet temperature and pressure drop as function of time at stable state( 1.2 g/s, T, =20 °C, 4 MPa, 1.09 MW/m*)

22 ARERRIBFERFEST

AFaE KA Coriolis Yt = TTEEECAN Y LR &
DY W, S0 BEak 1R S 11 370 4 2 G W AR
k. 5 WIE 3 HPORFaE KRR 24 ~ 32 s HEER 4
D SCRER TR AR () A5 ik, DR S MR B, RE
TEAT IR A AR AL A S AR, B REIR R R
BF, M R ARGH T R TAE B TR,
TR e T R 2 R R E BT KSF, SR AR R,
BB —IRARRE & A RER AN T3 35 A0 53X Fh AR
A bR 1 1 S 56 BEAS [ 157 B Ak 37 3 A A% 48 2R Bkl
Al AE Ak BEVR R R CHIMIER LAY BY BE Reyn-

olds BRI R E I 1 A, i A6 BEWL b T F v
U T B I A4 15 55 2 I Reynolds BUFI1E #4 2R 5
L

R T 5 BT R I R T AR A O R S 56 B
LS AL AR AL, DA AN [ S23 T 00 F i
RE RS AT M R P A A TS, R 1 A
TS SER BTSSR R S B D B PR
TERIBT, ARRE & A pI ez rm iR SR T
AR T A RS S b FHE AR T, X Ui 4
PrARERAE K A B Bl 5 4% 3R 04 728 Ak 0 20 512 56 Bt
BETR T B B0 A D R AE N



60 Sk

2017 % 2%

420

650
640

(=)
(=N
w

400

640

570 WT,/°C 580

630, WT/C
, 620, WT/%C, 630,

360

(o) [l fan}
340, S=lg

5 ANERE I F 3 B IR R 1 3t I B 1] 22 4
(1.2¢g/s, T,,=20 °C, 4 MPa, 1.24 MW,/m")
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time at unstable state(1.2 g/s, T, =20 °C, 4 MPa, 1.24 MW/m”)
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Table 1 Heat balance of wall temperature and outlet temperature

rise of rise of
S8 T,/ C T ./C
m/(g/s) prj;[?;e/ r./¢ ( m::;sured ( ca(i"c‘ulated
values) values)
0.7 2.5 20 73.19 72.25
0.7 3 20 48.55 47.01
0.7 3 111 13.75 12.3
0.7 3 150 14.61 13.34
0.7 3.5 20 44.29 45.12
0.7 4 20 55.24 56.47
1.2 2.5 20 28.03 29.14
1.2 2.5 111 15.22 16.07
1.2 2.5 150 7.65 6.93
1.2 3 20 41.79 42.61
1.2 3 111 13.55 14.53
1.2 3 150 11.04 10.19
1.2 3.5 20 36.05 37.55
1.2 3.5 111 22.39 20.92
1.2 3.5 150 13.20 11.64
1.2 4 20 55.61 54.48
1.2 4 111 14.42 12.27
1.7 2.5 20 60.70 62.91
1.7 3 20 29.91 30.97
1.7 3 111 9.67 10.78
1.7 3 150 10.48 10.77
1.7 3.5 20 7.40 7.13
1.7 4 20 5.76 5.39

1 SEI0 BRE R T BRI OB B TRTE N, X Ui
WM 1.2g/s, AR R 20 °C, EF A4 MPa T A
e S VTR RS A B B R il B T B Be 1 i
H1 Reynolds £t FA0 25 Ji F A% HR 32 5000 S5 o Be 1 A8
HEATIHE, g4 R Bl 6 (a) F1(b) PR,
M6 (a) ol LI, iR G b B B s
F1 Reynolds F(3 Hb S R AR E I 22, HLIR S5
BO7 10 “ 220 B R, XA 2 IR TR
B IR . AERE ISR B ) P (4.7 m/s)
AR (3.3 m/s) R 1.4 m/s, JRIH0 2 1Y & 5 1
MSTEEENIE b, SRS, EEEN
A . N 6 (b) Hral LUK B, AR RE KA
BF, H R G BB T PG AL AR
B DR R E S AR Z, BT E kA
RS20 B A A AR B AL

5.0 50000
—a— v-stable
45 —e— v—unstable Ix
=T —A— Re—stable /

40 —v— Re—unstabl¢ / 140000
330 130000
£30f &
25| 120000

2.0t

110000
1.5}
1.0

- - . - : 0
0 50 100 150 200 250 300

x/mm

(a)Flow velocities and Reynolds numbers at different locations

1.9 18000
- qx—stablle})l
g, —unstable
1.8¢ :r— h —stable v—Y 16000
—y— i —unstable A /
L7 ¥ N/ 114000
[ /NS 5
T L6 / \ 112000 %
= / \ * A\ £
z1s | XN/ /\ 110000 5
=2 / ./ ,"’ \ =
1.4} ‘/ ¥ / /‘ _A—AR000 <
vy .
1.3} 6000
1.2} P S 4000
Y aAA 4k
1L E=A . . . . 2000
0 50 100 150 200 250 300

x/mm

(b) Heat fluxes and HTC at different locations considering

variation of wall temperature

6 ARERRIAEIRE (1.2 ¢, T,

=20 C, 4 MPa)
Fig. 6 Flow and heat transfer changes of instability

(1.2¢/s, T, =20C, 4 MPa)



5513

BRTLE, A IR SR AL POR R E SEIR TR 61

3 AESHARERIRRRE EH R

XPANIR)SE56 T, ANFaE & A IR R PO 2%
AN—FE, B AORET B —E B, S0
T BAREIRS. WL, DA AFESLRSECT
AR E M I PO 2 B T SR ST, At — 2 T
FIR IR

h TSR E B AR ORI LR PO B, 1
BN ANRRE & A IR R Tl R il 7 S 5 B AR )
PRI BE RN o3 A R T 43, BRARASRS O & AR
B, LU LSO RN 1.2 o/s, JEFIH 4 MPa,
AR 20 C R BT 5387, 4 MPa [ )1 F
HREIH (B0 LR 24 428.12 °C (701.27 K1), A
s af LA, FE B B i He S PR 24
I 70 °C, ANERUE B 101 9 3 B4 06 1t 2 3k B 4001
FHIRE, 33X ¢ BB AN S IG B P T It T IR 2 7E 400 A
DA 44 S 56 o BERE IR 2 L HD0I S5 IR 8 s
60~220 °C. BERZE & TG SR, i 3 i 4
ARG LAT, 3K BB ARER e & A S 58 B #LI
SR EE R A A 28 o B — 2 L. SRl SR
3T 4Dk S 3 A 4 e 2 i 3 P ) A2 A R A TR B 1)

1.3

oy —

q/(MW/m?)
=

09} m=12¢g/s
—a—T =20 C
0.8l ——T'=111 C
——T =150 C
07 2.5 3.0 35 4.0
p/MPa

(a)Effects of operating pressure on threshold power

for different inlet temperatures

R4k, SRR G AR A T SN AT PR R 8
SR, RIS, ASARE Ao ST RE T IR T A v T 2
T, TAARTER M R AR R, TARAE )2
SR Z a1 i sh AL HAEE T 22 K.
3.1 EAh®m
B 7 450 T AR TR T 5 R e i

LR AR B R ) RS T o 3 i N R AR R
FERCUR I B (2. T 7 (a) HOA MR 150
°C JES1H 4 MPa B SEES T R I8 KA KA E,
HOBAT X N AR R LR A % . B 7 W LU
R TR] 5 3 R A IR R R RS E & AR R AR
PRI 2 B Bl S ) B AR AR AR R R A, R )
M, AFRE KA R G R . N SO
TR e A s B IR R 3ok IR I s 1) A8 £k K 3 o G A
REHE AR AL T AR I, AR B R I e o 1 LI
TR, S B P APLIG AU I R B AR ] — g L
B, B G A T R ARk, 9 R,
Xof 7RI S0 R g, R MG A et A 1T S LA
IR LT, S 56 B R iR T v 2 0L S I B LA I,
R HEANTRE T e ) P 28 B R

1.6F /
1.4}
Eiof e e .
= I,=20%C
= 1.0} —a—m=0.7 g/s
= —o—m=1.2 ¢s
0.8} —a—m=1.7 g/s
0.6} .
0.4 s - -
2.5 3.0 3.5 4.0
p/MPa

(b) Effects of operating pressure on threshold power

for different mass flow rates
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Fig. 7 Effects of pressure on instability heat flux
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