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Heat Transfer Characteristics and Flow Situations of Forced Convective Boiling
inside Helically Coiled Tube

Mutsuhito DAIGASE* , Niro NAGAI" and Shinji YOSHIKAWA**

(Received January 31, 2007)

The helically coiled tube of heat exchanger is used for the evaporator of prototype fast breeder

reactor "Monju". This report aims at the grasp of relation between two-phase flow phenomena and

heat transfer characteristics of forced convective boiling of water inside helically coiled tube,

especially focusing on oscillation of transition point. A transparent double tube made of glass is

used as a heat exchanger. Water flows up inside helical tube and the high temperature oil flows

down in the outside tube. The oscillation of the transition point was observed, that is mainly

caused by intensive nucleate boiling near the dryout point and evaporation of thin liquid film

flowing along the surface. Fluctuations of local heat flux, local temperature, pressure and tlow

velocity can be explained with relation to visualized flow situations.
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Fig. 1 Outline of experimental setup
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Table 1 Characteristics of heat [lux sensor

Maker Captec

Sensor size[mm] 10X10
Before After
Sensitivity Sensor| 0.885 0.531
(VAW fm})] Sensor2 0.900 0.318
Sensor3 0.935 0.623
Sensor4 0.994 0.680

Type Flexible

Table 2 Dimensions of the helically coiled tube

Radius of curvature:R 14 mm

Outside diameter of helically coiled 7.4 mm
tube:2r,

Inside diameter of helically coiled 5.0 mm
tube:2r;

Thickness of helically coiled tube 1.2 mm

Length of outer tube:L 380 mm

Number of rolling 38
Pitch:p 10 mm
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Fig. 2 Detail view of the helically coiled tube
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Fig. 5 Fluctuation of flow velocity and inlet pressure
(inlet velocity 0.0425m/s)
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Fig. 6 Fluctuation of ransition point (inlet velocity
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Fig. 7 Flow situation (inlet velocity 0.17m/s)
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Fig. 8 Fluctuation of heat flux @ and outside tube skin
temperature (@ (inlet velocity 0.17m/s)
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Fig. 9 Fluctuation of floe velocity and pressure (flow rate
0.17m/s)
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Fig. Il Average heat flux and inlet velocity
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Fig. 12 Average heat flux and position of sensor (inlet
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95

Fig. 111, KOAUH#E % #Ei#iz, O~@DFHY
AR B G L > F 7 Th D, HEBKEL
B L, VHBEREY LNEL RBBARDS.

Fig. 12, Fig. 131X, &2 ¥ —DfTik% iz, F
YIEWE R A & »7- 2 F 7 CThA. Fig 12110
WA/ E VI, Fig. 13 (RSN E VEFOR T 2K
LTW%, EBHHDHAL, Erd—ofiEnm<
A LBMKDENRKELLRBELENIZLERLT
WAL 728, FIASN EVREE T o fE AMEL IR
(3, I K DRMAEDBEDOLIN NS RDIHEN
Hbd.

Inlot wotar tampamturaT _lm. Flow rete U L:amum/-
180

il tamparaturs
@ 170°C
H 180 -
* 180°C
AV EAC

140 —

Average tube temperature[°C]
g

120 b
i
b |
10 {—r e .I_ e —— h e S _I
|
100 | i
02 025 03 035 04

Position of sensor{m]

Fig. 14 Average surface temperature and position of
sensor (inlet velocity 0.0425m/s) -

Inlot wstar tamparaturmT _ =A0°C, Flow rata U =0.17m/s

i
—0—:13:2 i i
160 —0—:‘ | o
Ty pl | Y 1
g H | I /’.
¢ ! s
% 140 ——-- H—t -__'E — ;:..I?. =
E i i ! o
K} 130 . ) |/ /./
] i 1 | =
3 e b2
% 120 e g e _j...,.lr... ——
H / iz
> | -
< o0 A == - |
i~ |
l>/ | !
100 1 i !
02 0.26 03 035 04

Positlon of aensar[m]

Fig. 15 Average surface temperature and position of
sensor (inlet velocity 0.17m/s)

Fig. 14, Fig. 15 IR Y — O, HEmic
SEEERERERY L 22TV ThD. B —Off
BREGRBLRELRSARD LV Z LB,
Fig. 14 {ZHEI NS WVEFT, EORFIE Y —Of
BBV CIRBEERLA/NELSZ2>TS. Fig
15077 7OLGMAXIZANELL 22T NS,



96
3.3 WEEoAL, iRig

Oil tampamature T _=170°C,
Intat watar tamperatureT =|=m't:. Flow rate U | =0.0425m/s,

Ao ant I'Iwu@I
L [ e . S S —
|
304 L - ._%_ — —
E i
% 25104 p——t——} T
©
2 ORT G| EF=== S S £ 5o it | i
5 =
% 510t
! il S
1 10¢ | ey S
5000 =
o‘. 4 | i =
0 01 02 03 0.4 06
Frequency[Hz]
Fig. 16 MEM (Heat flux@) ~
Oll temparsture T _=170°C,
Inlet woter temperatureT _ =70C. Flow rato U , =0.0425m/s,
Position of ¥
0.007 : - -
i !
n‘ma e e e —— - ¢:-|—- r .-
0005 [ : ]
E I
S oo0os —— e i SIS
& . :
b i
g oo = Soees S |
8 1
0002 |- .__._.____:_ e et
0007 Pt e
l= {
.
0 A L’.\ ‘—/ |
0 01 Q2 03 04 0.8

Fraquency[Hz]

Fig. 17 MEM (transition point)

U, EBERE, Wl TH, BBAOKEZY

MEMOBART > b 17 & —iE)ic ko 8 kA L 7.

FNEN, A7 FABEL LT B BEES 2K
{FET DH|ABR OGN, Fig 16, Fig. 17 (2[R U s
BRAATREDEANE R D L IEB AT DV THENT L 7= T
Thad. EBHHY 0.25Hz OFBETEDNARY L
BT B LTS, PR, BREE S, Wik,
K, BB OWTY, TRENE Ul Tk
WARZ MUVBINTWBIRANRE < Wb 7.

Fig. 18 (%, B FTER, M2 K ORIF 2 &
SV F7THDH. BIEES L T Aok
ERMEDFEN LRI, FRENNEL B L, B
MO R D EINRH 5.

Fig. 19 (X, BREIC & o —DLfE, Helhic ik o
DRMEE L > 7 7 TH5. RIEN—FBANEL R

L01%, 9 —ODH T 2. +OhDBET G,
ENENDORBOKZ SICELAHE D B SR,

Ofl tomperaturs T =180°C. Inlet water TemperatureT _ =70°C

5000 T —e
—@— Heat flux amplitude@ | | l
—— Hoat flux ampln
—®— Hoat flux mmpliud:
—d&— Heod Tus asalingde |
— 4000 — R e
& : | 3
E H ! I
3 T T | RN
8 3000 —d—1L ......-}___._..,E_._—_. —
K | |
= 1 ! |
‘5" o | i
2000 | s i | ] —
E] & | 1
3 .\\\I\Il\.
-} i |
£ I : :
1000 o«___:___x'w ] - b [
—_— T *
.n_.____‘;.‘ 1 =1 _! i@
i i
i i I

o i
004 008 008 01 012 014 016 018
Flow rate[m/s]

Fig. 18 Heat flux amplitude and {low rate

Inlet water temperatureT _ =70, Flowrato U =00426m/s

S0 [O1 tempornture
—9— 170°C
—— 180°C
—e— [90C
4000 | —e 300 | rp—
=& -
Z
8 3000 - E
a ]
£
é 2000 S—
°,
8 o
£ ™ #Z \\
1000 |- et i \ =l
0 - i

02 0.26 03 035 04
Potition of sensor[m]
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