o®o
=ETEAS
SR —HA T o

Muroran Institute of Technology Academic Resources Archive

/.

LA EBORK - BIIEO Y1 78 Y v b
A iR | |
RIS DRARLS I RIET YA 2 0 AT LK
ZER

=

S&8jpn

HiRE: ERIEAREMIGHREARERE 54—
~FH: 2016-12-06

F—7— K (Ja):

*—7— K (En):

ERE: 1R, 8%, I8, E%, LA, =

X—=IJLT7 FL R:

FilE:

http://hdl.handle.net/10258/00009098




KA EZEOMAK - o H R E O
~ A7 n Yy MEREEWOHEHNA

— fa ¥

AdE0EBRBRERBICKITT ~A 72 XT )LD

B 3
55%§_

R o ExT-HE BEY - LW 87
1 # 8 NEEGE, SHEAHIHE LCRY o fz, HoR

SRHITEER ARG o A T A OFIBE ISR AT HER
BHRICE LTI, ZhE TITEL Oz D~One &
NTW5b, FEOIL, EOERITHBE KT OET
BREIRE MR OZN LD BWIEAICRE LT
NI L ARELO® IEAIRATIRTE 2R D
MRENWZEER L, 77200, A ER
WENDENEIZ L > TRIAL L, BAE LR
(2 & B R E SRR O BN L HEE SN, 20
e, e RITERE ORI AR &
N, ERERHEIIEER G S AT L~ DRIKS Bl
BIZL > TIAFERERETDHZ L THRDOREAED
DDTHETAMHI TE L Z L EWALNE LETD, L
MU E, EREOENTH HKIREHHONT,
CIVE TG SN E T RS =520,

ARFFETIE, CFD fRHTIS L ONEG B 4 i L C
SKIARDEN EVERFEDORREZFHE LT,

2 ZEEBAZE

2.1 CFD &%

CFD fEHTIZIX M Y 7 k@ FLUENT ver.6.3 %
7o HME 2222mm, AR 0.81mm OFE & Z I
AT DTN FERE LN 2 R RS S L,
INERIS T Ay a2 |28 Uiz, BHR CILHT
AT AN IR - T2 Bl D EIZ DWW TxFR & L, kiR

*1 b OA|
¥ g —1U (k)

e

- OofEAES R (KK))

FEAT DOFPRELE, FEEMEIERE TR 0 S A &
L THEERFORDEB L OESERFEO O %2
Too AFHEEM () ICXBEENOLA LK
#1364,640 TH Y, EIEIVTELIE & RIAE =D T,
ET LV E L CTE ke BT A% A LT,
KIBOYBFOFEITRD L H 147> 72, KT, K
TAONERS L OHEZHRE L, KB FET HAE
TOWRHE 2 AW TSI 2R 5, RNT,
FEABLT), B, #, INEENZBE LK
TWOEE X%, [IERE ST A—2—L LT
Euler-Lagrange E'VC K-> TEHE L7z, 72771, X
AOFER (R4 FR) (30 TERWo T, K80
TGRS IR 5 2 /a0 E LT, ISR
LRIAOBREENR TN T L0, BEIAONITEILE
WDT, RIADE—nRITEZ 0z <, KJdFE
TOMAERITEACES L L, LEORED T
(2, BLAE BE 2872295 £ CORIOBI & 35 L7,
FHEAMFIILLTO®mY Th D,

1K (333K), KR : 0.47x107Pa-s, WEFE
983.2kg/m’, AT 2 FHHGEE: 1.5m/ss, H1
J£77 : OPa-gauge, KA : 285, KR L 1 1.204 kg/m’,
RIAFE : 20um~2mm, FHAKIEZEL : 1,000 #H, Kid
AT BEOAD,

2.2 @EHHAER

Fig. 1 (2@ R B i OIS X 2 7= 37, il
B XS 2K, InEEs BT AT, faKaE, 158,
B, WARE, EEE TR LOENHERHORY
J1—ARF— NGBS N OER STV D, mEE
KA X OB BB TS XV L S 0.5m° @



Flow meter

: Polycarbonate tube I

Elevated == - - - oo —ao -k
tank — %
j=—————
Copper tube;1.5m/s
1 1 Copper_ tube; 1. 5m/s 1
- I -------
| 1 Copper_ tube;1m/s_ _ _*_)
' Return 'L
A ~
T ® NEY
5 | " Hot water suppKl
i_ - —> Y
Heat
Cold water g_ea er
supply € Y
Return

Storage tank

Fig.1 Schematic diagram of model plumbing system of
hot water forced circulating.

Tabel 1 Typical analysis of test water.

pH 6.8

Conductivity (4 S/m) 81
Total hardness ( CaCO, mg/L ) | 20.0
Ca hardness ( CaCO, mg/L) | 16.1
M alkalinity ( CaCO, mg/L) |[17.3
S0, (mg/L) 8.0

Cl- (mg/L) 7.0

8i0, (mg/L) 9.8
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Fig.2 Velocity vector of liquid for 20A downward pipe
system, temp. : 333K, flow rate : 1.5m/s, pressure
of outlet : OPa-gauge.
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Fig.3 Bubble trajectories for 20A downward pipe system
temp. : 333K, flow rate : 1.5m/s, pressure of outlet :
OPa-gauge.
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Fig.4 Inner surface of test tubes.
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Fig.5 Thickness of scale on test tube at flow rate of

1.5m/s.
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Fig.6 Typical visualization of bubbles flow nearby elbow
in the transparent tube at flow rate of 1.5m/s.
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Fig.7 Typical erosion corrosion of copper tube
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Fig.8 Inner surface and cross section of test tubes,

(a) with micro-bubbles, (b) without micro-bubbles.
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