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Wi, QIFFENE E CHALIX kW/em3 Th 5,

Q= 6488(1 — 2.96216_0'25636(x+8'7952))8_0'069935(x+9'5499) (2.4)

A E 5 & Fig.2.2 128”7, 22T, x I+ —2a AR FTHIZH
Sl =07y FRLH EONET, =7y FEGZNERZ R A LT
5., BrE—2aDO7 a7 7 A 6.88X10cm2 DEHFE. BT E— L4
UL O HEH X 48 Alem2 O — ko & Lic, RBEBBAOHEBITIES
ot —bL7m 77402 FE—L0 x 2> CTHEEL K
ICTCEL2EHAFRTHENTZZY —F vy PERMMOKEOFENE L, A
HLEBFE—2Z XX —0 60%, B1H MW ¥ —745 v MZE L
LCTAfMMINDE, EEOXZ—F v T, AR LERE T E— L2 G
THET D WAL+ L EHICHELL TRABEDIAEN DD, 22 TH
ELTEB XV BRAEEITIRLI RS EEZIDODNDIN, NEICE L L
DFHEKEBEZNALT 2B TCHITED, BB rE RiAALTEHRTH
MREIE R DG ERE LT,
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2.2.3 BWTET NV EMITFHE - &

s A7 a—RKERE—7 v bOEEEFF TiE, B xR B K
DEEIZOWTHEMEII 24T\, 7oA 70—z R TE5
REBLZGLZNR20 EERFZITO ETHENRTIA—ZRET LD
Mo | FHE O WL M & FF R RE o B 2 e L, BB R o %t
MBI —REEOR EESEEZH W, 2 0O FEITIRAE 72 B0 E kS M
MM 2D Z T, mbA NV AEEROENZBAIMICHEIETL
F O DI[25] FHEM TR Z2 + 0/ S < BUD Za v & A HE R R AU o R AT
TIHEHENEL 225, T TAHTIE,. XVEEOB WEI FIE T 0
278 —EORNTEERNT O, BMEKEOEEL 1 KRIEE X
DN TEDH3WMEDR L5 %2Hv T, KER o E G B) fiF A & 17
-7z,
fRMTIC L 5 BB 3R 3 Cix, — A R O % 0 PLA B IR iR
#fr==— Ko STAR-CD # H v . UL T @ FiE A2 H v CELUE2E B O & H
WM 24T > T2,

B A ¥ — A c o HREEIE

£ 77 i 1% : SIMPLE

72 [0 22 43 . QUICK & (3 WK R k2 47)
EL i E T L c FEYE k- ¢ T L[26]

B 1 5= o BERIHL

b€ 7 it Fig.2.9 _Tﬁ‘ﬂ((/m@]%%ﬁﬁﬁ R R T %‘{)mﬁﬁf\%ﬁbiﬁ
EERWTEEAOOWKE ARG E L, ¥ =4 v FHLEIZ OV Tl xR
%ﬁmht3&mﬂ~7%7wf\ﬁ%%%iﬁﬁzm&2@ﬁ@%
S S s A

A=y PADOEREHEIT, KEBREDNEHOER CHEIND
50°C., KB HEITMAT X7 A —% & LT, 0.6m/s, 0.8m/s, 1.0m/s,
1.2m/s. 1.3m/s. 1.5m/s. 2.0m/s ® % 5 TM & 17 - 7=,

Z =70y NEMEBERIIE — AEBE TKE~ 2556W/em2 O ANE % ) E
L. ZDOMOBEmIZTE THEASEMFE L, KBRDOBREHOEEITEE L T
W2 W, ZHIEKEBoOMRERKENIZ L D2Em bV A VA OWNEG ThH D
OB NRELS EL. B FE—LARITK DKBO—ER 72 (KFE %
Thrl-d, BHORBMNDTHDLI ETFTFMOBRBEZDS KX 20D
S5Thd, ALt 7 > bv#ix 1.5 & Lz, £7=, KB WHEEIZIEE
50°C, JE/) 0.1MPa »faC—E &L L, BHLEWEEEZ FTITRT,

R 13.47X103 kg/m3
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KEMEAR %L - 1.41X 103 kg/m/K
LR B 138.5 J/kg/K
BAZE K 9.36 W/m/K

2.2.4 KEBBIR B MRS R

AiEiCam Lzl ¥ =47y bARDWEDESTM TR Z21T > 7228,
ETCOHATKRKBEBORNEG, KCBRESHAONRE - FIEEALERD
Thole, REMRFERELTADME 1.2m/s O H O E S0 &R
oA & Fig.2.3 L O Fig.2.4 129, B M O i ¥ No.3 & O No.4
X IE 2R ND T, MIKIC XV FHIETOZ R L F—PNEE= L ¥
—ICEBREINTADMTRFICHEN RKELS DY, ZAZEN 2.9m/s L O
2.5mls ThbH, E—ALAEITHETIE No.l & No2 MO NETHRT D
728 No.8 it A 0 TN K& <220 | FEFA O T i M T Bl
EHOWMEBAAEL TVDLIN, BTrE—20BHEBEEN»LI|INLTW DT
HORERIWBE EF TR LRV BB — 20 HEE T, R E
DEWVWE —ARBITEND x=450mm T F¥ T7Z 2 A7 80— i NE
BTETW5DH, x=450mm ULBFIF R R BHEEHEKE 0o Tk | 2k
EFOBRTIHELE LI AWVA, BRICHERRND X 5 ITHAEE O K\ E K
THHEORE EFITRE Ry, Fig.2.5 13 y 75\ &E K5 V0 x il
> TemfATHY, BFE—2L2 AR EohoRizZ "L TWD,
x=0 5 450mm X CEHYBIEDOHETHY . ¥ —7 v b ADMMN»LE HA
A FE—2AREHEZBULZENARHELETVDIFEEZRLTNWD, F
o, KERBAEEOSHRICHIGE L7 v X7 a—0jE NNk RS
NTW5D, x=450 72 H 780mm [T/ TV, #° 0 &8t > THFEED L
TWL 0k, BEEHEBKOFMLEZRL TWD,

Fig.2.4 3% — %7 v b O KE D TAREBIEE A 2000CLL FTH 5 2, &6
SHIICIBREOBWVEGHN 2 B TCEL TSI EERLTVD, —D
TE—2ZONMAI. b9 DX No3mMEBNLDOMNNE X Y- TH
WO R HAMERKONM THY , ZEIREITXERE OHH T
281 CTH D, KBOFEEIEEDORIEILZ., KEOW KR 356.7CITEE
KW ERIAAT 300CEREL TH Y . MO KR O H &R E L%
FFEEZ ThloTWa, #—7 v MR OHEEMENIL, Fig.2.5 (TR
TEOICHF =5 AT HICH R THREAEENKEIZ/NNE <, 5MW OBV
— A& METH 100W/emd it TH D20, HREBRENLO P .LE TH K
RIBE X 130CREE TH 5,
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Fig.2.6 12 % —7 v AR WEDFMHITH T D, KB DK EIRE IO
¥ —7y NTOREITHEIOBEMFBTHY . Lo A0 gl xS 7
LA NVAETHD, ANOFENSBEIMNT D & 5KkE i E R 5B
A L, EABREKRIIEARTS, 776 ADWE 1.1m/s L E TH
EREIRIFEETCH D 300CE TRILAZZ ENGND, —F. X —F >
MZKBZRTE SHE LKA T, RO A4 XLEBE M 1O HIK
WHHE =7y NTOENEKEHRKT30kPa EEEL CEHFHLTHD
e, IhEmETHIANMEIITS T 705 1.4mls £ 70D, - T,
=7y PAOMETBREINTWDKERY FHEROSLMET 1.1m/s
MNH 1.4m/s ORI N REE & 72 5,

KEEBOWMNIZ LD F—F vy PEMBEOTZOD—V 3 IZHOWTIEL, K
TONAT UV ZAOMNEIZKEZR L TEHAIL ZFEBRW ML T
RO X Tk DTnB[27],

ER=1.7x3.1xV (2.5)
ZZTERIF=uE—Ya rE (pm/1000 FEHE) ., V IiZ KR E (m/s),
L71ET7T =207 Y X OREREAZT+T0%DME %2 B L.3.1 1LFEKR T
BonpifEETcdh s, ¥—5 v MESOMEH A EE R F i
X A2MBHBEEICIVEHESNN. ¥ —F v FOEKEREHRIC L T 2500 K
MW GRPE) 2HEE LTV, =47 v PADWEE LT, 4E FEi
L7z Efgir kb o2 b bE WV 2m/s ZHELZEAE. ¥ — 7 v b
RN THRLBMEDORKEL 2D No 3B ALDDOHEIX 4.8m/s Th D
D, ZOFO=Zr —Ya VIZXHABHREILZ, FAT63um THY | 7=
EZEBFEFHEN 2MHEICEDRZE LTS 127um ThH bz r — U 3
VIEMEC R W EE BN D,

IO RITED 2228 AT FE— A5 T. B M®
FroBa»6, SMWHEBOKBY —57 v a7 v X7 v — ARk &
EFHWTHRSLSEGIRAARELONTE, ThERIET 5K OELRE &
LT, EHBEOKTENER & N O LB L0 ST TIEOZ S E2 KR
aLT,

2.3 EEYV A X0RBREETHVEZAKKE EBR

2.3.1 EREB LA EFIE

Fig2. TI3FEBRICHWEZEAKLV—-TORFERTH D, KIZEME 3m3 D X
VI ML R TERANWTEY =Ty FRBRAE~EHE IS, R OE
W 1T bm3/min, £H R X 50mH:0 ThH D, Ao 7 b0 ANEUT &
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LZAROBE LR 22570, =7 v NEBRIEREH OISR
HELTHD, KOWEITA L N—F =2k 5K FEEEEOH HEIC
LU L, EMmE TEAIL =,

2 —4y NNOHESMIL PIV 2T A2k EEILE, Fig.2.8 12
Mz R7d, PIV Y27 A, ZHWEPICL -V =& KT 5K
MR A (=T g 7k F) ZIRGEIETEBE, FHFICEVEMMER
THRKHT 2 VAL —F—CRHLT CCD W AFI2LDHEBERYE
TH2,. 2N E2EBOUHEST 2 Z & T, BEEAICEK L2 Ko @B Lok
TOBBEBEBEND 2 RToEHNOR FOBEEE A, Tobbitiko
HWENSMERDODDLFIETHD, V=T 4 V7R FIEHREORNIC T4
CBERL.RACUEECBBH T2 L02RET D, REBR TR 1 5~
30um,BEHEE 1.3g/cm3DO~A 7 a7 L THDT 7 A& (H
% . DU#461, HA 7 0 74 M) ZH W, =7 2 N2V iTHEAL
tVV=sy,/77 V=) OoR)~w—%3% L L., BiaAlLLTA
VTR ENG BT AL LR ERTF Th D,

Fig.2.9 1T KMEB EBRICH WL KB X — 5 > N EBEBRE O H &
MThd, ZORBREKIIHFE—20BmERSEH I 68.8mm X IF
100mm OEFE A EZHEL TRFIFLTHY, AEBIR., FEIE&EH L
A=y BRI THDL, L—F—— & CCD I AT HHA
Ao PIVELAZ H W THHE O oA 2 JE T 5 72 oI s BRIk 2R
FZER T 7V VR THY | WK STEIXZA2ERE 1150mm, 1 460mm T,
E—2ZBHoOEmIIE 100mm ThHhs, MK FmLARERITIRLCFOD
TeDIZH T ~mr>T 1/100 OARZRIT THH, REBOE S X
122mm ThH b, /-, BEO A D, HOIIEERHIC =0 L85
WMEFHFALTHDL, 77V NVBMORFHFEBEITIANHRENICHZ ONLD XD
IZ 15mm DR AR ZF-HETH 5, Fig.2.9 O v F 2 7 Txr LR
100mm OB FE—LHHFHEKkZHEATELAIZAKT 27 L — K LI
T 28EREZREEL, KEXE T2 —2REEEZELT2HAE.
Thbb/ox2A7a0—%2FR T2 LTS, UTFTO#E®m T, 7
L— PR OFRKIC Fig. 29 - T Lo FE 52 TRML, £/,
22—y FRABRERNOE - — 28 FimoOME e — 2B ONBER
EHERE O L L TET,

BRSO RABE I — ARTECEY— VLR BT
E— AT R )X —1.5GeV, H 711 BMW OS54 T Tk 2.3kW/em3 12 29
L7, BE— MBI A~KLEZELS Nol i ITMEIEZ KEIWY ., &
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TR E A MR Lo, —J7. No.2~No.4 ¥t B 13 R 512 I B g 2 5k < 3
52 &ET, E—LABPLEEN DU IR HAY IS T D BV
(IS Lo BRI LT,

B LA BRENE TCOL—HYF—v—F0EZZIMEI T 5720, &K
ik z T 7 UV OKENICKRE L. PIV & TR I®E DM E 2z 17

> 72,

2.3.2 EBE&MH

Fig.2.10 [TKRWEB O BHIZxF L TRIC LA 2 v X% (Re) L7825 K

WMHEL R LD THDL, RelITRROEHIITRSIND,
Re = UL/v (2.6)
U: Jit i o fRFR &
L:inhOoRBES (F—F7 >y PADOMHYELE: 0.138m)
v Ui A O B R AR B
HARW D56 CIEME 2 MIKIZIRE Y O IL Re DA TR E D0,
HEmMIZIIKOME ER TARKBORN G Z THAETHD, EEOF
— 7y P TRHE—L2ARFICEIDIARRNH DO, KEBORE EAHICTX

DENKEERER O N EAL LT Re M40 10%REEMMT 2 EENE X5
NDB, BICART X ICKIREERSMIT TIHEEL AL X T Re DENE
fELTh, BERMREN AT - ICERELSEREB LNV EB G-
TWwb,

EBRHAOFBEARKITHFIRQOC)TH D DK LAKEY —F v bOEG
TITALOKBIREIZSOCTHY, Fig.2. 10 T Z N LN DOIRELRMEICE
TFOEBHEREEH T ReZHE M L, 2T O TEVRMEREZ A
L&, HWIRAKEHWTE0COKBWE DO AR LA NV AEERET D
ZiE, KEDOK 8.2 (FOWMENMLE LD, KBX¥—5 v ho AAf
BT KMMERZDOIE DB RKZEZE L2 KA T OMHRESC., KEBIEH
Ebdza—YarBilEo®BAr5 Im/s LT T 22 E2BEEE L
TEY, 2NZFIEKCTEET DICEHRK 8.2m/s O A M i #H 23 & B T
o5,

RKEBRTIET 7 VNV KORBEELMERT 2720 Kt #E X T 50
JEERZRFEFL . RABREOLEREZ LT 572D, ¥ —7 v FRABEBRE AN
WEH X 5m/s LR & Lz, ZTHiT LA 20X 805000 TH Y . %Ik
LKA DFHITA 0.6m/s ICHY T H, 22T, ERART A=K L L
TH =7y PABOFE Im/s 75 5m/s D #FPH THEBER A 1T - 7=,
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PIVZHWTEHHLAEZWESMIT, 83 K cWRIENEGE 2 RLH
FEEE ECEELELOTHY, F—F vy PAOWNLEG ZERITEK
T EEFHkARY, L L B TFE— 2R EBICER L TRARAT, £
TEMUATRNSE A ER LY o X 7o — o5 SN G I e
TWDNENZ i T& 5, PIVIC X 2 MY EiE Fig.2.9 IZ 7 7B
Ko ETFTHFmoORLEBRBDKFEEE LT,

2.3.3 EBRER

(1) XK$BF¥—F vy PN TORESAA

Fig.2.11 7» 5 Fig.2.15 IZFEBRFEROEE X7 bR ERT, ¥ —F
Yy MO EICEE LR — AR EIK LT L — N o E ik
BICEALTHELZO T, AR, HAMBKO —&HIZZ A2 > TW
L, MNOEIFMEIZHFAT LN, ZNELOKTY —7 v FA
NDOHMESEUENREI D, AATOHRERZ ML 2R LCESICH 25
LT, A=Yy PNOHRNBEOARNE = ZHEBELLTSLTH D,
ALM O T L — FEEE No.1 205 No.4 il » =i NVITE B — A
PRGOS SE I 2 MR IS BB D . 2ok, Ao L — FHEEK No.s 2
5 No8x#io-~TH¥—~7 vy NIONENTEY , REMREAZITED
AOf#EEECHLELU LERRZ - E2 R LTS, L2 LA DL, No.3
D E WA £ — DB EEA~TAT DHE 72 TiE. AR i®E»NE
WiE TH D 1m/s (Fig.2.11) KO 2m/s (Fig.2.12) OHF A TlX., 1
EFOVRWARREOZ G LEEVWAROLND, T74b05, Nod3 Kb
H 72N Nod O ~KRE TN v No.2 & No.3 Ot iz
HeFENz x=150mm 75 400mm O #H T+ £ — & S fE i IC K&
RARVEE I A AE T TWD, T hiE, KR E O 5 A 1T E R OB R NS
<, FENo3HBERHEN VR WD, MEORK L OFRLIKIES T
GIZBENE RN EET D Nod o IZs EFELND Z & 0E
KeEBEZOLND, ANAWEN 3m/s LW RKR&EL An L, EHHEOEMNK
<720, No3 il b OMEFITE > B IZH 7 B — & MG 6E~i
FUiA F . Fig.2.11 X° Fig.2.12 [Z A b v 7z £ 9 72 K it o fH 3 28 % < 72 o
TWb, EEOKRY -7 v FTEX =7 v NEBOKBOW AN %
Rt D7D AKEOANDHREIXZ 0.6m/s L ETHY , KiTENEBR TO
5m/s UL FICH Y+ %5 7= Fig.2.14 5 Fig.2. 15 ICA BN D X 9 2 &
MEFEORNNNE = ERERENSG 720 No.3 oM n o Xk
O 72 B B — A B S BE B o0 g BV B B 1T R & A AR O Jk A8 AR Rk
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HZElFhwnweEEZOND,

KB ZHBHET 28R T, I LA/ VXD KRER Fig.2.15 |
ODOWNWTHNGEZFHE LI ADZ LICT D, FIMEAD TONYEHE %
9 5 &, No.l ii#&i% 3.8m/s T —7% v M AOWHE 5m/s & V& T1IK
WA, No.2 it 1E Tm/s. No.3 & O No.4 i # Tl 10m/s & it 36 25 &
<702, MEHETIEH., Nol il 2IMED 40%% HH TE Y, No.2
1L 82%, No.3 & Nod4 iz EbHH b 14%TH S, No.l it i 13 &
LEAMOBWE —ARBEHETLZHATHWE THY . MEHAH Z K
LbZLTHHELEBY OMEBR DITR > TWD, 7z, KB DI NEE
DEV x=0 7225 450mm DOFEH TH v — LA RHNEKAZ MU 5 7 7 X
7 —mNNEBR TETWS, x=450mm 75 750mm D [ 1 B — A
BIEEIC T RE R EMBHEALNERL TN, BEAER DR WD,
B e R ITAE T 720,

(2) BFE—L2EICERTIHERD

Fig.2.16 |3 & — AMICEAT T 2 HEK DY, O, B+ v — Ll x
o fiE RrT . WTITROANREOLA L BVAMO RS KX 72
E—A®EHTY, b REL Lo TWD, Fig.2.11 »» 5 Fig.2.15 T
3% K912, No.l 205 No.4 O i B i AL I8 F v 7 By Ak © F it ik
TIRWHE DO EE AL U, 2D Fig.2.16 T HE 510 O 28 722 B 08
MOFR E 72> TW5bD, FIZ No.3 MEITMmMER SN 14% &L Dz
W, ED FHO x=200mm 7> 5 350mm O F IR EE 24 2 H L T
W5, AAWIKE 1m/s & 2m/s DHB ATV, BIFELALE0THY, AN
MENRKREL Lo TH ZOBEEEFTIXY, OEMITLEALAEHEMETIC
Im/s L FTHDH, ZOFRKE LT, 727 U LB OEGR RO E
NELSTERBLEZEREZLN D, No.3 it O jit# L No.4 i i
ERBEICHY =7y PARWKED 2 FICHELS RDTEH, XX —ADJE
HIZ XV ENDPE T 5, No.4 ¥t &1 A 0 23 58 [E 72 30 B (K BE il & B
LIZ< WA, No.3 i ITE WK TR SN TE Y | JEJ) 2 T m A
ML T D HFMA~AERRDERET SHE, bbb ERVWIRKIETH S
D, MEDPRKRELSBATHHEREZRD, No3 OO X5 REAN
DEFBIT, BEBEICEBRTICBEEBINT, ZEBEOXY —F v NEBITAT
VAR TR MmEZREDL, L2rb KBWHEX lm/s LFTH D720,
ZOXIRBRITAEL 2,

No.4 Jii ¥ O ¥ & H & 1% No.3 i & FERIT 14% & D 72 v 23
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¥x=450mm 205 750mm O B — AW HEKICA L 2 BHERKE SR
LCENEML x=400mm TV, O RKE b —2JHLAd, TR,
V, 234 LT x=600mm T O &2 I HICADHEIZRDND, ZTHITH
PEER I O LA x=600mm THDHZ L ZRLTWND,

Fig.2. 17T 1T A D i#E 5m/s DA T, B2 — 2o, KOy Fn~E
WAL TS 30mm Z BB L@ LoV, o40mE R L TS, W
Thof ETcbRRKBEIZE—2BIHFETELCTBY 0, Emmln
O TR A~BE T LIV, ¥, BEIMLTWD, ZHIZHRED B — 4
WL OMWMBEREMNELS 20, =7 v NRBORELF 2Nz 255
8 <

2.4 KT EYET

KIREN S TOFERA R &M R 2 LT 5720, Kik# T =
Tolo, MATET NVE FIEDT 2.2 HOKBIRBEIMFST ERETH D, K
OWREF=ER (27C) &L, #—F7 v PADWEITERSME &R
Im/s 775 bm/s ODFHITOWVWTHMFT 2T o7, KERBBBIETZSEL TW
AN

WTFNRDOAOREDOERMHETEH, IrTHLATLLRNEG DN — 0%
lim>TWnarew, REMBLFERLELLTARRHE bm/s Ot %
Fig.2.18 127”9, 2 & ZHBHHE R O Fig.2.13~Fig.2.15 & kw5 25 & |
EEROWNG DO /XY — X AAJE 3m/s 705 5m/s O EBRFE R & IEH
ICELS —HLTWd, BE—AEEHEOHE WS No.3 it & H 0 0K
W, F 72 x=450mm LA OBMERIEN L EERM L TR O L2 R
P72 NES BEIATWD,

— . Fig.2.11 X° Fig.2.12 e E KM B EBR O KM E L TR L Lz
No.3 Wit #& T it O K & R W L. M TIEHH IR0 o7z, HLik
ETNMICHERHLEEE k-« 74T, o EAXTHLFET - X
=27 ZGFRAICKEMFEHOBE A2 L7V A 20X HRFERX O IE#
HaEeETHMET DO THYI[26], tx . EF RN ZHEL TWVD
O ALETIHEFEOBNTAL CIEIBENEL 2D, KiidhER
ORI E G TlE, No3 i D E N E W=D JHH O FE 135 0 & #)
B INTHRADARLZEIZ Y . RETHICIEEE MO RV IR
o TWDHN, MENELS 2213, MoEEEREMENKE L 2
D.MNFMOREENET EZ 20N, MBI Cld, EFBORENAE
ELTHMITZIThb 20T, RIKESFHFIZE W TH WIS & FAR
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Mo EHER S D,

Fig.2.19 I+ v — 2l (x ) Zh o7 y FAoOmEKDV, O
MaxERBEREHEBRLENTHD, V, OMAITERBEREZBEIHFIL
THEY, FICEBBICEL2RRAZHH T 57O 0+ 52 ikENHE S S
NOZBEDHDE—LBEHETE, V, OEPR —HLTWD, L
L7225, x=200mm 7> 5 300mm O & PH T 32 Br E 1% 2 H7 i 0 9 45 @
Lo TWD, Tk 2.3.32)i Tik <72 X 512, FB TIE No.3 i
BORWHHEICLY, WEORKE & OFE 2 TERMKNSER L THtE
ML 72 JENHEEZE L T No3 O ENBWAD Lz & NFK
EBEZLND, TNEVEFE— L8O FHM TIE., Nod N5 D
WA XY x=400mm fEICA L 5 E— 27 2 x=600mm TV, OfEA 0
ERDOIBHEBEMOFLOMEBERYE, EEMNICES —HLTW5S,

Fig.2.20 3% —7 vy FPAROKWHEIZKT D, #—F v FET VT
AN TOENREOESGZ R L TE O B o6z K #E I xs
THLVA NV AEERL TS, AAJEH 1m/s 25 4m/s £ TIlL FEER
il & AT 11X 0.56kPa UL FOME LN W, A K #E 5m/s TiX 3kPa
DHHEELERD ., ZHITERMO 11%TH 5, EB TAOKEE 4m/s D>
5 bm/s ~H M 2K, No.3 i O A OE TIE 10m/s & B 2 2 it &
XV F YT —va VORENBEINTL, TR, ADRE 5m/s
DBADOHR, EHHEEOERMEPRKELS oL FNEEZOLN S,

INLOREIT, F—Fy PABmREDL 3m/s L E, VA L XHIC
LT 4.83X105 L EDEMHETIZ, #—F v FET VAN O KIS O i i
GBI CERHFICHBE TRl LE2RLT WD, EHOKRY -7 v
FOADTIE, TNNXEYVRERLVA I AVAHTARKBEZRB ST D Z &
FEEThHLI EEZOLN, AFETHWEMFTFa — NI ¥—7 v NEER
NIZBITAKRLKBOELAL ) VABENERITTH5DICENTH D
EE XD,

2.5 EHBABRBFIY—F v NEBOEET —FIZX DKL

2.5.1 EBARFY—7 vy NEROBRB M KM

J-PARC Bt EFIR OB OF#E TiX, BFE—LxT X/ F—
1.56GeV, 7] BMW & L TW7R, ZD0% O BKAREEE - B0
REBEFALHBEABELICELY, BFE—LZ XX —3GeV, )
IMW ~ & SR ERE I, KXY —47 v hEZRD PG E2 & Kb
TAHEDIC, BREE % 100mm 75 80mm ~# H L. ®IEMZ EE
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LCKEBOERREZLELA KT HOICT AR EMEOET2ITo T, &
WHOX—Fy " R&EaEEE Fig.2.21 12037, T b HzR5tr ik
R LEEAKBRY —F v PEHIZONWT, RUBETORALEZEL -
BN\ B iR AT A AT o 72 [28],

AR+ E— 233X —3GeV, 1) 1MW & L., K53 25 E
DAL F G M ENZEEH W, YWRFFICHETLEEF B —
LAENCEEZRBEANO B TIIRLS, MESZTMEIND B E—
LDZEMTa T s ANEERIIHTTZASMROBEIEE M E L, AT
v A8 (SUS316L) A#ABESKIGMR, B — A X U TOREEE Sy
ML TERE L, Fig.2.22 TR OBEABEEL O R X W7 B — Al
Ch ol ORiER"T, ZFICKBORRABEESHDT 4 v T 4
7 X% FRela =7,
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AAFHOEGAE, KBEX—7 >y NNOFEAEITK 500kW & 725,

BIRE RN O FHEIX 223 MHMIC AR LD LRETH DN, L ED
X QUICK X v v ¥ E om LN &5 MARS ( Monotone
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Fig.2.1 Structure of Cross-Flow mercury target
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Fig.2.2 Heat deposition distribution in mercury
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Fig.2.3 Analytical result of the mercury flow field
(Inlet velocity: 1.2 m/s)
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Fig.2.4 Analytical result of the mercury temperature field

(Inlet velocity: 1.2 m/s)
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Fig.2.7 Water loop for the target experiment

Fig.2.8 Experimental setup of the PIV system
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Fig.2.9 Experimental model of the cross-flow type mercury target
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Fig.2.11 Experimental result of the water flow field
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Fig.2.12 Experimental result of the water flow field

(Inlet velocity : 2 m/s)
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Fig.2.13 Experimental result of the water flow field
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Fig.2.14 Experimental result of the water flow field
(Inlet velocity : 4 m/s)
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Fig.2.15 Experimental result of the water flow field
(Inlet velocity : 5 m/s)
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Fig.2.16 V, distribution along the central axis (y=0 mm)
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Fig.2.17 V, distribution along the x-axis in the proton beam path
(Inlet velocity: 5 m/s)
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Fig.2.18 Analytical result of the water flow field
(Inlet velocity : 5 m/s)
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Fig.2.19 Experimental and analytical results of the 1, distribution

along the central axis (Inlet velocity : 5 m/s)
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Fig.2.20 Experimental and analytical result of the water pressure

loss between the inlet and the outlet of the target model
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Fig.2.21 Structure of the mercury vessel for 1 MW power
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Fig.2.23 Analytical result of the mercury flow field
(Mercury flow rate : 11.4 L/s)
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Fig.2.24 Analytical result of the temperature field in the horizontal
plane at the target center (Mercury flow rate : 11.4 L/s)
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Fig.2.25 Analytical result of the temperature field on the outer
surface of the target vessel and the position of the

thermocouples (Mercury flow rate : 11.4 L/s)
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Fig.2.26 Comparison of target wall temperature between the

analytical prediction and the measured value

38



= Measured value >’
x{

Analysis

100 150 200 250 300
Proton beam power [kKW]

Temperature rise of mercury [C’]
O =~ N W & O O N

Fig.2.27 Temperature rise of mercury in the target vessel
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Fig.3.2 Schematic of the test section and the needle nozzle
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Fig.3.3 Schematic motion of bubbles appearing on the top wall
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Fig.3.4 Photograph of the bubble image on the top wall and the

schematic bubble shapes in mercury
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Fig.3.5 Assumed bubble shape fixed on the top wall
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Fig.3.6 Dependence of radius conversion coefficient on the contact

angle

52



60
€ 50 }F
€
o
N 40 F o <
o}
C
©
< 30 F
g A 0.57m/s T
“é 20 F A0.7m/s
S ©1.0m/s
n 10 F .
A ©0.57m/s(5cc/min)
0 1 1 1
0 100 200 300 400

Bubble radius, um

Fig.3.7 Experimental result of bubble radius and the distance from
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Fig.3.8 Bubble rising velocity evaluated from the experimental

results
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Fig.3.13 Ultimate velocities and the experimental results
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Fig.4.1 Photograph of the mockup mercury target model
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Fig.4.2 Dimensions of the mock up mercury target model
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Flow vane unit

Contraction unit

Swirl inhibitor unit

Fig.4.3 Photograph of the multi swirl-type bubbler
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Fig.4.4 Locations of measurements on the mockup model
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Fig.4.5 Experimental results of the bubble size distribution
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Fig.4.6 Schematic of the bubble motion in the mercury flow
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Fig.4.7 Initial bubble radius distribution at the bubbler outlet
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Fig.4.8 Comparison of the bubble radius distributions

(Analytical results were obtained using Peebles equation.)
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Experimental equations
— Peebles [32] ---- Takemura [34] --- Schiller[39]

Fitting curves
= Equation (4.1) == Equation (4.2)

4
o Needle nozzle
3.5 experiment
3 )
A . .
\ Evaluation point 2 at Cd=2.4
2.5
Evaluation point 1 at Cd=1.6
o 2
(&)
1.5
1
05 I T -
0
10 100 1000

Fig.4.9 Comparison of drag coefficient evaluations
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Fig.4.10 Ultimate velocities calculated from the drag coefficients
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Equation (4.2)

___O___

—8— [Experiment =—O=— Equation (4.1)
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n O uwn © 1n O O o o
NN N o =S w1 O — i o
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Bubble radius, um

50

Fig.4.11 Comparison of bubble radius distributions

(Analytical results were obtained using equations of (4.1) and (4.2))
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Fig.4.12 Comparison of the bubble population density at the
locations A, B and C with the experimental results
(Equation (4.1) was used as the average drag coefficient in

the analyses.)
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Fig.4.13 Comparison of the bubble population density at the location
D (Equation (4.1) was used as the average drag coefficient

in the analyses.)
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Fig.4.16 Void fraction distribution in vertical cross section at the
mercury flow rate of the experimental condition (Mercury
flow rate : 7.5 L/s) (Void fractions were reduced to 2% at
A, B, C, and 4% at D of analytical results)
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Fig.5.1 Void fraction distribution in vertical cross section at the
mercury flow rate of the actual target (Mercury flow rate :
10.3 L/s) ( Void fractions were reduced to 2% at A, B, C, and
4% at D of analytical results)
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Fig.5.2 New bubbler position to improve the void fraction
distribution in the vertical cross section near the beam

window
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Fig.5.3 Void fraction distribution in vertical cross section at the
position D with the new bubbler location (Mercury flow

rate : 10.3 L/s) (Void fractions were reduced to 4% of

analytical results)
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Fig.5.4 Concept of the new target design
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Fig.5.7 Design of a perforated plate
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Fig.5.8 Influence of the hole diameter of the perforated plate

on the pressure drop at the bubbler
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Fig.5.10 Bubble flow track in the mercury target of the new design

92



1.2

Q 10 B

3

§g 0.8 F

o ©

o% 06 F

T >

§§ 04 F

=

= 0.2 F

2

00 [ | [ | [ |
0 20 40 60 80

Height, mm

Fig.5.11 Bubble population distribution in vertical cross section
near the beam window in the mercury target of the new

design

93



4
A 3
| 2
1
0
v 5
i 4 ”4__——3.7 m/s
'E ; : /1.3m/s
S 1t [
>
S0 H
GLJ -1 1 ] ]
= 0 10 20 30 40
X, mm
Detail A

Fig.5.12 Mercury flow field in the mercury target of the new design
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