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Abstract

The central and the western region of Inner Mongolia is located in the northern border
of China, which covers a vast geographic area. There are six deserts in this area. The
climate here is dry and windy, so sandstorm occurs frequently. There are a large number of
steel-structures surrounding the deserts. The coating surface of the steel structure facilities
long-term erosion by sandstorm so that the premature failure, make steel structure exposed
rusted, results in the decrease of the safety and durability of structure. Therefore, analysis
of steel structure surface mechanical properties of coating eroded by sandstorm, study on
erosion mechanism of the steel-structure coating in sandstorm, and proposing a method of
evaluating erosion degree of the coating which has become academia and engineering
urgent research task. This thesis based on analyzing the sandstorm environmental
characteristics in the central and western region of Inner Mongolia and the physical and
mechanical properties of the steel-structure coating materials, using the combined method
of theoretical analysis and experiment, analysis of the mechanical behavior and erosion
mechanism of the steel-structure coating in sandstorm, and proposes a method of
evaluating erosion degree of the coating. Finally, analysis the similar of experimental data
and the actual working condition, making the results more realistic. This subject is
supported by national natural science fund project (Grant no.11162011) and Inner
Mongolia of natural science fund project (Grant no.2009MS0706). Specific content as
follows:

1. The thesis analyzes the sandstorm environmental characteristics in the central and
the western region of Inner Mongolia, and then determines sand erosion mechanics
parameters (sand particle characteristics, sand speed, and sand concentration) .

2. Using airflow jet with sand to conduct erosion experiment of the steel-structure
coating in sandstorm. Observed the erosion morphology of the coating at different erosion
condition by using the scanning electron microscopy and analyzed the mechanical
behavior and erosion mechanisms. Results show that the coating appears the micro cutting
furrows along the sand flow direction at low erosion angle, and with the angle increase to
90° , the coating appears a vertical impact craters.

3. Study on erosion mass loss relation with sand erosion mechanics parameters.
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Applying electronic balance to measure the weight of specimens before and after the
experiment, the result shows that the erosion mass-loss of the coating is up to maximum
when the erosion-angle is 45° ,showed between plastic material and brittle material
erosion wear characteristics; The erosion mass-loss of the coating is increasing with the
increased erosion-speed; At a low sand dose, the mass-loss of coating increasing with the
increased sand dose, while at a high sand dose, the result is the opposite.

4. The thesis proposes an evaluation method and the corresponding evaluation
formula to evaluate the erosion degree of the steel-structure coating. The thesis also
compares the calculating results with the test results, and verifies the feasibility and
reliability of the evaluation formula.

5. Using the similarity theory, the experimental results and the actual working
condition were compared and analyzed, the study result show that under the condition of
the highest concentration and maximum speed in this experiment, the erosion wear result is
equivalent to suffer erosion wear from 5.5 months to 7 years in real sandstorm
concentration areas of the central and the western region of Inner Mongolia.

Key words: Steel-structure coating; Sandstorm,; Erosion mechanism; Evaluation method;

Similarity theory
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gia PREPWXEREER, 2% &R FEFRAEIRER, b EYD
DR SEAZ TR 34", WK 2-2 Fir.

PE BB B A o B AR S R . T M X R P S R, R AR A
W2, I 76.9%M¥> A FERKIFET IR AT .

P S PR 5 e 5 ] AR R PG 5 PR R WA A AR, AR IR
R 15.4%. MR AR BRI AARAMGE ., SRR, YRS

T B S e YO B T SRR SR AR AL A S X R AR IX . bR R R R A
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Fig.2-2 Sandstorms moving path
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F_E ARGT AWK IRE S

AL 60 FEARE 90 EAR, VWA RAERBUESAR R TR, 60 FERDLRK
A E S BAR ) 33%, 70 FEAR LG 26.4%, 80 EAR Y 13.6%, 90 SEARNIEE D, & 7.7%.
Forr, 1966 E YV R BEIIURE, BORVEH KD R AEIREON 64 k. 1991, 1994,
1997 AW R BIURKE, BAREBRGHEMD AR, RELEEHR TR, HZN
1998 4T XA m it BN 21 i, AR R A RECUR Bt in, 2001~2010
EVP R R AR SR 13%, o, 2001 HEikFRE, ZJEIFMIED, 2003 4
WARRIRE D, 2004 FIFIE BRI IESR . 2011~2013 FFIPD R R ERE—EAE
10 KA

~
o
T

L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Fin

B 2-3 1961 F~2013 F A K& F B3I RK I L FRR I, A
Fig.2-3 The annual distribution of sandstorms between 1961 and 2013
in the central and western region of Inner Mongolia

2. W RW H oA

X 50 AF N 52 1 H PG ER I X VD AN R () A BORLBEAT BB A, XA TR AR A [
=N A BV A8 B R AR T P AE, 2] R P9 52t o o B DX b 2 R O H A A
LK 2-4, WNEHRTLEW, KAEWDADRFRRESIERE 4 A 3~5 ARSI KK
R T7~10 A, BPEMKEET . S0 G~5 H) KAEMZ 528 KAEMEL 82.0%, 1K
R A R A 0.5%.
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Fig.2-4 The monthly distribution of sandstorms

in the central and western region of Inner Mongolia
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Fig.2-5 The hourly distribution of sandstorms

in the central and western region of Inner Mongolia
4 2-5 FEB R T AR R LIRS 2 H AL, 21 H P9 5 o i X
IR FREN AR 2™ R, YDA BRI 2 R B 08:00~20:00;  14:00
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F_E ARGT AWK IRE S

IBRIMAE; PG 14:00~16:00 ¥R R AEIEE . X2 H T IX—iBaE i RS
HIRSTRATE, BB LR,

232 AR E) DT

PN ST TR B X YD 2B BR A 2 B AT B L 2-6.0 F RIS R o BB X
IO BB RENR B VA R R S Bl B IR AL At X RV B B e R X B
D3PI DB R R X, 40 SRRV AR R AR SR KT 25 H™.

) ¢as

[5) 2580
B s.0-00
S 10.0-15.0
B s 00
B 2050
=0

.' 5‘% = 5 ¥
.,e*?ﬁ% . o 'm&\
_r.xx: ! |
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RVERR L - 3
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.
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B 2-6 NRE T HIFMRE Y2 RZE oA E CfAa: A)
Fig.2-6 The spatial distribution of sandstorms

in the central and western region of Inner Mongolia
2.4 PUSHIEBEAMNZESH

AL LSRR 22 Wk X AR SV OB o R, WS vb AR B i ) S8 EA
FUDBLE P E SRV, B AL R, 8. db RETHAWIR T, R el
%, FIRRovME G 1, TR e, JEEOuRE R, SR 145 T3 AW Ik
Kb 338 3 58 T B X 10 2 B YR, e UM AR s B AT B Y R T SR SEFR
X

IR BN L E T A B R DAL T AR AE « D PR e Ek i A0 XD (7K
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2.4.1 XU F4FE

I IRRL FIREE 2 52 M b R Z 0 FE (1) — DN BB R 2, 2 s miR Z R b ik B
AR R EAMTIR R . Wk PRI 1 BRI R B Rk AR o
1. PRI HIRLAR
KRG IEI T T FEAR ST B RDRAR I A A G O, 70 45 a0 R 3R 2-2.
R 22 ARSI R KA AR A

Tab.2-2 The size of sand in KuBuQi desert

RLAE/mm >0.5 0.5-0.25 0.25-0.1 0.1-0.05 <0.05

Ak 0.60-0.72 1.64-1.84 49.88-52.44 36.44-38.20 8.16-9.72

HE (%)
SEHAH 0.67 1.75 50.80 37.52 8.95

H1 2 AT 1 PEAT ST Vb B RDRLAS 3 B3 AT AE 0.05mm~0.25mm 2 [8], FE UG IXTA] A )
b7 &8k F) 87%LL E, 0.25mm LL_EFT 0.05mm LR BT & LA L 10%, YRLH
bt b —, PR, HHEAR .

2. WHRLHITIR

B 2-7 BRI DG B b RSO B, BT RAE DRI TEAR K 2 4 2
BB, KA DE = AT RIBRAZTE, X2 BTV RITE K I 8] 118 Bl 72 v s it
F ] o

B 2-7 WK

Fig.2-7 The shape of sand
2.4.2 RibRIRE

JRGED I JEE R 8 0 28 2 A 5 55, DRI R IR0 e ST % J2 o e B 453 Y — > B
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F_E ARGT AWK IRE S

Fabr o RIGETE I A3 RN BN 15648, NS P oE b X 4 A 112 KU — R
F 3m/s, ZHIX R AT, KIELZ A (E Om/s~26m/s, AL IG A (<dm/s) R
HH LN 200d~300d. KRR EBERAEMSEEZE, LHE 8 9 (17.3m/5~20.8m/s) LA
ERIRRE, SIS M 1S R R E T ANRGE D N 13m/s 16m/s< 18m/s~ 20m/s-
23m/s+ 26m/s F1 30m/s

£2-3 R (Rag) S8k

Tab.2-3 The grade of wind-speed

TP A RS AR TR (m/s)

Ry e M :
N X3 i B
1 0.3~1.5 1
2 1.6~34 2
3 3.5~5.5 4
4 5.6~8.0 7
5 8.1~10.8 9
6 10.9~13.9 12
7 14.0~17.2 16
8 17.3~20.8 19
9 20.9~24.8 23
10 24.9~28.8 26
11 28.9~33.6 31
12 33.7~38.6 35

2.43 RiiRE

JTD I P 2 SRAE VD AR AR FE I 53— DN S, R R RE I E
BhR, AR JZ A R ik B 45 ) EATR FR . SCHk (3914538 1 IR 4.24 s
AR B AR VD AR AR, VDR BeRImZ HT (4 H 23 H), PM10 H-FX &K
FER 36.7ug/m’, IWARMREERAK, 4 H 24 HIbASKRIGI YDAk B2 R AR IRGE T 15 200 £
%, PM10 KT 6500ug/m’, 4 H 25 H PM10 N 2469.1ug/m?, 4 A 26 H PM10 [4 %
780.8ug/m*, W] WL AT — BRI A . 36 2-4 J2 SCHR [40] 38 St 1 4F K 3k,
VD AR R AR RO S, R DA R AT T B 2, FAA BRI SE 1.

oy
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F 24 AT HAMIRIELE) 1 R RAGHR (A5 mg/m?)

Fig.2-4 Classification of dust and sand storm basic on particular concentration(mg/m?)

WRRSDH TSP IRFERRAE CZNFED
TR 1.0<TSP<<2.0
wib 2.0<TSP<<5.0

VAL 3 5.0<TSP<9.0
CLISUbE S >9.0

AR S T 7 ) TR VD RARADL N 52t b P AR XS [RIVD AR IR EE T AR R, bR
79N 90g/min. 150g/min. 240g/min+ 300g/min 360g/min A 460g/min, FIVFHK
RURTI-F VN

2.5 RE NG

AT I TN S T PG A XKD ISR AN YD AR B 1) BT SR, A LA
A

%

1. WARRINNFE Bib. AR RS,

2. WEW RN NEE LG =5k Ik, PEgAmdb%, HArdx AL
FRE I NS TR ALK

3. IS P X b A R (R I TR 23 AR 2

(1) WARRE AR 60~90 ALK KD, 2001~2010 A 1 %,
2011~2013 FFEIP LR AE—BAE 10 R H B

(2) AAtEol & R KA RN 4 Aty, sk 3~5 A, (RKIIHE
KM 7~10 H.

(3) WK HAEIG IR Z K BEEPAE 08:00~20:00, 14:00 & 2IHRAH .

4. G S X b A B I 2 T 23 A 1 D0 D A B R AR SRR P ) 2R R RIS
A,

5. 00T T NS TR R X i ) S SRR E . WKL ARRAE . RO
FRIDASE o
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F=E MEWRE R HERIIES

E=F NEWIRER M EDHIES

AN VRIS 58 B 73t HABBIE FEAEREAT W T, AR SR % S50 AT H A3 73 S At 4
AR EREAT e B 45 L e B A8 0 A

3.1 LR 7 A—SRIKID IR STE

AP, BRI NS KR Z P B AT N, R
T, WA ZE LR 2 I B R O TS, ) Fob i B R LB 3 AT A, SIS
B RF A 3-1 Fios.

iz

HHE

Al %ﬁi
At

B4 = <:£> e
BEAN & wet

B 3-1 iR AR BRI

Fig.3-1 The principle diagram of the erosion device
LR E W 3-2 fra, Bl () S URZENL, B (b) bl BE 4 SRR A
Kl (c) AR E . H%, **i%ﬂﬁimEmm Bt T8 5WAHIE, SRR
7T AT DA ARG s R, VDR AT, R E A R bR, R
RN, ) RGN E Pk B . bk e e AL b,
FA LV AT R T Rk A
SEI6 BT VD REE E PEAT TV, B i S2 a5 . 87% UL b v Rk AR 4 A #E
0.05mm~0.25mm 2 [A], FifEHLE R —, HIELAR .
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ZREHE

(c) &
B 3-2 A hd AR K ik &

Fig.3-2 The erosion equipment
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BT NERRERMERIIES

3.2 iRV & R M RE

WUE 40mm>x40mm (8@ R, R 2 RGN LIS B HEAT Wi TR 1
P 7 I R AL BE BRI B R (SR FEZ9N 0.4mm) AN =38 fR M RERR TR (JE BEZI2N 0.6mm) 5
IR IEN Tmme R AR IRAGN R IRZ MY 2.1516Mpas M ZRBIEN
SEACHR BRI R PMERATIE , RN 4mm; RT3 RERL LI E A 5=
IG5 & om0 2.3Mpa. WIREERRY: IRE KB ERUR, ROMERYF, M 5RZ
IDERET R

3.3 i hET EXTEE

W 3-3 s, NeET R, REDEIE-T .

A 3-3 &KH

Fig.3-3 The sample
Bl 3-4 Fos AP E 2, (@) (b) . (o) =5k ESEse s . il ff B2 45°

TR FE 150g/min, PPVIGEE 258 18m/s< 26m/s F1 30m/s, B] UL H 24 Kb o FE 15
ANBS, HATHER IR IR, B AE DT B E iR &, RN 2 LRI, Ha sk
IR R

(@ (b) ©

B 3-4 Fikjs ek

Fig.3-4 The sample after test
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3.4 BRI ERNIE D E—— R RO E

A FH A 3-5 Froda it i1 R AsE, WL P2 R i J= 6 1o ik BB 4 S 06 i s () e
L, BRI S A L

B35 s F R

Fig.3-5 Scanning Electron Microscope(SEM)

3.5 IRERIRIGH. SR

WIEFERI NS EAR IR QI 3-6 57 IR 45 K I J2 A i ik B 451 SI 56 i 17
RINSEMEA . IRIZREBREUD BRI AL, ST R 55 5L

G
-

W3-6 & Z & & R4 SEMH 5%,

Fig.3-6 SEM surface morphology of the uneroded coating
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F=E MEWRE R HERIIES

3.6 iR R IRITUR LIRS A

3.6.1 AR AE FH TGRS

L. o B 47 S5 2%

AR S T SR FH )k B 45 SIE B 2% A T T

(1) KirFhifE: 0.05mm~0.25mm

(2) SEIHRE: =ik

(3) MHIESE: 23m/s

(4) KiFKE: 90g/min, 150g/min, 240g/min, 300g/min

(5) PhihfaEE: 15°, 30° , 45°, 60° , 75° , 90°

(6) kB TA]: 12min

(7) MR s 40mmx40mm B9 7 58 U 75 1M 2k 21 I 2 917 5 R J M e TR 1 2%
2. SEER AR S iy

FEFH H 7 A (SEMD) ML T B9 45 K4 i )2 LE A 5] £ FE T 1R v ok 5 453 1R T
Blo Kl 3-7(a) (b) M1 (c) il os 7oAy 15° L 45° M190° , v N 23m/s, FiT
W FER 300g/min, YRR 12min 545 N B i B ROW TSR . e IR %0, ik A
JERER, PP A I RIR AN A 1 77 R MR B . . i 3-7 (), TEARARE 15° WY,
B TRl 7K 210K, MPRLER T I T B B A ACE U HIRIE, RIPRK .
i 3-7(b), f£45° B, MEEREHEZFE—J7 R EEERRIR, RYREMR, 17
EGETE MBS, R RER T REMEE, MYTEREMLES, JRMEL
(Y77 TR0 AT SR B I, % J2 1 2 T KL v ok 2 B SCIR I T 30 » 10 S0 1) J8) R A R B o
] 3-7(c), FEMIAES 90° B, MBS USRI FT BB, T
S5 BN ML) DY i e 5% s PR IE AR BT Bl TR EOO D RREAT B R AR
Hu, BFk, A I Y w5 A R AR E 0, X L R H A R R T AN Tk
P 55 DL EE T RTE

RL-PA— € A BE iR R I8, 1 2000 i 7K 07 1) R B 970 82 79 F01RE BT 1) 1) 5%
JERLTT. Wi EEIERYIEIA LR, 538 F 2R IR KRG KT DR
MR R, WRJERE BT SR b T e AR R AL AN RIR, AR AL AN RIR )
L A PR TS IR, AR A Py, K7 2 210K, R 7KSF 5
W IRCTEIVE R & 325, #R4% Finnie PR IRGL DI EIZE IS, FEARM AR, ¥R 00 phik s
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AERE LI RFHMEFAILL

BARAHLEI AT B v T R, BB [H M5 N A iR R R T AR RS, s
B R ANAZ XA 2 RV 7 A A X

Bt A B B O, KT D5 TR DT 3880, T L5 A (5 s B 7 AN i
BER, SEDIHIE R ASWESS , 1M B0 s EE RS e . 2R T O EE A
177 AL AR VAPIR B RIR AN, BB, 8 MUBTAN R ALY = AL ORI IZ o 3 3 3
fi.

SR BN, REIZEKCT YRR, R BRI R BN 7 .
Rl 2ok B, R R EIRAEECD, IR RIZ B E R 7y, X
I T ECRUI R R B BLR Y, R R T I T i, SR DU A A R
WHT IR fEm A, RMERE TR iR e RE, BT ASSEIR T A4
EERITRIZFRVINE RS, FrA, e P b v i A o el B

1 IR T R, AEAR A BE R, KPR (R ) AR P S R AR ) 3
P, BEEESRE T IR MM pR b R RE s A8 v A B P i, T B A A B AR R R
JEROR N ZFE A, SRWMERE TR R IR IERE . BT A Seaa T AW S H iR = (11
JERAR, SRMMERSS,  #E = A E ER R O i ik v e

(a) 15° B

(b) 45° B
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(c) 90° BF
B 3-7 R B Ak E IR & & SEM 4%

Fig.3-7 SEM micrographs of eroded coating surface

3.6.2 ARIHMHIERE FH TGRS

1 v B4 S 56 2% 1

ﬁ%%%m%mﬁ&%m§iﬁ#mF

(1) KirFhifE: 0.05mm~0.25mm

(2) SEEGIRFE: =i

(3) PPEEE: 13m/s, 16m/s, 18m/s, 20m/s, 23m/s, 26m/s, 30m/s

(4) WFHE: 150g/min

(5) PiphfpE: 15°, 30° , 45° , 60° , 75° , 90°

(6) RIS IE]: 12min

(7) ik 40mm>40mm W B3R 55 s Bk 21 I I 917 675 1 AP0 Fe M e 192 T V4%
2. SIS SR 5P T

3-8 (a) 1 (b) 73 A2 ¥R E A BHE R E N1 3m/s FI30m/s, A ~30° , R Tk
FEN150g/min, (IS TRIY12min, iRERMHRESUIES . H3-8 () FIAT, FEARE M
I, RS AR 2 3 T 4N B R RIIR, RIYR DT M B, X2 F 2R H
TR ks AL T 52 B R i B R S8 R DA — 8 M B b iR JE R H, £

B JRIVERR, AR I = AR 55 s fEKT 2SI E R FAEM BRI B B~

B, B AT S — PR AR i P B RS . TR I R B b, MORERTIA —
SEMBBMEALTE . 3-8 (b) AT LAE tH, BEE LI, ik BB, R
ﬁﬁﬁ%ﬁ%ﬁ%ﬂ@ﬁﬁﬁmwm%ﬁ I H IR TR E B IR, Zihd

BT RNABE XK, MRREHER, HiGemd R REEHT, BHRR,
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IR AWV LA BT R L i EEROR, KT RIS REROR, XA REE R i

P ™ B

(b) 30m/s B
A 3-8 iR 4B R @ SEM 5%,

Fig.3-8 SEM micrographs of eroded coating surface

3.6.3 ANREIHMIRE Z 4 TG IE St

1. PR SR 2
ARS8 BT R P P b Pt B A5 S B 2 A R

(1) ki HRife:
(2) SEURIRSE -
(3) i B -
(4) KT
(5) IhpdAA L
(6) Pt a]
(7) pdislae .

0.05mm~0.25mm

EX(TE

23m/s

90g/min, 150g/min, 240g/min, 300g/min, 360g/min
15°, 30° , 45° , 60° , 75° , 90°

12min

40mm>A0mm F P W IR 3 Bk 215 12 97 475 14 M1 F=e 0L It IR T 4

2. SLIERE PRI
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BT NERRERMERIIES

YD RIREE/INT 300g/min A VS B IOBG AN, AR T e ok B 5 R 7 B
I HAE 300g/min B i i B B, YD ARIREE ARSI K, T8 F] 360g/min B, 1
TR RIS . Wl 3-9(a) « (b) A (c) Fran 23 Bl i ik B 90g/min 300g/min Fl
360g/min, v N 23m/s, MIRATERN 45° , WREEDN 12min 2644 B9PP b EE 550
H (@)« (b) BIXTEERT I, (RIREERS, R MRe SR, ORI I T IS L7 5
R BRI s MRk IR s, PRI, R BRI MR BT, TR
BT MR HERS . IR B IR B 360g/min B, ¥RIZRMEA HENBIR M, H5E
FEGFTIES, X2 RIS mb, S Ae JI AR BERT9R TS, K- )1
M FIEEMZ T, IWELBIEM Rk, S8 ER TR Bk
TR TR SRR KIS, RiT 2 [8]7 A A FLAE T DL 22 [mI3, H055 7 ik 2 I3l Re
RS2 AR F 0085, MORHR RAR G b, DLESOMDRH R i 2 T B, Rk
JE TR B R T A

(a) 90g/min iF

(b) 300g/min B

27



AERE LI RFHMEFAILL

(c) 360g/min B
B 3-9 /R Bk ik B A @ SEM

Fig.3-9 SEM micrographs of eroded coating surface
3.7 REINEE

S AP D I B A S A R ) P e B A S, R P 3 4 LT S OB (SEM) UL
MR 22 RIS, 5 I R 45ie

(1) W2 AR P, S EIE TS 5, ERER e 1 e RE i ik
FrRA G LT, RUMERERERM . IR MR, TR, Brblm
TR JE BT bk BERCS «

(2) BEE Mok FERIIG N, T2 B2 i B 1R PR BB ™ F, X PR D o Pt JBE
FOR, KL (BT RERA, XA A v ik B k™ 2

(3) FEARIKPZIS , %2 P A0 L B A B2 R M N e 7™ 3, (E R ik 3 — g e
e, HHILT B R DRSS S . XA RIS i, Ak BE AR
JFER ks, R AEE R N IR I T B, I EZRBIAA I BRI, TR
A RAE TR B RYRL T8N B IR AR ORI, WLT- 2 18] 7 A5 AR TR 43 DLA [l 3,
HIS 7 P iR = HshEE, BT iR 2 B 00, MORRRLR A B, B R
bR R, DRI 2 A b P B AR P A1
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FNE NEWREZ A HERITN A

BT WERREZ A ERTN T

4.1 HERENE R A

A B 4-1 B R0k 3 o0 A R P D0 € i 2 e ik i e i R 22 AE, B pP i E 451 %
HAE, ST RTHIREEN 0.1mg, WEIRZED 0.1%. PRSI i, XA AR
B B EAZ A RIE R, B ARAE T AT =Rk, BT
PR BRI kA IR R

A 4-1 &F &P

Fig.4-1 Electronic Balance
4.2 MR N A

Bitter' " A Ay ot B 45 R 7 Ay L) P gl B 4 2 A e e B 45 S R
A, T A BB R R O R B R B 20° ~30° 2 0H), MR AR PEAT R
BN SURERAE 90° , ASKIRIE, AT HIIRE M RHR R pi i B 45125 B
BAE 45, JFARIEM BT BT T b, BT R R TR R
A AL 22 8] B ph Pt BE R A o 2228 SR [33 142t 19 28 30 FH - SR g 28 1 e
S B R L HOVEAN 2 3, PRI 2 2 U R, RIDVR/IN DT i i P 4 2K B
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(1) B A5 Gl LR E 2R 8o ) » B8 IR FE b it 5 453 2 B 5 1 LA (e DL RS R o) 5 FEAR
o KBS H RS Ha1=0.95, 0=1.05, &4 T AR @-1):

Z=7+7,
1 Z (vcos B)’ sin(nf) 1 Z (vsin )’ (4-1a)
Z=a,|2 ta,| 2 |(0< <)
A 7
1 ) 1 o
5Zs(vcos,B) EZS(VSIHﬁ) g
Z=aq |t Y (ﬂo<ﬂég) (4-1b)

X Zo Zis Z oy RSB B UIEI SR R T i g
PR E R, B4 g Z NWARRE, Bilg av oo NREBERE, =095, a=1.05,
TN BRI, AR v RIS, BAL m/iss po MRS PRI, Mp<
Polt, VIMIBERIKE &R TARESKESR, L>p M, BB KERAT N
AR R, fo=a/2n; n KPR ZER (C4B=FoIf, sin(npo)=1, WH n=r/2f0),
TN, LNVIHI B BERE N B, BAT mYs?; o pP AR T BRI AERE N AL, B m2/ss

AR SO HHE 15 2R 2 00 S P ik B 45 0 B 5, (HUR TEVE X 2 T ) i et B 45 2 7
IR T ok P 453 2 B 6 (10 L 4B o AEL R ] AR JUANRR R A FEE I U J2 P e o S 5 2K 6
Hi5E ny A p=NSE TEFTA SEIEURE kU — 241 (L3 44 1F: NP RN 300g/min,
M SN 23m/s, PPORISFTELN 12min) » SRUFESH n. A o QM EEL=90° I,
BRIV E i B R RN 0, BRI, Mh il R Ok RS T A B R
Bl 2=0, z=2, HIAR 4-10) B Hu=1.36X107; FIERE—MSERIMAEE, Sl
FE=75°KF, A3 (4-1b) 5 HIA=1.16 X 106; FEHA=30° K, HA R 4-1a) 5 H n=1.23,
I JE AR Bo=re/ 2n 45 H4 X 43 PR e b B 453 F) e S b b 1 B0=T73.17° o 0 SO BT 23
WRATIOS, SRS

4.3 LB/ SHERIREXI L2

A IR VAR 22 ST SEANSE R R AEAN R Rk 2 AR 1 P b B 0 K R, R v B4
R LIGHAFHATIILE, IESSZIEA A R T FEME .
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FNE NEWREZ A HERITN A

431 MMARSHMERAEENXR TN

AN 4-2 PFros R s Y 20m/s, (RN E] 12min B, ASR] P OR B ST o
Tl A R A R R ) 5 AR U SR 5 S B e O Rt LU 4

ST BRI ATRL R B K P e B A K R AR 200 ~30° 2 0H), SR et AL R
PR i R ik BB 451 2K BB HH AR 3 90° A, T AS ST F TR T2 A4 R A i O o 4
HIAE 45° Fidy, XULRH, iR EAPRIERACE R I SR B VE ARG b ik B 453 AL
WS RIS SRR R R B AL, RIS T T PIRRRL Z TA) ik
PEARFAL

A . —=— 90g/min
0.20 | —e— 150g/min
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Tab. 5-1 The actual condition of erosion time calculated by the

experimental results at 13m/s

WRIKEE WA B R A AL B 5 A B Re L AH 24T SE B b s (]
1K 0.325 41 H
S0g/min 5 0.065 11H
10 X 0.0325 10 K
15X 0.022 8 K
1k 0.54 HJedf
5K 0.11 40 K
150g/min 10 % 0.054 20 K
15 X 0.036 13 K
1k 1.08 14
5K 0.216 2541 H
300g/min 10 % 0.108 40 K
15 & 0.072 26 K
1K 1.3 1% 41MH
5K 0.26 3MH
360g/min 10 % 0.13 47 K
15 X 0.087 17™MH

F 5-1 P diE Y 13m/s (R T X5 6 20), b AR EE N 90g/min I, 1
SR IR —E R AR 1 IRBRYD AN FAHEL, S0 AR I i e B 51 A 24 T S B o (AN 4
FIIRIZEZ 3] 4 A IR Pk 41, an R4 IR —4E AR 15 IRoRID A AR, SRE
R e sk B A A U 2 T SEBR T AN S K iR E A2 1) 8 RIS TA] AR i it B 457 o 247 b 2RIk
FER 360g/min B, ANARAZ M — KA 1 RID AR FRAHERL, SRS b 0 b ik B A5 A
MF bR TR ARG RIR)Z 2 F) 14 4 A AR B B g iR A
15 RBRYDANTRAHERL, SR rb i) b ol B 5 17 VU AH 24 T S bR L AN 2 A IR R 2 B 1
AT B i B 45 o 276 LA b2 SRS B SIS Vb AR BE RO, FH S A B )
SR 5 e e B AT RS s A A R AR VD A R IR ) S A B S
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Tab. 5-2 The actual condition of erosion time calculated by the

experimental results at 23m/s

WRIKEE WA R A IR B 5 A B Re L AH 24 T S B e ks )
1K 1.02 1 4
S0g/min 5K 0.2 2.5MH
10 X 0.102 37K
15X 0.068 25 K
1K 1.70 19841 H
5k 0.34 4H
150g/min 10 % 0.17 2 4MH
15X 0.11 41 K
1K 3.39 3FESNH
5 0.678 8 ™MH
300g/min 10 % 0.339 44 A
15X 0.226 81 K
1K 4.07 4 4
5 0.814 1 4
360g/min 10 % 0.407 5AH
15 & 0.27 98 K

K 5-2 P EE DY 23m/s (FRE T X155 9 4%, Vb AR EE DY 90g/min I, U
AR — R A 1 RSRYDANHES, S0 A e P B A5 155 VA 224 T S o 00 o R A 25
PR ESZ 3] 1 R A b B4 SRR R — AR 15 UOGRVD AR, SIS
P B A 24 T 52 bR 0L AN AR IR JZ 2 B 25 RIS TR A SR . vk
&9 360g/min B, MR AER— KA 1 YRvb AR B HER,  SRI0 p ) b ik B A LA
T SEBR LU ARG R R 2 2 2 4 SRR RN e B s dn SRR IR — R R A 15 IR
YO FERHERT, SR P e ek B A1 U A 2 T SEBR LG R S5 R R = 52 31 98 RIS ]
(PP R o 256 DA b 4 SR B S R VD AN IR BB OK, e S 45 SR B 00 S PR T
Hh S N ()RR s B R AR VDA TR R IR HOER D 0] SR 2 SRAHE B SRR L
TP A B TR
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Tab. 5-3 The actual condition of erosion time calculated by the

experimental results at 30m/s

WRIKEE PR B R A I B 5 I R B Re L AH 24 T S B e ks )
1K 1.73 1994 H
S0g/min 5K 0.346 41 H
10 X 0.173 2 H
15 % 0.12 42 K
1k 2.88 34
5k 0.576 7H
150g/min 10 %% 0.288 3.5 A
15 % 0.192 70 K
1% 5.77 549 7MH
5k 1.154 1% 21MH
300g/min 10 %% 0.577 74H
15 % 0.38 4.6 ™ H
1k 6.92 7 4
5K 1.38 19540 H
360g/min 10 %% 0.692 8 4 H
15 % 0.46 551 H

R 5-3 PP HGE B2 30m/s (B 24 T RT5E 9 11 290), 4VPRIKREE N 90g/min I,
USRI — AR AE 1 RV /R BRSSO ) pp e B A 75 0 AH 24 T 52 B 000 HR 4N
ZERIIRZSZH) 1A 9 AN ISR ik R A a0 RAR I AR R AR 15 R AR RS
SCHG F ) e ik R AL A 24 T S BRI R R AN G R R R B2 B 42 RIS T ) e sk B 457
MBI E N 360g/min B, GNHRAEIE— R AR 1 SRV BRHER,  SEI R b ik g
PG GUAH 24 T SEBR TOL R AN S5 IR IR 32 21 7 A INF 18] B e sk B 437 s Gn SR8 — 4 kAR
15 YOI BRHER, SR8 i il B S A 2 T SERR Tl AR S IR JZ 32 51 5.5
AN B TR B 451 . 25 G DL SRR A S Vb AN IR BRI OR, PR SEIG 25 R HER
S o 000 P s B A B (DA s AR R AR VD A B I IR /D, D) g S A SR B ) S
7% T 750, H e S 5 ] R

3 5-1. 5-2 F1 5-3 XFLE AT, SEge o B i A RGEBR R, U] B SI2B6 45 S AHE B
SR 750 HR ek B 5 ] R
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Tab. 5-4 The actual condition of erosion time calculated from the experimental

results under different erosion time

S P B [ AR R R A IR A5 [ A B e L FH 24T SE R b s (7]
1 & 2.88 211N H
S 5k 0.576 7H
10 & 0.288 351 H
15 % 0.192 69 K
1K 5.77 549 7MH
LOmin 5 1.154 1 21MH
10 % 0.577 7H
15 % 0.38 4.6 ™ H
1K 6.92 7 4
Dmin 5k 1.384 1954 H
10 X 0.692 8 ™MH
15 & 0.46 5.5 ™H
1K 8.65 8 8 MH
Smin 5k 1.73 1994 H
10 X 0.865 10 ™M H
15 X 0.58 7MH
1Kk 11.54 1146 1MH
Omin 5k 2.308 29 4MH
10 X 1.154 1924 H
15 X 0.77 91MH

H1% 5-4 w50, SRI6 b ol bt (8] Smin B, A0 SRAZ MR — R R A 1 ORI A 4t
S, RGBS DUAH 24 TS PR AL IR A KR 2 32 B 2 A 11 S H I TRN
RIS WORAZ R A 15 UORID AR FRHESE,  SCIe TP I R SR I DU 2 T
b LOLH AN F iR 2 52 31 69 RIS TR) (1 ph BT o S5 Hh i i S 18009 20min 15, 40
AR 1 IREID AR HESE, S0 A b i 5 7 DU 2 SERR 00 P A 45
FIRIZE ) 11 5 6 A H [ b B4 A R4S — S 2R 15 IRomib AR R B, S
6 o A ek ik A DU 2 1 SEBR 0L AW S R TR SR 52 B 9 AN T I 1) B b ik B 57

H R AT T R, S e e TR, D) I 6 5 SRR SR 18 SR T 00 v o e
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