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Abstract: To solve the problem of halfway drainage inside a steel cofferdam, catchment rooms were installed around the
bottom of a steel cofferdam. These catchment rooms, a vacuum container, and a vacuum pump were put together in a series
to form a bottom water drainage system, which could drain the water inside the cofferdam completely. This paper introduces
the drainage principle, operation procedure, and existing problems of the system. The system is only suitable for a depth
less than 9 m, and had low drainage efficiency. In order to solve these problems, a new bottom water drainage system,
composed of a catchment room around the steel cofferdam bottom, the vacuum pump, and the submersible pump, was
developed. The top of the catchment room was linked to the vacuum pump, forming an exhaust system. The submersible
pump with the check valve was installed in the catchment room, forming a drainage system. Practical applications of the
new system show that it has a higher drainage efficiency, and that the suitable depth significantly increases because it can
break through the limitation of atmospheric pressure.

Key words: underwater overhaul device; steel cofferdam; exhaust system; drainage system; bottom water drainage system

FRTH FRK MREEEAUK P e gl EaR SRS THAE M HE RS, Bk R

B A SRUUE MR, SURDUE S TR R F
TR B8 AR T 45 M0 O A0, 308 3 1) T4 2 P9 TR HE 7K 1)
Y& TN TSR 8 K R 2.8 ~ 7. 5m Y (AR
3.3~7.5m'?) , WIFHEE R 2R, 7T Tk T iR
o T NTTIRVA TIOR8 Tt Builikz diabi P QL Xl
REME T4, PR T KA 2 8 4 A R SR T
FE RS (0l HZK RS Bl BN TAEE N RE K
R 1) = 2 Wm e T HEACR IS, 2004 4F VL9844
THE TR A 2 BLAE G T K R TR - T RS
ERHED (54 T K TR E) %%
DA 36 0 BT Al TG T L T 1B R K &
G5 v T B HEHE K AT 74 1R 25 (ELHE K
RN, 2B KR A E] Om,, i e i% 0] 55,

PEZ A ARIT- (1964 —) 5B TTHRZEN

- 64 - ARAY R AR R 2012,32(6)

T BC s b B A AR K = A HE K RSB, T
JERL T R B GRAR K & LS 98 WK I = 4l
R ETRIHE R K RS0, 2011 AFHUAS AL, AR SCTR) 2L
[0 T 7K T AR G2 B R R T R PR 48 T KT
R 8 2 B R o T 98 R, LR T B IH RIS K R4
AL HEZK R HE KRR FAE SEBR TR )
N B O
1 KRIEiE

S YA VT VKR TR AL T
1979 AEHFHI, FRAS VT 95 48 B KB R 4,

2006 AF F [ 55 Y 3L PATATUROS A AT R 22 ) 7 L
ity AT T IR A IR SR L A, A

LR TR, EEMNE T RSB T/, E-mail ;478985110@ qq. com

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn



5 71200620163305 , S EUUAE F# R H T/K K Y
BALER P ERFE TAE S, T AR 2 TR 22 2 AR 3 &
JKIET DAL 38 el A, WiE S THEE |
LA, S VAR 2 B AR ], AR S = A 1]
WAMETT, TAEZSMUEA B P46, SR %
SEADL AGSHE  TAEM . B Ti S AT, AL
2SRRI TAE = IEHEK , A3 To K T 54 m
MTAENG AR & EIEA TAEZR, et A
JERE, SCPAAMIET T, Wit JEAS N FE 13k TAE =R
Ja FTIFNART T S TAEA B MR e 2B h T
YR, Jeitt AR, SCH AR T ], VRIS AR I R
TIRBN KRG FTIAMET T, RRTUE TR R AL
i, R SRR PL AR RS HK , R TR 3)
Je o TAEARZE S |8 TAE N DU FE e B
SETUE R SR HKR R, B8, (H TAE=
WHEDRTF—MRIESKEE I Z M, TAEANGR
WA BEAF I B AR 2 T, HL T AR B bR B
AR T VA R FERTH AT

2 FilkTHRERE

TF A T AG A8  (R] 1) L 30 4 oA i
Bl B HEIS K R G0, S T /K T TR 47 T ik i
RME i —Fh 7 A%, B 3K B R S B 4 R (&
FI'5 21200420080320. 4) , 5 J5 7 FH T B 7 T 1] |-
iEdes it ioq e A LTS IR 0 o = S 8 | LRI AR LR
i S AR A 4G L B =T i i i e A v, S By R A
FEAF,

6 40
HoK=

B1 FHXkTRELEE

2.1 $HEE

T L4 T (R AR, RO O A R A
PR AR A 1R K RS | B W TRIHEK R
g A E RO E S TR R TR
WG ZRTRAEE b, BRI &N A A
22 m 13 m PP 35 KB EAE9m LA, KR
A B B PRI 4 AR G, 45 #3118 2SR, %
LT

2.2 HIKESG

HEK R G A4 H AR 5 T TRHEK &40 HE
JRAKRGE =HB5r . H MHEK A A 15 KK R
WA I AT IR T Y, Tl HE R HE P K
T TRHEK RS T HERR £ 7 BREZ B T 7K, 75
Vi) Y 74 38 2 g1 T3 3 i S KR 2 A, &8 Pl A I
BN K % Ja 4R TP HERR s HEROK RG] T
HERR & FEHE K B2 A BRI IS HE R 4 BB HE P9 IS /K A Bl
WANRK . JRHERK R G (B 2) B =&B . —
SEFHE K S, R EASHE, SR ES R, =
UV 22 R . B ICHR A K 3 o i AR R
PR — NI 25 P 25 6 ICH A U] 1k oK, JiRAR %
A KA M HE K HEE 5 5 A B R,

HEAHES

Rl

HEKE

7Y% Y% % %%
Priatatetetotode!
YOSRE
RSl

R X kil

@ )
Sy IS MK
K e

2 EHEKRGREE
2.3 KMEEREETISRREEH

BATI, 15 58 s K S fhHE T HE Y KR, 24
HEPNK IR /N (10 em ZE47) B, JA Bl 28 28, LA 1
7T B, BRI P IS K B BB 32 47 i 7K T A B3RS
ERAE /KR, Y A TE N T AR, FEIHE P RS /K A
FEIHE AN 7K VA5 T T N LS R 38 B HE R IS /K A 3
oK TR EN, BiTZEEZENEESESH
HEA R PHOKHER RS (1 U 2 &) Bk
oA AE B HE G AR AR K B R 30, iz 7hT, 2 Hf—
A 2SR KPR BT AR A2 AT, HERR H N A
KIGHHAMH, ZEHKHER RS emEL, LA
A by TAEmRRELHEK

IR KRG RT3 R AMEA BB IE#
KIEVEH  — & H2S e /K 11 5 6] 8 S 350 8 AR X g
ZAKTF om' ! (1 MR RSEM ST 10.3 m /K
FE R T, 25 45 i Ry 8 7K Sk 30 O VR A K Sk 3
& BB L BRE DL RrZHE R K R Ge 18 KR &
E9m VAW ; & BB HEKHE R 2 K T B G ER
SRR SR E A FEN R S R
1%, B AR K = N K AR A L 25
2.4 FEM4RE

TR TR A28 B ) B RE N . DB ERK
TIREE L Fm IO, DUE K T IR EE A 1E ol ik &R
16742 % (1] 38 P BE TC 564 7K LT 7K B 38 FH K IR AE

KA R A B ,2012,32(6)  Tel ;025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn - 65 -



9m LA ; @T AT I M, A A 4E1E 7 1
3 AR TRISRERNFRARK RS

3.1 EHIERKRZRBRME

K MR g R HK K R A LR R
P O KRB TR SETT, 76 9 m DL ; @23
H— > LS B PR IS 7K DR e 5 i 2 R AR A
MR i =2 RN % OHF R R G TG 1S
P FEAR B B HE 7K 5 N ZKAR TR A L2 i 7
JE AR T AE SR JE R, XA S 13 & P R 2R 48
s @HE KB A, W RE AR 3 R p Ak Sk ik
K, HEARRCRAR
3.2 FEHIEKRSERAR

BAHER K R GE (B 3) R ERE K= | A
A WKL =k, B2 Il i 2248 548K
F IR A LHE R GE 5 WK SR BUK 3 AR AR
IKEZE N, i T 7K S R R K AR R ) R R B 22
RETEFIKZE N, K 12300 1k 1 A i HE K R 58
BRI K R G2 © 4k B 28 55 HB B & A, & 5
71201120070743. 8, FRHERK RERDE T RAE
F10Y R s K T A A R 3 T K IR Y e
ZHILKEZRTLK, BEGH— PR TR
REOBAMHA,

H=

@E#& S REET
WKE

—

3% 1k i)

il 2
i
i:=y) Hek

i

PR K §

o SN K

B3 #HEHRKERETEER

3.3 HEHIKRKRZEWMEITRE

JA B R G, BAKENES TREIFRT R
T, FEIHE R K S B 32 M e K FAE R SR RIE T T 4
K 2B AL AR 7K ==, B2 7K 2 K A 2
FhE, KRB 7K S BOK 1 RPA] T J5 7 7K A HE
BRAE K ZE NIKAAR R K 22 I shAsivk, vl DLFE
KRB B INKRUT W 225 LTt 5 sk &
HEAK CR B 1K B Ah i A L 28 98 7E Joas SR AR
IKE Z AR %4 — A S B, DR KAR) . Y
IR E KA T R KA KB, SCH KR,
BB AR ELIZTT , DL IIE B HE YIS /K K R HE A e
IKFFELIT A IR AR AR 7K ==, 4E 4 /K T IR &E LA &
FETCK, R AR, HE R G MK &

GIIANET 2 B, BRI FE S iR B,
A HET KR

BRI K R AR A LU P26 1F A fE
WREVER] . — R B2 A S HEKHE R R T
R AT e R s KR R R T
TR R T B TR K E R
3.4 HEHIRKRZHMLE

BEMHERK RGEEA 5 D Irm e Q5 T
KA FIRYHLY R A A8 B A3E FHK TR
TEE RS T TLRE 2 LK s QA T B2 e
FEKUR Bt AL 3B A T T8 ; X HE TR GeHE o
AR ORI BE B ARG, U Gifp A /K 38 A I Y LS JiE
T TR VK SR K T EE A B EE BT | [ AR 1
EHFR RGBT ZOR 98 T IR K IR SR @H A
HEROK R G A KA 222 | IR AR A K 2 A
FAXS T RESMEY K T 24 60 em , £ R T I &2 17 1]
FAREE , BE T R e B L M HRAR XU KRR
KRG EHRR G, A HIHETG KR ik
AR I Y ARG K RE 58 RO
3.5 HEHIRKRZEHEA

FURIT, B L HE I K R G e Bl e i 2 — 15
AKALER) KT Be A 2 P AR RN . MR I
— {5 K AR B (4 P R R R AT TR BE LR AR
JAGHC T 4 BUK P HESEAS  (HEMINMFIZZAE,
WA AEF=RE ST, %) F 2010 4513 T 4 A RAE L
THEREAS | T B AR IR BE LR AR b e HE R 2%
A AR AR L M5 R TR BE R AR ZTTICK
H AT HE 5 SR OCRER Tl 208 (R AR R AL
WEFE T REPRCEYRE, Tib it T2 S 80UEY)
FESET B0 B RIS (RIS a5 /K AL BRACR: , fE 35 AR 2
PRz s i H AR R DR T2 1.5 m JR BTG PETS
Je, RIS R T B I ), B 2 . R T (R
$E IMRETT SR E T HGEOR PR B R, HE
PEERIMEF T R KRR 2 m (M HNAE N 3 m BYTT
K T G 2 B BT A 18 7 2 2R Al 2 [
SR BT RIHEIR K AR G RET PRI T i1 JeoK , e I 15
R BOR,, IR OLT , IR IZ 2 B et
B, 2 vhiit HEK JEUESFERTY, B A A 0K
HAG TR TSR A F 475 6 h,

I T =B TR : OBFRE I HE ; Q0 il HE
HER AL ; B FH e He ZK G o bl b i 35 1 5 D8 5
@K AR HE N KR @is 17 B 5 HERpAR
KE HAS FEAE-0. 1 A RARLA, [ #Gs 74K =
BRI @ P TR BE AR, 1) L HE A W36 B s
ORBERTH IR B RS A, 77 2T AR, )i
AR B Tk B (B EAVE (T 483 W)

- 66 - KA K A ,2012,32(6)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



#2,2001,3(4) :61-63.

[ 9 ] PRITCHARD R S,KNOKE G S,ECHERT D C S. Sliding
friction of sea ice blocks [ J]. Cold Regions Science and
Technology ,2012,76:8-16.

[10] BARKER A, TIMCO G. The friction coefficient of a large
ice block on a sand/gravel beach [ C]//12th Workshop
on the Hydraulics of Ice Covered Rivers. Edmonton: CGU
HS Committee on River Ice Processes and the
Environment ,2003.

(1] BEA, 2L kG b B [ M. RE Al R

A, 1996 :50-53.

[12] ARE Az, (] WY B 82 24 [ M ). R 0 DK K2t A,
1987.

[13] MEINE K, SCHNEIDER T, SPALTMANN D, et al. The
influence of roughness on friction part II. the influence of
multiple steps [J]. Wear,2002,253(7/8) :733-738.

[14] STAMBOULIDES C, ENGLEZOS P, HATZIKIRIAKOS S
G. The ice friction of polymeric substrates [ J]. Tribology
International ,2012,55 ;59.

(Uicks B 12012 -08 - 17 Sk . JZLA)

(L% 69 W)
3 & i

ARG A AT A A e X IO b i
BN SHMIz T SEO TS, s T
| WEHE HAE S 8 mm AL K 95 mm B Y H ik v
S B A S ENE 1T S HON T T K iR
IS, BORS B 2R 0 T 7 A s Rk b 38 R | AR
JEJITRZEA S EGE I, S A K vp 56 I 45 1 S 50R1
BT SEARAL BT R AR . S0 BT AT . 2R W
HARLE 14 ~20 mm  JEK K 30 ~90 mm B ¥ RE =4
Jhikc o s Biti o5 T W ELAR N, 5 2 I P A R AR I 4
I A GEF= AR AT Bk bR . AR YGRS R T
— A, T LA s A28 B Jok B A A 7 i — 25 i
SUNE N ST W7 SN

S Xk

[1] =8 PREE, WaE. ARG Kol it i i i o8 5 i e
[J]. bk FIK L 2FBE 24 ,2009,30(3) « 41-44.

(2] E1EW, 4, £RE. BBkl & AV IREEEY LS
BO oA [ 0], WL K& 24 . T 4% h,2005,39(9) .
1450-1454.

[3] ZEVT 2~ F ks & AE HLBEU AR 1] . TR
PEAEAR 2005 ,25(2) ; 241-243.

[4] EIRE, FOEW IR0, 5. B IR O Ik ol g 45 10 2
B Ao [ )], TR A 22 3, 2004,25 (6) -
956-958.

(5] BLE FE, T, % R R G 5 ko 5
M B PERESHORI B 5T [ ] ARt KR K fL 2 B 2
#%,2010,31(2) ; 47-51.

(6] ZEWELl bk, F oA, 25, B IR Wk b 5 i 2 S 0 [0
FATREEE[T]. A4 ,2000,25(6) ; 641-644.

[7] SfG B REE. H ARG VK b O T e s %6 8 R G R 4
PEREHIGT[ 1] W 125244 ,2009,27 (1) ; 33-38.

(8] FEyTar, BERTT , B IIAK. [ 38R T ok o S 3 A S ek 5
BenFgE[J]. T EPLE TF2,2009,20(1) :60-63.

(ke H1B1.2012 -02 -27 4k, JEI20H)

KA Kb AR 2012,32(6)  Tel:025 - 83786335

(L% 66 )
o5 it Eb, | B 10 S BA W) A5 22 4 T AR AN, 38 AU B 753
By B S PR TAE

4 % iE

RIPLK A IRy —Ffok TR g2 E, T
ANBERIIRHRER A, I 32 BIAR K BRI, o B HE e
TK ZR G S W el 0 T K R A B R T
RAETT W20, R B, (A, REBLIT %2
PR TARBE A F- 0T | S7 AT ZE 88 4 A [ 4 L
HEFEE T IO . TREUK TR B — i
THREE T AAE b E 7R IR BE R WA B A B R4S
F ARG | WPTRBRE L S5 H 5 A — i BOK  BEAR
THOK S AR AB 2 B, 3 W XA S TR Bk 1 45 M AT
B

SE Lk

[1] 257, B, iR 35, ARV TTHEAK T TR
R [T]. KA K is TRE 24 4%, 1998 (3 F) 1)
64-67.

(2] EAEE. A7 R DU R IR K R A6 18 Hh iy 5
Pt [ J]. VTR K F],2009(10) ;2122 ,24.

(3] JARISE il )7 BNiE %5, DDC Rk IR Bt 1 ok
K2 BT S5 [ T]. 1R #E,2006(7) :30-31.

(4] R ARG R REMIM]. dbar. BB R SCHR R

#1,1999.
[5] WRiEim, Wl , R K, 5 MR I [ M. B i
K2 ,2000.

(6] 2R, BAHR 24 K A2 [ M. R 5E I A th TR,
2001.
(7] Ror W, RT3 ARSI [ M. B [R5 R R AL
2009.
(U F397.2012 -02 - 16 4k . 3548)

E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn - 83 -



