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Ab¥tract

A 150 m®/hr, 30 kg/cm?, ait-edoled 3-stage reciprocating aft comipressot s ‘&%%‘ilgned to be used
in starting large diesel engities. A basic design procédure i§ Predeited td meet the targeted
pressure and flow rate, anid especially the Volumetric efficiency. Terigeratife and stress analyses
of the eylinder are performed wsing FEM modelings. The dyfamies of Valve syitem is anéi&zed
and stress at the valve seat due to valve itpact is evaluated: T0 redde® frictibn loss and wear at
the compressor engine system, tribological desigh practices aFé Suiggested: Fih—type coolers are
designed to dissipate generated compression heat at each stagé. Finally; a prototype is maun-
factured and perfomance test is carried out utilizing an &iF tank. Performance results are
compared to the design targets, other foreign specifieatidhs; and some quality standards.
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Table 1 Design specifications of a compressor

Item Specification
Capacity 150 m®/hr
Discharge pressure 30 kg/‘cnlz
Rotating speed } 1200 rpm
Number df stages 7 3 .
Nalse 95 dB(A)
Volumetric efficiency 80% "
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Table 2 Classification of the compressor development technology

Technology classification Contents
- Basic design - Basic design of a V-type 3-stage reciprocating compressor
- Structural analysis - FE structural analyses of cylinder and valve
- Dynamic analysis of valve system
- Lubrication design - Lubrication design of key engine components
- Vibration & Noise reduction - Helmholz resonator design for noise reduction
- Isolator design for compressor-vibration isolation
- Cooling - Intercooler design for compression-heat cooling
- Manufacturing & preformance test - Prototype compressor manufacturing

- Performance test and acceptance criteria
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Fig. 1 Operating principle of a reciprocating compressor
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Table 3 Temperatures and pressures at each
stage cooler

Pressure Inlet Outlet
Stage . . )
(kg/cm?) Temp. (C) Temp.(C)
1 2.8 90 65
2 9.0 156 65
3 31.0 163 75
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Fig. 8 Lubrication regions of various main engine

elements
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Fig. 10 Photo of the prototype compressor



1387
~1] (18)

(PR;) %

x._ Pt [ I
T

RS
x—1 6120

1

3

-2

ad =

i

W

A

|4l

2} 5

M
p

2] 7] ol 4

3

jL

dl

e}

]

=

= t [ - Am . ' [
E) Y = N oo W RO LA ) R
=L o Em T N R etk % W R T ow
= e G p— 2N —, i Yo
5 T Z.# 3 o< o) Ir “4n — o EOS
oln Q o il —_ N7 Lo} ~ X 1.# N
2 TR E W = B om u N
puy SHE A ol o ol - o = H R 2
Zﬂ R i © [ | ) N e
—_— = o) T == g I J qr -
" ] el T ool X O o ~ Yoy oA e
Ll — o Q — " ’ N
3 T o - T AR N = e Ho X o F - ,...,”H
& T o A T Cc: S~ ! = 0 W
e T T - TR A S-S
ok T T ot = dr . o B o
i L Xz L3 Ty TN ®Ba s

P — T e B ; R s N, AR -

T Woge ZLo iy AN gy e

— ~0 N B I A o o X L o~ R —_— e

X o o r Y . ! — O = o B-

5 T T B oo O] umsﬂ%ﬂ,
& 0 , = oF - , oW . A T
= R b — 2 3 = %9 T o=
.o = Too oy s ST W oy W ¢ ¥ Bom
s ol - , 97 5 or = : W e —_ 7
e E S ETs Phay Tow MZgwe o d :
= X > [ T e o — T R S op
) | S oo TG — oo TR X ok W X LT
R T S -t N S
o = ¢ P 2o KO == BT oy ~ © o= . e
Sy ST TS MoriwX 2 gz 5%
I 1 F I = o= T o
O . o~ 0 s i — o To o pu C- o L i
a8 e < 9 e e 7 - oy gL s
- IN ~ Sk 2o ~ F oA O . — g ST
T N oy o X s = T o . E T w4
—~ e 2 ®e ™ 5T N [ I AU = T oo {WoOxjeunssasy yur
w . 5 = < 3 o NF X ol T ow <= = % ‘ 4 el
R, —nt i — iy i D e . —
R oF M R S oue 3R R OW OB o LW e wm
- [ —_— - = — — o ~ —_— i ey _
o M T N F R W N oW N w ok R 5 ! ~
bl o= 0ok (e — o plr ol = o e W = = , = =
H —_— | e e K e o P fozle} 0 - i
ry -~ e i o rd i j = qooe — KO . ~— P — ~—
2ot 5 owm Dome 2N m 7. 70 o = 92 o oy R ™ ™ =
T Pl e R Mo 0 E Yo X 2o o N ) o i
E o B T 5 9 il T = = -
ok X o - g o od o , V. s . LL, owr o QO
—t T N g o - iR T our o o o r ~ —~
Fogr o . i 3= o = 2 T e . ; 2
=N = = W S T 20 — =P .

N o_ﬂ = o = 0 TN . K ~ ity R I PL ol o |

;W O i N ) 0 A ok it 1: AP
Aot e L — o0 w4 ~ (R B o! o Ho n
=0 o ~ oF R S oy it ok R 70 : &

R R ) o B T o Jo o ~
G B9 AR X o W 0 g K = N
R ) e S o Ao AR e PR ) —~ ok

4> o D0 & Looxey g 2 5 o

- —_— - S D T — "
e w O . H pro @ hl — i A =R g H o DId.T N H

] Inglny N = T . ol ®
— et A XAE T sz W M T X ol @ — 1 o ion ' ! X
QO et fevall IO i =2 ~ S = el =
Z 3 R B S SN e 0T oo D) P oo ! i ®
B S W e b oo = N0 R0 o O I e

— ol q v K- b o e S o i
o e C“ o e © e — clo NE — & ) 3]

- - nk N o . =R N o A . To i . ;

e e T Mmoo 58 g oo wwoLT:koo N M 95 - F = " =

oy — o bl : =

Mo E  FE oo e w2 N T U sy @ S w N %
i % NN —~—— M L i -

, Mo e B A e M oo om oo TR TN oz g &g 5 9 *
TT T o T - Eoa B oy 9 zo o B NI ~ |
N @™ WL e oo B | e ] Kl o £

ol ogr Y omd ™R gt o o 9 o . om= o NEgyof £ | ~ h N &
S o= = W X BB e © -om BN A o i = ! A I =
= B ™ =7 o) dl. L < © . a ] _ﬁw = oo = 11.0 ok ! 5 HLI. = © :v
, 5 —_— .
N - Jor © 1 ~ X . — =
oo gu T o ul jan} I 2 o R . _k__. e g X & ) < - S
R S = S et I L S G S - R X
g j 3 o —
PN E B RO < X gy Wk T e W oA WO o | = w
o — .
FT T X® ks <o = TR B T

Compression Time(min)}

Fig. 11 Tank pressure and temprature vs. compres-
sion time



dHel FAsHy 30 kg/

FAw e

1o
pu

Table 4

1388

0.0

o oM T o ﬂl.%oﬂF < TF E‘_._Lovm o} o 2
SE T SHk o UETE E )y
roeE o = ¥ ~ O Mr«u 44 g & o
oo o Db T f |5
= " X dn ™ NN %nklhma/o B ] g gl |&
T Al R EEIT e 5 S iz
O~ N o8 o —_ ~X - <’ L
2T g uL G IR X m ﬂ =
DEEE apr BeTEITL POl
e N _zruﬂxlla ﬂmlv;.u o]
Ya2e =_4, @.2XT i %
_~— _— e
oF & ®o EUI,CL.*i %7@1@]4 7]
Fow oo BT T o & 5
~ T - 2 =
PIfl Gtz reitdgs oo |ss
T E s e 3 TR = T g g g1 120
T2l d X E de X F 2 EZlzlzls
=~ w R L W o O o 5 ay X Swlggls|els
= AR S a0 28|l E 7T
oMl ¥ g ® oy TS
i gmap b ERTE g Z8)E°
oo w N oo o il ©
dadMew B owd HFITE _
e T R TR g o o o o
T o o WO SR ) W =5 + ok ] & (%)ADUBIWI HUIBUNIOA
TN Ve 2w R wwd s T o = g e e
= orle ol M B R e BT oMy A oM w
HE o o o= B o o ®
< e TN oo N g B {v)uaung) sojop m
T sty EEE . 2 2 5 : 7
o 7 ofu ~ g € 2 g 8 g
LI = o = B . U
FEoTREAT T ES o T8 2
ORI = g
TN om o EBow o & °
oy T oo 2n ._ﬁ Fow
PR - TR o .\ VIRE Y \ =]
oaoiﬂrLdl g\ ol =
_%mmr%alixlauﬂﬁ% i o
ﬂ7l&wnﬁﬂ1‘_lﬂ ¥§ o
e T TR g T g =
]71%%/#@%&& 23 2
luo%‘ﬂEWf N g
frixe) T o= vw Eis o ET JH_ m%
Fe trdsdTe & g
oy —_— (31
i R s R G T S
ﬂi o 5 of AT 5 05
_— 53 o “ 3
ﬂoqgukﬂﬂzo]ou% 3
Lo o e o NS
i EHERBY g T - :
N A J °
PR P 5 B o8 f f &8 B OB f
— ol ey — o . 8 13 3l
T o 0" o - e % &0 (werey AenieQ iy 9aid
Hﬁ M%Wm%i%ﬂﬁw 2
o7 W OB R\ oF oy 5F TS

§0 100 150 200 250 300 350
Tank Pressure (kg/cm’}

Fig. 14 Average volumetric efficiency vs. tank pres-
sure

150 200 250

Tank Pressure(kg/cm’)

10.0

Fig. 13 Average free air delivery rate vs. tank pres-
sure



-
5

o

a1 H ™

CR LTk s PR R L 1389

[ <Y

7Zkzt Ao} 80 wm, 95 dB(A)E, o+ A& F7Ist 44 ZFE ¥ 23THHY
%7 AL 27 wEeka Yok webd A A ey welA] Fube S4o] wekxl o
2 AAAel, QS AlFAY, zElan o TE A Aol Aslsj= AY, £AFEAE A 9
TFAE M ST GFVZ SR @ wew WAEEz 9L H3AA Aed
+ gvh AFE2 Tl AAYYAL e
Table 5 Measurements of vibrations and noises :LchM © e
1=
Horizontal 80 B
direction fa=E An (21
Front 2 lh Vh
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: : 0 £ o A F ol Ho] 7o A 7o &
Vibration Axial direction 15 1714, & o] ; dolo] BA Zo|7L o3
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Noi Front face 95 sl FHv|E AAE e, &9
(dB();:e)) 1st stage (Suction side) 93 Ho]';ﬂ7]“‘: viebo 2 duksls A5S Aol s,
(4 1&g Alx AGAE 42 HAE)
2nd, 3rd stage (Discharge side) | 94 WA EE Alwsh Al oAl PR B
AAE Mt}. EAZE of 800 kgal £ shE71
Table 6 Summary of the performance test
Evaluati
Test item va'ua .10r1 Test result Remarks
criteria
1 Capacity 150 m®/hr 156.6 m*/hr
2 Discharge pressure 30 kg/cm? 30 kg/cm?
3 Rotating speed 1,200 rpm 1,190 rpm
4 Number of stage 3 3
. 5 . Japan Ship Standard :
Noise 5 dB(A ~95 dB(A)
5 oise 95 dB(A) | 93~95 dB(A) 100dB(A)
o Y Co.:77.2~78.09
6 Volumetric efficiency 80 % 77.6 % T Co. - 70.2~71.30;Z
Japan Ship Standard :
) Vertical dir. 300 gm
Vibrati k-pk 5~
7 ibration (pk-pk) 25~80 pm Horizontal dir. 600 gm
Axial dir. 600 gm
Ambient
. e 5 Actual Ambient Temp.
8 Bearing Temp. Temp. 52~54 C L 90°C
+ 40 C '
9 Charge time 13Min. 3Sec.
Y Co.: 28 kW
S d s kW
10 Shaft power 29 .4 T Co. - 36 kW
11 [Adiabatic compression efficiency 68.8 %
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