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A Study on the Design of Water Hydraulic Systems Based on Characteristics of
Tap-Water
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Abstract

This paper presents studies on the design of water hydraulic system and components to replace oil with
tap-water as the pressure transmission medium in hydraulic systems. In order to improve the performance of
water hydraulic system, the thermal and hydraulic properties of tap-water are first investigated. Based on
these characteristics, the design parameters, such as the clearances of the moving parts, the cross-sectional
area of pipes and relative roughness, are proposed so that the performance of water hydraulic system is the
same as that of oil. In addition, the operating ranges, which show the possibility of using water hydraulic

system, are examined.
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Table 1 Thermodynamic properties of tap-water''”
p_[kg/m’]
T [°C) 5.0 Mpa 10.0 Mpa 15.0 Mpa 20.0 Mpa 30.0 Mpa 50.0 Mpa
0 1002.3053 1004.8231 1007.2522 1009.6930 1014.5074 1023.8558
20 1000.5002 1002.7073 1004.9241 1007.1507 1011.4291 1019.8878
40 994.3323 996.5122 998.6019 1000.8006 1004.9241 1012.9659
60 985.3187 987.4592 989.6091 991.6699 995.8175 1003.8145
80 973.9943 976.1811 978.3778 980.4882 984.7365 992.8514
100 960.7070 963.0200 965.2509 967.4922 971.8173 980.2960
120 945.5370 947.9571 950.3896 952.7439 957.3958 966.2769
140 928.6775 931.3588 933.8812 936.5049 941.4422 950.8414
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Fig.1 Comparison of properties Fig.2 Comparison of saturated properties
Table 2 Saturated pressure and temperature of tap-water
T, [l .. [kPa] 7.0°C] P, [kpa] T, IC) P, [kPa] T, [°C] P, [kPa]
1 0.6571 35 5.6267 75 38.563 110 143.24
5 0.8726 40 7.3814 80 47.373 115 169.02
10 1.2281 45 9.5898 85 57.815 120 198.48
15 1.7056 50 12.344 90 70.117 125 232.01
20 2.3388 55 15.752 95 84.529 130 270.02
25 3.169 60 19.932 100 101.32 135 312.93
30 4.2455 65 25.022 105 120.79 140 361.19




¢ 54 9478 7lzz

p=ro+(2) (-2)+(2] -1 ®

A71M sHA o= AFH JFo] He FHTFY

2 ouiste], fAE A0l e JeF ws =

o) ome AFEL 278 F I FATHI
ARG As} AH SYFAFE

oP
ﬁ_pu[ajr (4)
(2
B pa(aT),- ©
g 2ol 27 BgHE, 4 3 G 2ol o

A % & Qe

p=pa|:1+%(P_R7)_a(T_To (6)

)

H m=RdAMs 3 FE/9 A9t 4
g vmsly) 15t 252N Shelle) Tellus 32
g Ao,

3.1 HEHEMA S
ARG ASFE FA s A
gAEE 7 EAXEHN FAHE T
2 3t Ay 33 548
Apoinh. AEFSS AX A
g o]l &3y g Zo| 7T

é s 73— Ad
A

Aus

L
hy
o

e 4 OF @
& gk,
2,

p= 0.47043-0.00187 T+ 1.4775x 107 T*

@)
4714 p, e AWH He 7ol 4Y p ot Lw
7,9 gFolez p2 Al see, A4 o
A B 4 @B 2k

B =4{(1001.01386-0.11457T —0.00302T7)
+(0.4704-0.00187T +1.4775x107°T?). P}
/(0.4704-0.00187T+1.4775x107°T?)

®

Fig. 3& Ztzho] gaofx] 2o
AHadATE Jerud, 48 3
ax govt 2xo J%E 3
o},
20°C, W71gANA FEHF

ek ok

) 3+

A
v
of thg
ylLo. o o}
=T =

RS

H 5}
] <)

KR
L =2
Q

—

A
A

FEsol Mgy

t:;l.

Sz AAdl B

A7

1325

2200 +

2100 +
g 2000
)
5 1900
3
3 1800
x
& 1700
1600 -
1500 e —————T——T————
0 10 20 30 40 50 60 70 80 90 100
Temperature {°C)
Fig.3 Bulk modulus
@
Q
>
2
e
g
£
(7]
£
X
0 10 20 30 40 50 60 70 80 90 100
Temperature (°C )
Fig.4 Kinematic viscosity
Ase 42 g, =18x10°kPa$t B, =2.1x10° kPa

2, &5 r FE8o) e g 16.7% AT A
A ASF7 38 242 A28 wE 9

qe AT e 14 ggelu de Aolg

Bgol a7He Axgo] $¢4& ol$POEA
£g4¢ F444 & Ak v e Adwy

Ase 2A5H9 DB (damping) AHE TAAY
2§ Alzdd vs FoA &R o 2
A2} Qh(surge pressure)o] HAI T} o] Al g
AT R A£59 ddo] Hu2=2 AA A neH
oF &t}

32 HE

FAE T8 A AR o]&ste A&=RdA
A=E A7) R TaFD £ A5 A
o] &8 EAMEL HAASNE F9T BAAY.
7t god WGepE pdae Zise], 84
< At

2z 9 4o e ¢4EHFEFY ¥ E(kinematic

T
viscosity) vlesi]E o ddHozRY IS F

_|]m oX

o
A

(o3



1326 +949 eIk
Table 3 1% constants for viscosity
,. 0 1 2 3 4 5 6
0 0.513 0215 -0.282 0.178 -0.042 0 0
1 0.321 0.731 -1.071 0.461 0 -0.016 0
2 0 1241 -1.263 0.234 0 0 0
3 0 1.476 0 0492 | 0.160 0 -0.004
4 -0.778 0 0 0 0 0 0
5 0.189 0 0 0 0 0 0
Att. Table 4 2 constants for viscosity
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Table 5 Typical clearance in hydraulic system

Clearance
Item
[um]
Gear to side plate 0.5~5
Gear Pump Gear tip to cl:)ase 0.5~5
Tip of vane 0.5~1
Vane Pump Sidl;s of vane 5~13
Piston Pump Piston to borg 5~40
Valve plate to cylinder 0.5~5
Valve Spool to sleeve . 1~23
Flapper/nozzle spacing | 40~80
actuator Slid b;aring ) 0.5
Hydrostatic bearing 10~25
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Table 6 Maximum increased temperature tolerance with 5.
res AP =Z -4 = £ p'Aq 03))]
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P 7 0T 140 C A71M z [N.s/m]E THolZel EA guniol
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Ell o] -g_,r.O/\/\EJ o] wkx —g,-_“:_;%__'u_'oﬂ
30 Mpa 5.64364 5.57591 C
P = ohgs 2t
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AP . ..
s _ | B P _ J2.1x1091000 S (@2
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Fig. 7 Increase tolerance of temperature at atmospheric

pressure
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