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AN ANATYSIS OF SIGNIFICANT DIFFERENCES BETWEEN SUCTION
AND DISCHARGE VALVES IN RECIPROCATING AIR COMPRESSORS

Zhong Shilien

Department of Power Engineering, Huazhong University
of Seience and Technology, Wuhan, China

ABSTRACT

Using the valve pressure loss equation, the suc-
tion valve power loss derived is about 64.3% of total
valve power loss, while the discharge valve power loss
only 35.T7% of it. In addition, differences lie between
the gtructures and operating conditions of suction and
discharge valves. Analysis shows that the mejor requi-~
rement for suction valve is to reduce power loss and
the requirement for discharge valve is higher than
thet for suction valve in seeling, strength and ser-
vice life. Based on the expeximental result, synthe-—
tical economical efficiency being congidered, a com=-
bined plan of valve arrangement im a range of reci-
procating air compressor for pneumatic power is dig-
cussed.

INTRODUCTION

For & rationally-designed and well-made air com~
pressor with the ring type valves, by means of modern
design method and experimental technique, the parame-
ters of valve are adjusted close to the optimun opera-
ting conditions, and the compressor is accompanied with
lower specific power consumption., The question is whe~
ther the specific power comsumption could be further
reduced through improving the valve again. The auther
thought of the straight-flew velve since in this type
of valve the pressure loss is the smallest among the
valves of seme diameter. The experimental investiga-
tion has shown that the suction gtraight-flow valve
gubgtituted for ring type valve can obviously decrease
the specifie power, which depends mainly on Mach num-
ber im ring type valve: the greater Mach number is,
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the more obvious the effect will be., But the dischar-
ge straight-flow valve substituted for ring type valve
shows almost no effect, in particular, when Mach
number is comparsatively small, the performence of
straight-flow valve is even worse than that of ring
type valve. Thig phenomenon shows that some signifi-
cant differences lie hetween the suction and dischar-
ge valves, as anelysed in the following,

In this paper, some macro analyses with regard
to these differences are made;and an economical plan
of valve arrangement is discussed on the bagis of the
experimental results.

DISTRIBUTION PERCENTAGE OF LOSS
WORK IN SUCTION AND DISCHARGE VALVES

There are already new methods for caloulaeting
valve logs work and the experimental date obtained
by means of modern measurement technique has rather
high aceuracy, but for general purpose ef compariaon,
in this paper, the values of ratio of loss work in
guction and discharge valves to total losgs work of
the valves are calculated by approximste eguetion
suggested in Reference(1)without using the sccurate
methods. Two-stage air compressor for phneumatic with
7 bar of discharge pressure is made ag & target for
calculation since this type of compressor is typiceal
&nd produced in large amounts.

Simplified Assumption

(1) The velves open fully for the complete velve
event and close at piston dead centre.

(2) According to the statistics data of air compres—
gor for pneumatic in our national L-type series
(double-action, water cooling) and V-type series
(single-action, air cooling), whem 7 bar of dis-
charge pressure, two-stage compression and plate
valve(ring types are used, the suction valve ac-
tion time is equal to about 140 degree of crank
angle, and discharge valve action time ig equal
to about 70 degree of crank angle in a cycle.

(3) The through-flow areas of suction and discharge
valves are equal.

(4) There is a same pressure ratio in both the first
and second stages, Let the pressure ratio =/
= 2.828.
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(5) Mach numbers in the suction and discharge valves
are calculated respectively under the suction
temperature 20°C, and the corresponding discharge
temperature, about 120°C,

Thug, the values of ratio of loss work in the
guction and discharge valves to total less work of the
vaelves can be calculated eagily by means of pressure
loss equation. A derivation is given in Appendix.

Calculating Results

(1) In the double-action cylinder the valve loss woxrk
ia about 64.3% of total loss work of valves and
discharge valve loss work about 35,7% of it.

(2) For the single-action cylinder (head side) the
percentages of loss work of suction and diacharge
valves are about 57% and 43% respectively.

The sbove calculation is certainly quite approxi-
mate gince some agsumptions are made. In practice, a&s
a result of complicated dynemic behaviour in valves
and differences in the parameters and operating com-
ditions, the meagured percentage of loass work is not
fully conslstent with above-calculated value. In par-
tieular, when valve dynamic behaviour is not ideal,
the incongistency is shown ebviously. But the above
caleulation st least provides & significent eoncept,
i.e. when through-flow capability in suction valve is
equal to that in discharge valve, the suction velve
power loss will be obviously greater than discharge
valve power loss. This concept is congistent with the
experimental results.

STRUCTURAL DIFFERENCES

As is well known, the clearance volume has in-
fluence on performence of compressor, in particular,
the first-stage clearance volume will reduce volume
efficiency of compressor and cause higher specifie
power consumption of it, hence, a gmall clearsnce
volume in the velve assembly is desirable.

The major structural difference between suctien
and discharge valves is thet the values of their
clearance volume are mot equal, and they are depended
on the type of valve, eperating conditiens, ete..

In typical plate valve design, according to the
strength requirement, for air compresser for pneumatic
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with 7 bar of discharge pressure, the seat height is
so small that the clearance volume of gsuction velve

is greater than that of discherge valve. Take the
well-known Hoerbiger type plate valve (8) as an exam-
Ple, only when the seat height is about 35-40 mm, the
two clearance volume velues are nearly equal, But in
air compressor for pneumatic the seat height usually
is about 20mm so that the clearance volume ef dischar-
ge valve is about 60% of suction valve elearance. In
addition, in our national air compressor series with
ring type valve, the value of ratio of discharge valve
clearance to suction valve clearance is about 0.7-0,85,

Just as opposed to the plate valve, in the strai-
ght-flow valve, the suction valve clearance volume is
much smaller than the disoharge velve clearance volume
and usually it is about 60% of the latter.

DIFFERENCES IN OPERATING CONDITIONS

The operating condition of discherge valve is
more critical than that of suction valve. Major dif-
ferences display in

(1) Discharge valve opens-and closes under the extre-
mely rapid pressure change so that the impaect ve-
locity in general is higher than suctien valve,
There is no doubt that the streas of discharge
valve 1is algo highewr,

(2) The operating temperature of discharge valve is
higher. Though it has no direct influence on fa-
tigue strength, heat atrain and store-up carbon
are more surious than those in suction valve,
which will cause more failures in operation.

(3) The leakege of discharge velve is greater than
that of suction valve because of the following
reagsons: the acting time of discharge valve in a
¢ycle is shorter than that of suction velve, hence,
the leakage time is longer; the average sealing
pressure 1s higher; and the heat strain reduces
gealing =ability.

The statistics datas shows that the life of dis-
charge valve usually is lower than that of suction
valve, And discharge valve meets with more failures
than suction valve, in particular, when lower quality
material is applied,
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(1)

(2)

(3)

(4)

QUESTION OF INTEREST

The obvious differences between the suction and
discharge valves determine the digtincet require-
ments for them. As analyzed above,the major re~
quirement for suction valve is to reduce power
loss and the requirement for discharge valve is
higher than that for suction valve in sealing,
strength and service life. However, to have a
small clearance ig the common requirement.

There is a great variety of valve type, however,
absolutely evaluating good or bad valve types is
not proper. In fact, the features of each valve
type determine a suitable range of operating con-
dition., Certainly, some of them have a wide range
of guitability (e.g., ring type valve) and others
have & narrower one fe.g., read type valve).

The above analyses show that using the same type
of suction and discharge valveg appears to be
imperfect. When the suction valve is of straight-
flow type and the discharge valve plate iype, not
only the power loss in the suction valve ig de-
creagsed effectively, but also the total clearance
volume of the valves is rather small, hence, in-
creasing the volume efficiency of the compressor.
The experiment we made in some air compressors
with different speeds has, to a certain extent,
demongtreted the above tendency. For example, the
experimental result obtained in & V-type air com-
pressor (capacity 9 M¥/min, discharge pressure
6.86 bar, speed 1490 rpm, air cooling) shows that
the s%eeific power is reduced from 6.01 to 5.76
kw/(M3/min).

The economical plan of valve arrangement is related
to the valve power loss, the cost of production,
the mervice life and compressor operating time
rate, the magnitude of annual production, and its
operating conditions, etc.. For the compressor
with high speed and great Mach number, both the
suction and discharge valves are arranged by strai-
ght-flow type valve, which will be advantageous,
but when Mach number in the valve is of average

or small value, selecting combined plan of strai-
ght-flow type and plate valve will be economical,
in particular, when the compressor operating time
rate is high and annual production is great. In
this case, both suction and discharge valves
should have a long and the same service life to
avoid much meintenance work., Certainly, produc-
tion of the valve assembly must be commercial,
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LAPFENDIX
CALCULATING THE PERCENTAGE OF LOSS
WORK IN THE SUCTION AND DISCHARGE VALVES

NOTATION

AD piston ares

a acoustic velocity

k retio of specific heat (mir, k=1.4)

M average Mach number in the valve

b average presgsure in plenum chember

AD instentaneous pressure loss across valve
R gas constant

3 piston stroke

T ges absolute temperature in valve

v instantaneous cylinder volume

Veq average equivalent velocity in valve

VSW cylinder swept voliume

X piston displacement from head end centre
W loss work in the valve

A Pressure ratio

6 crank angle measured from head end centre
£ erank/connecting rod length ratio
Subscripts

4 discharge

s suection

Abbreviations

CESV crank end suction valve

CEDV crank end Gischarge valve

HZSV head end suction valve

HEDV head end discharge valve

Calculating

When the average lach number in valve is smaller,
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the instantaneous pressure loss can be calculated
according to the following equation

/.\Pzig—zi(sina+ 2 5in20)* M’ (H

The loss work in suction and discharge valves
can be illustrated using the shaded area of p-v dis-
gram in Pigure 1. For simplicity, the areas can be
caleulated using the following integration.

% X
w=jv apdy :A,,jx apdx 2
'
where x; and x, are piston displacements corresponding
to v, and Vo

- A
X= %[u-cosaf Z (i-C0520) | %]
dx:%(smu%smze)de ' @)
Substituting (1), (4) into (2), we have
_ A7 A% N
WeAZ o [fearar

where 04 and 92 are crank angles corresponding to x
and x
. N | X
o (Sinf+ -’-;—.szﬂ)sz Sin'e + 3A5in9Cos8 )
In equation (6), the terms with A higher than second-
order are neglected. Substituting (6) into (%) and
integrating it, we have

- &Tp -Sin6 <058 6,
W= G M5 - §eosd) NIGE

The values of 6, and 0;for integration limid
are listed in Table 1 on the basis of assumption (2).
Let # = 0.2, substituting the value of 8 in Table 1
into (7), the loss work of the corresponding valve
can be calculated, as well listed in Table 1

0, 3 )
o (FASI )

Table 1.
valve 0, 0 8, W
name s deg. | deg. | deg.

cEsV | 220 | 360 | 140 | Wegs=11300 P VowMs
CEDV 110 | 180 T0 | Wegp=0.1909 By Vsu Mi '
HESV 40 | 180 | 140 | Wygs=1.0858 Py VawMi
HEDV | 290 | 360 | 70 | Wugp=03929P VawM]

in Table P‘-'-&Rs: 2’828%
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For double - action ¢ylinder, the average loss
work in the suction valve and that in the digcharge
valve are respectively

W= Mess? Wus = 110790, 14, M
W, = chg; Waep - 0.8255 R, VewMd

For single -~ action cylinder (head side) the
loss work of HzS valve and that of HED valve are reg-
pectively ‘"VH_ES and "’YILJD .

For double ~ action cylinder the percentage of
the discharge valve loss work to the total loss work
of valves is

Wa . 0.8255 Mg ®
WatWs — 0.8255MF 411079 M}
2 2
wh 2. Vaeg _  Vies
ere Md a2 = 2% 2 )
M‘z Vs:g - %:s (10)
S oA % RTg

According to aggumption (3), Vdu = '433 ’
substituting (9), (10) and T = 393.2, T = 293,2
into (8), we huve S

[
W, 0-8255 % 793.2
W, +dW = 2 8' i” x-! e =)
a7 Vs 0.8255x35s + 11070 2733
'then, \.Jﬁ .
Mg+, = 644 3%

Using the same meihod as for the single-cction
¢ylinder, the percentose of guction velve loss work
and that of dischsrsze volve loss work are about 57%
and 43%respectively
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Hoerbiger valve gample data.
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Fig, 1. Presgsure~volume diagram calculating
' 1dealized valve loss work
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