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TMPROVEMENTS ON REFRIGERATING SCREW COMPRESSORS OF LARGE CAPACITY

D. MOSEMANN, S. KRIENKE, VEB Kiihlantomat Berlin (GDR
S. NOWOTNY, VER Kombinat ILKA Luft- und Kdltetechnik, SFT, D%esdan
(German Democratic Republic)

1. INTRODUCTION

. Large screw compressors which are to be used in refrigeration
instellations gspecially on board of fishing vessels as well zas in
itazlonary refrigerating equipment are becowing increasingly impor-
ant.

pifferent details in design which show improvements to known so-
lutions ore demongtrated. The two-stage cycle of 2 screw coupressor
carried out in e single machine, the use of an economizer cycle, the
prgtection against gns pulsation at high pressure ratios are explai-
ned.

A possiblility to control the internal volume ratio is discussed
which enables energy conversion to be improved at varying ambient
conditions,

Pinelly the restrictioms will be discugsed which result from the
lubrication conditions of a refrigerating screw compressor working
under heat pump condition.

2. TECHNICAL DESCRIPTION
5,1 DETAILS OF THE DESIGN OF SCREW COMPRESSORS

Tn the GDR we have gained experiences for more than 15 years
with respect to desvelopment, manufacture, and long term operation of
refrigerating screw compressors having = theoretical volume flow rate
ranging from 300 to 2500 m3/h.

Screw compressors are superlor to conventional reciprocating
compressors regarding life time, servicing, reliability and require-
ments resulting from the local conditions. Screw compressord have
proved their advantages egpecially on board of ships where these pa-
rameters are needed in combination with a service-free running.

The small screw compressors up to a rotor diameter of 153 mm
are both azially and radially embedded in ball beerings whereas the
larger rotors are radially embedded in slide box bearings and axiaslly
in ball bearings. With the exception of the compressor having a volu-
me flow rate of 450 a3/h the main rotor ig driven. See Fig. T

Pig, 1

fross-sectional view of an
large open-type refrigera—
ting serew compressor
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4 pressure-asgisted balancing disk reduces the axizl forces of
the main rotor which is driven by an slectric motor. ¥hen uging the
propulsion of the latersl rolor, the gas forces influencing the main
rotor are compensated by means of the gearing of teeth, and the axial
reactive Torce will sffect the lateral rotor aad it has to be compen—
sated by means of a pressure-assisted bulencing disk. Below the rotor
pair a control gear is installed in axisl position which by means of
hydraulic forces infinitely controls the refrigerent flow rate bet-
ween 100 and approximstely O to 15 per cent. The appropriate signal
box which belongs to the control gear is pogitioned within the guc-
tion chamber resulting in a compact design. The position of the con-
trol glide is shown by means of a hermetically sealed position indi-
cator which is uged for part load control =s well.

2.2 MEASURES TO IMPROVE ENERGY EFFICIENCY

An impoxrtant measure to improve the energy efficlency was the
optimization of the discharge port which resulted in improvements of
the part load conditions and a reduction in the power inpul rating of
60 per cent at 50 per cent Tlow rate.

In order to incremse the refrigeration capacity and to improve
the coefficient of performance (COP) each screw coupresgor has an
additional suction inlet, which is connected wilh the working chamber
when the suction process hes finished. This sunsrcharge in combinati-
on with an economizer makas possible a two-stage viorking process by
which the COP of the screw compressor is incressed in the order of 30
to 40 per cent /3,4/. See Fig. 2

Compressor

Condenser

Evaporator
nomiser cycle
Economizer

By injecting liguid refrigerant into the working chaisber the
SCrew compressor can work without or with a reduced o0il cooling faci-
lity depending on its application.

The screw compressors are equipped with a movel system /5/ which
protects them against pressure pulsation when working at highh pressu-
re retios. This system cperstes in such = manner thet a channel which
connects the discharges chambsr and the working chamber reduces the
free energy which initiates the gas pulsation at part load conditions
near the zero flow rate so that resonance pulges will not be stimula—
ted. This procese is controlled through the control gear in the upper
region of part load.

n Pig., 3
[ 1~ low pressure, 2- high pressure
1 TE compressor, 3- coil separator,
Jgl ) i 4- suction shut-off valve, 5,7-
=i i ! . back pressure valve, 6,12,15- fil-

ter, 8- shut-off valve, 9- injec-
tion of liguid refriserant, 10~
additional suction inlet, 11- oil
return, 13- oil pump, 14- o0il coo-
ler, 16,17- hydraulice controls,
18- safety appliances

We have gained apecial experiences with screw COmMPresSsors wor-

king av two-stage conditions in an apparatus /6,7/. See Fig, 3. In
this apparatus the discharge side of The low presgure compresgor is



directly comnected with the suction side of the high pressure com—
pressor. A common oil gseparator and a common oil cireult are instal-
led together with the whole equipment on a joint frame, and sre fac-
tory assembled and tested. Such a mnit cen work atb evaporating tempe-
ratures of -55 9C and condensing temperatures of 36 °C using R22 as
refrigerant and cooling water of 30 ©°C.

The quantity of 1C0 ppm oil which is to be found in the refrige-
rant flow ecrossing the two-stage screw compressor unit is compensated
by means of a special devise which mskes the refrigerant oil iree.
See the simplified cycle in Fig. 4. With a special facility 10 per
cent of the refrigerant flow rate of the high pressure line are com-
pletely evaporated in a heat exchanger for oil return and are then
again conducted to the supercharge inlet of the low pressure compres—
sor. The heat needed to evaporize the part flow rate is then used for
cooling the condensate before being expanded, which enasbles this cyc-
le to increese the refrigerating capacity in the order of 10 per cent
without an increase in power input rating. It should be mentioned
that this cycle cennot be implemented when applying & conventional
piston compressor.

Fig. 4 - Schematic view of the eyele for oil return

When using oil return this installation can use oil having a low
solubility within the refrigerant at low avaporating temperatures
(concentration of oil within the refrigerant at 0.1 per cent).

2.3 SAFETY APPLIANCES

The compresaurs unit 1s equipped with a back pressure valve and
safety appliances which protect 1t against

_short circuit of the elsctric motor

~Llow suction pressure

-high discharge pressure

—high oil temperature

—superhesat

~high pressure loss in the oil filter

_low o0il pressure or missing 0il flow on the flow control sensor

and enable the unit to work around the clock without asupervision,
infinitely working part load control as well as unloaded gtart and
stop.-

2.4 FURTHER POSSIBILITIES TO IMPROVE EWERGY EFFICIENCY

s @ pesult of B end D there has been a general change in the
number of teeth on the mzin and latersl rotor from 4/6 to 5/6 resp.
simulteneously a controllable internal volume ratio has been built
inte the secrew colpressor which allows the ratio to be infinitely va-
ried From Vi = 2 %o 5. This ratio control is combined with part load
control which makes possible an infinite varistion of the internal
pressure ratio sf full load as well as the regular part load control.
See Fig. 5. Two different solutions have been studied:

1. Vi-control by means of variation of the radial discharge outlet

opening ratio. See Fig. 6. ] o . )
Tn thig cese the fized stroke, the so-called wiift limiter", is shif-
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Fig. &5 Tig. &
Controllable internal volume Vi-control by means of the radial
ratio discharge outlet opening ratio

ted at full load position =so as to chenge the infermal compression
ratio at full load only. The variation of the Vi-value or +he part
load control ie carried oul in suck a wmenner that the spring-zseisted
1ift Timibter is locked (part laad control) or unlocked (Vi-variation).
In the first cese the control slide iz shifted alone whereas in the
second case the control slide snd 1ift limiler are shifted together.
See I'ig. 7.

suction opening

N

discharge opening Fig. 7
Schematic view of the Vi-con-
trol using hydraulic actuation

Pail .
Po Poil ek control slide

lift limiter

2. Vi is controlled by means of varistion of the axisl dizcharge
outlet opening ratio.

In this case the front wall on the discharge ccnsists of circular

disks. By making theee control disks of Tixed and movable segments

the control edge which fixes the beginning of the outlet can be chan—

ged by rotating the movable seguments. This control strategy enables

the Vi-valus to be varied both ab full snd part load.

Vi-control does away with an luportant drawbsck of the screw
coupressor which normelly sppears when the compressor cannot be ope-—
reted under conditions it was originelly designed for. See Fig., 8.

By completely adapting the screw compreasor to the smbient conditions
it can always be operated with highest elfficiency. When operated on
board of ships under varying climatic conditions the ship owner will
save 20 per cent of the energy costs when using Vi-control. See

Fig. 9.

2.5 SATEGUARDING THE LUBRICATION

In crder to safeguard the lubricstion of large screw coupressors
which use slide box bearings a certain minimum of viscoeslity has to be
guaranteed do as to the hydrodypamic lubrication conditions inm the
bearings. The upper limit of viscosity needed for the lubrication of
the bearings may be in the range of 7 to 12 oS8T depending on how the
operating limifs, Lhe bearings geometry snd the numbsr of revolutions
were fixed. When the compressor is operated with refrigerant R12 at a
condensing termerature of 77 9¢, which corresponds to a pressure of
2.07 1Pa, protection ageinst evaporation of the refrigerant from the
¢il must be ensured by means of = pressure rige using an oil pump and
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Fig. 8 - Tunctioning of the Vi-control when the screw compressor
worlks under conditions it wes originally not designed for

an additional oil cooler. Tor this oils with a generally high level
of viscosity are necessary. As a2 result the gap within the slide box
bearings of the main rotor which pevolves at a higher speed must be
carried out in the owder of two pro mill to ensure higher hydraulic
friction. As s result of the increased oil flow rate the increass in
temperature will be peduced. The slide box bearing of the lateral ro-
tor therefore lhuas to be ecarried out with a relative gap of one pro
mill in owder Lo guarantee the capability of bearing.

pnother possibility to solve the problem would be to control the
equilibriun of the sil-prefrigerant-mixture at an intermediate pressu-
re level closc bto the suetion pressure in order to ensure a sufficient
0il vigcosilty within the bearings. This solution, however, requires
additional equipment.

3. CONCLUSIONS

The improvements on SCrew compressor design as shown above have
provad that there are further possipilities which ghould be taken
into cougideration. Improvements in tooth geometry and tooth shape
aceursey will result in higher energy efficiency.
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AMELIORATIONS APPORTEES AUX COMPRESSEURS FRIGORIFIQUES A VIS DE GRANDE
PUISSANCE

RESUNME: Les grands compresseurs 4 visg destinés 4 1l'utilisation dans
des installations frigorifiques, nobtamment pour les bitaux de pfche
mzis ausel pour les installations [rigorifiques terreztres, o'impo-
sent de plus en plus.

Lez aulers monlrent différentz délails de consbruclion quid représen-
tent des améliorations par repport aux solulions connues Jusqutici.
On explique le fonctionnement bi-Btagé de compresseurs A vis dans un
agrégat, le service Bconomiseur, la protection contre les oscillati-
ons du gaz dans les cas de taux de compression &levés.

On discute la solutionm pour le réglage du vapport du d&bit volume en
vue d'améliorer l'econemie d'énergie dans des conditions de Tontion—
nement variables.

Finalement, on montre les limites d'utilisatiocn des couw resscurs fri-
3 P

gorifiques & vis en fonetionnement de pompe 2 chaleur du point de vue
de la tribologie.
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