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Some Effects of lnjection Oil on a Screw Compressor 
for Application in Refrigerant R-134a Air-Conditioning Systems 

J. Souls, La C rosse/USA 

Zusammenfassung 
l:rgebnisse der experimenrel/en Untersuch ungen von Ölein1pritzung mit einem 
Schraubenkompren·or, der fiir Gebrauch in den R-1 34a Klimaanlagen bestimmt ist, 
werden überpriift. Einfluss der Ölst römungsgeschwindigkeit, Öltemperatur, die Stelle der 
Ei/1.\pritzöjjiumgen und der Gebrauch von zwei Art Diüen wird umfaßt. l:.'xperimentelle 
Umersuchungen der Eigemchaften des Öls, das Kältemittel während die Verdichtung 
auflöst und freigibt, werden auch be~prochen . Au.ifiihrliche Me.l'.\'llllgen des 
Verdichtung.1p rozesses und einer thermodynamischen Simulation werden ven vendet, 111n 
das Ve rhältnis zwischen die c'in <.elheiten der Öleill.lpriiZllllg und der resultierenden 
Kompressorleistung zu erklären. 

Abstract 
Rel'lllts of experimental studies ofoil injection with a screw compressor designed for use 
111 R-134a air-conditioning systems are reviewed. Elfecrs of oil j low rate. oiltempemture, 
the /ocation of oil injection ports am/the use ofspecialnozz/es are covered. Experimental 
studies ofrh e properlies of the oil, which will dissolve and release refrigemnt vapor 
during the compression cycle, will also be discussed. Detailed measurements ofthe 
compression process and then nodynamic simulations are used to explain the relationship 
between the detai/.1· of the oil injection and the resulting compre.1·sor pe1jormance. 

lntroduction 
-1 hc work rcportcd here is part of the deve lopment of hi gh performanee R- 134a screw 
compressors for use in air-concliti oning systems. Specifica ll y, the sluclies carried out are 
Jntcncled to f ind pract ica l methods of using oil injec tion to achieve lhe best performance in 
current product ion compressors. ln additi on, tests and analyses were carri ed out to idcnti fy 
the unclerlying reasons why lhe different oi l injecti on methods affec ted the perforrnance or 
he compressor ancl to use lhi s know ledge lo improve ex isling lhermodynamic dcsign 

models. 

A II terat ure survey shows that stud ies of oi l injecl ion effec ts have been carTicd out inthe 
Fachgebiet Fluidenergiemasch inen (FEM) al the University of Donmund, references II/ 
and /2/. Work is also repo11ecl al thi s conference ancl in FEM Research Reporls 
pub li cat ions, references /3/, /4/ ancl /5/. Plan s and some of the les t resulis for thi s project 
wcre reviewed w ith FEM as pan of a cooperalive effm1 for thi s study of the R- 134a screw 
compressor. 

T here were three major experimental elements lo the investi gation . Aseries of 
performance tests were cmTied out during which se lecled oil injeclion paramelers were 
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varied and overall compressor performance measured. At the same time, high-speed 
pressure transducers were installed in order tu acquire indicator diagrams. Fina ll y, a 
special test device was bui lt to all ow us to observe the oil rlow characteri sti cs of the plain 
bore and spraytype nozzl es used in the comprcssor tests. In additi on to the fl ow 
visualizati on, thi s test rig all owed us to measure the amount of refri gerant vapor escapi ng 
from the oil as a result of the prcssure drop at the point o f injection . 

Section 2 describcs the ovcra ll comprcssor performance tes ts. I lere, the various test 
confi gurati ons are defined and the efTects of injection parameters on overal l compressor 
performance are presented. Results from the indicalor diagram measurements are rev icwcd 
in Section 3. lnjection visuali zat ion and refri gerant relcase from the injcctcd oi l arc 
discussed in Section 4. Compari sons of the test results wi th ca lculati ons using a 
thermodynamic Simu lat ion of thc compressor arc given in Section 5 and a summary and 
conclusions are offcred in Secti on 6. 

2 lnjcction Effccls on Comprcssor Performance 
A transparent housing view of the compressor is shown in Pigure I . O il cntcrs thc 
compressor al the filtcr and is thcn sent to Jubri catc the bearings and to the injec ti on imo 
the compression chamber 
in the rotors for cooling lnlel 

and sealing. ln thi s study, 
only vari ati ons in the 
rotor i nject ion oi I are 
considered. ln the normal 
producti on compressor, 
oi I cnters i nto the rotor 
compression chamber 
through a simple bored 
hole near the cusp -- the 
intcrsection of the male 
and female rotor bares. 
For thi s invest igati on, 
two port locati ons are 
tcs ted. The po1t locati on 
is defi ned by the volume 
rat io of the compression 
space at the point at 

suclion 
bea rtngs 

rotors 

lubrlcanl lo 
d1scharge 
boarings 

18avlng filler 

Figure I 
Screw Compressor with Oil lnjecti on 

whi ch the space is first in communicati on with the oil injcc ti on port. The port locati ons an: 
designated as location A , nearest the inlet end of the rotors, and locati on B, set nearer the 
di seilarge end. The ports are at volume rati os of 1.2 and 1.5, respectively and are located 
38 mm apart -- about 16% of the overall rotor length. Portlocation Bis as fa r into the 
compress ion as possible. Oil supplied from a dischargesiele oil separal or ancl sump fl ows 
due to the pressure difference between the sump and the point of injec ti on. l f the injection 
point is movedtoo near the di scharge port, pressure at the port can be higher than the 
pressure in the sump and no oil can flow to the rotors. 

Tests were run with varying amounts of oi l injec ted into eilher port A or port B. In 
addition, tests were run with both cooled and uncooled oil. Results are shown in Fi gure 2. 
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in all cases, the compressor was Operating at a presstu·e ratio of 4.6 with a ma le rotor 
rotational speed of 3550 min-1. EITiciency shown in the figure is refen·ed to the efficiency 
of the run wi th highes t fl ow rate of uncooled oilthrough port A. Oil fl ow is shown as the 
1njection oil fl ow in Iitersimin rela tive to the compressor inlet refrigerant vo lume fl ow rate 
1n m 1/mi n. For the cooled oil runs, oil temperature is maintained at 57°C. 
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Effect of Oi l Flow Rate, Port Location and Oi l Coo ling 

In the f igurcs, data w ith the open symbols anclthe dotted line (a linear fit to the clata) are 
for port locati on A; solid symhols and heavy, so lid lines are for po11 location ß. The li near 
fit of the data for cooled oil and port locat ion ß from Figure 2a is shown also in Figurc 2b 
a~ the thin , solid line. 

[: )(amination of the data in these figures reveals the following: 

I . Lower oi l fl ow rate improves performance in all cases. 

2. There is not much difference in thc rate of change of performance with changi ng oi l 
fl ow rate, butthe effect o f fl ow is greatest for the case of uncooled oil th rough port A. 

3. se of port locat ion ß is generall yheller than part lacatian A e)(cept at the llighcr 
fl aw ra tes af cao led ail. 

4. Caoled oi l provieles hi gher pcrfannance th an uncaaled oil, especially at hi gh fl ow 
rates with port lacation A. 

Combinati ans af injectian lacatian, fl aw rate and temperature can create a wide rangc af 
pcrfarmance results. In these tests, the best pcrfarmance (caaled ai l , lacati on B, low flow) 
resu ltcd in an increasc af 4.3% in effi ciency campared ta the bascline (uncaalecl ail , 
locatian A , high fl ow rate). 

Same af the data from these tcsts is di scusscd in 
more detai l in canjunctian with thc analysis of 
the indicatar diagram resul ts presentcd in Sectian 
3. 

In additi an to the plain bare injecti an ports, two 
nazzle typcs were stuclied. Tests werc run with a 
hollow cane type nazzle in pasiti on ß ancl a fan 
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Hallaw Canc Flat Fan 

Fi gurc 3 
Nazzlc Spray Patterns 
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nozzle in positi on A. Spraypatterns for th e two nozzle types are i ll ustrated in Figure 3. 

Data was taken for uncooled oi l with cach nozzle running separately and with injecti on 
through both nozzles at thc same time. ln addit ion to the pattern of the spray fl ow, both 
nozzles are intcnded to provide atomi zati on of the oi l, increasing the numbcr of droplcts it 
the flow . The goal is to increasc the total surface area of oil droplets in the tlow and 

1 

thereby raisc the effecti veness of the oil -to-refrigerant heat transfer proccss. The flat fan 
nozzle used has a max imum tlow rating of about 5 1/min and the hollow cone nozz lc is 
rated at about 10 1/min. An ex ternal flow contro l va lvc that was used to vary the fl ow rate 
for the tests with the plai n borcs was removed when testing the nozzles to eliminate the 
prcssure Ioss and allow the maximum possible fl ow through the nozzles. 

Rcsults arc shown in Figure 4. D ata wi th the solid symbols and heavy solid Iinc is for the 
tcs ts with the nozz lcs . Thc Iowest fl ow point i s from use of the fan nozzle in Iocati on A . 
Thc hollow cone nozzle in locat ion B provides the data at the intermediate flow rate and 
run ning both nozzles at the same time givcs thc third point at the highcs t fl ow. 
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Thc li ght wcight, dashed Iine in cach fi gure shows the pcrformance of the plain bore 
confi guration in Iocation A ( from Figurcs 2a and 2b) ; the li ght weigh t, solid li ne is for thc 
plain bore at Iocat ion B. 

From the data in Figure 4, it appears that use of the nozzles has some bencfit. Thc fan 
nozzle in position A provides higher performance than the plain bore at the same fl ow for 
both cooled and uncooled oi l. The same is true for the hollow cone nozzle at positi on B. 
Within the uncertainty of the data, the fan and cone nozzles provide about the sa me bcncfit 
relative to their baselines with the plain bores- the fan nozzle data compared to the plain 
borein loca tion A and the cone nozzle COillJMrcd to the plain borein loca ti on B. On 
average, the use of nozzlcs improves cff'ic iency relative to use of the plain bores by 0.5%. 

Some insights into why the pcrformance variations occur can be found in rcsults of thc 
indicator di agram measurements and compari sons with rcsults computed using the 
thennodynamic model. Results of these analyses are di scussed in Sections 3 and 5. 
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3 Indica lor Diagram Analysis 
T he ef fects of the vari ous oi l injection paramctcrs on overall pcrformance can be sccn in 
the di f ferenccs in thc pressurc-ti me traces recorded fo r all of the tests. The oil has several 
d i rec t effects on performance: 

1. Reduction in gas space vo lume in the compression chamher and a correspondi ng 
increase in the time rate o f changc in the gas space volume. 

2. Heat exchange w ith the re fri gerant vapor. 

3. Sea l i ng o f leakage gaps. 

4. Power required for fric ti on and accelerati on of the oi l. 

5. l ntroduction of vapor from the high pressure oil separator through relcase of dissolved 
re fri gerant and carrying andrelease of di ssolved refrigerant through leakage gaps. 

A ll of these factors wi ll affec t the pressure in the compress ion chamber. To i llustrate the 
effect of varying oi l injec ti on parameters, data frorn the ru ns wi th the plain bore inj ection 
ports for the points o f hi ghest and lowest efficiency shown in Figure 2 are compared . The 
run w ith the lowest effi eiency is that wi th the hi ghest fl ow o f uncooled oil th rough port A 
(Lest run number 14) while the hi ghest efficiency is achieved wi th injecti on o f coo led oil at 
the lowest fl ow rate through port B (test run number l 8). T he pressure-time data for thesc 
po1nts are compared in Figure 5. 
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Figure 5 
Presstu·e-Time Data for Plai n Bore lnjection Port Runs 

1 he enti re compression process i s shown on the lcft side of the figure. T he port ion of thc 
process duri ng w hi ch oi l is injected into the compression chamber (box in the chart on the 
left) i s magnified and shown in the right hand side of the f igure. T he rangc o f comprcssion 
ovcr which oi l is injected is identi fied by the cross-hatched boxes, one for port locati on A 
and one for locat ion B. 

1 he re lative performance of the two runs compared is shown in Table I . T he test using 
port A at the highes t fl ow rate is the rc fcrencc run for all tcsts and all pcrforrnance 
parameters are shown w ith values relati ve to the data recorded for thi s re ference condi tion. 
As can be seen in the table, the i sent rop ic ef ficiency increased by 4.3% w ith the lowcr fl ow 
o f cooled oi l , inj ccted through the hi gher pressurc port B locati on. T he improvement 
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reali zed consisted of a 3.2% reduction in indicated work and a 1.1 % increase in del i verect 
now (volumetri c effi ciency). 

Table I 
Lowest (Run 14) and Highest (Ru n 18) Effi ciency with Plai n Bore l njection 

Test: 14 - Relerence 18 

lnjection Port A 8 

Oll Temperature BO"C 57"C 

Oil Flow (l/m3
) 4.0 1.1 

lsentropic Elliciency 1.000 1.043 

Volumetrie Elliciency 1.000 1.011 

Power 1.000 0.9683 

lndicated Work 1.000 0.9710 

Using the measured pressures, the indicated work (area of the pressure-vo lume curvc) of 
run 18 is 97. 1% ofthat measurcd for run 14 , only 0 .3% different from the rati o of thc 
mcäsured inpul powers for the two run s. 

Exam ining the prcssure data in Figure 5, we can sec that uncoo lcd oil injected inl o pon 1\ 
results in higher pressures than seen in 1he case of the injecti on of coo led oi l into port ß 
beginning almost immediately at lhc start of the injecti on process with port A. ' 

lnjeetion oil affects compressor perfonnance as defined at the beginn ing of thi s sec tion, 
and these factors are seen co llecti vely in thc pressure-time data. Howevcr, thc indi v idua l 
cl'fects cannot be separated using onl y the pressure data acquirecl du ring thcse tcsts. Onc 
way tu begin toseparate out thc effec ts is through use of the thcnnodynamic rnoclel 
developed for design and analysis of rcfrigerant scrcw comprcssors /6/. The rnoclc l 
contains analyscs of the fi ve effccts li sted. The effccts of the changc in gas spacc vol urnc 
and the introducti on of the vapor re leased from the refrigeranl can be quantified fairly weil 
in the model , the laller effecl as a result of tests carri ed out during thi s sludy ancl rcponed 
here in Sect ion 4. Following the review in Section 4, some ana lyses of the lest resu lts 
madc using the thermodynamic Si mulati onare presented in Secti on 5. 

4 Oil Flow Through Jnjcction Ports 
A special lester was constructed 10 allow visualizati on of the oil J'l owing through thc 
various injection porl geomelries used in the compressor tes ts. The lest sec tion is shown in 
Figure 6. A special cartridge inserl is made w ith 
the bore or nozzle con fi guration to be tested. 
Thi s cartridge is mounted in the lest head, part 
A in the figure. T here is a toothed-wheel on the 
lest head that can rotate during testi ng 10 

simulate the passing of the screw rotorlobe 
lips. Windows B, C and F allow for li ghting, 
viewing, photographing ancl video taping of the 
now lcavi ng the injection port. 

T he test sec ti on is connec ted 10 the compressor 
on the lest stand. Oi I i s provided from the 
compressor high pressure oil separator to the 
carlridge at locati on A . A va lve and now meter 

0 (drain) 

Figure 6 
lnjecli on Port and Nozz le T es t Sect ion 
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arc provided in thc line 10 control and mcasurc the oil fl ow. Oil flows into thc tcs t secti on 
where fl ow pattcrns are visua lized and rccordcd th rough the wi ndows. Thc oi l co l lects in 
the chamber and fl ows out th rough thc drain , D, which is connected to thc comprcssur 
mlct pipc. A va lve in this linc is uscd to insurc th at the chambcr always has oi l in thc drain 
sump. Rcfrigcrant dissolvcd inthc oil in thc comprcssor scparator is rcleascd as the fluid 
expands to thc lowcr lest seeti on pressure through the noule. The vapur can fl ow through 
thc vcnt, E, which is also connccted to the compressor in let pipe. A valve in thi s line can 
bc used lo control the test secti on prcssure and a fl ow mcter is provided to mcasurc thc 
amount of refrigerant re leased frum the injccted liquid . 

F-l ow through a plain bore injec ti on purt as seen in the tes ts is shown in 1-'igure 7a. 
1-lgurc 7b shows the fl ow through the fan nuzz le. In these photos, the vicw is through 
w1ndow 8 (Fi gure 6) w ith the li ght suurce at w indow C. ln thi s tes t, thc wheel was 
\ tallonary ;md the flow through the port s is directed between two of the tecth. 
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Figure 7 
Vi sualization of Flow Through lnj ec tion Port s 

The visuali za tion tests were useful in detcrmini ng thc fl ow pattems from thc ports, 
espccial ly from the fan and cone nozzles. T here was some question as to whether or not 
the nozzles would prov iele the proper shape and atomization due to thc efTec t of thc releasc 
of the refri gerant vapor. However, as can bc seen in Figure 7b, the fan nozzle providcd thc 
dcs1red fl ow pat tern (Figure 3); thc same was truc for thc cone nozzlc (not shown). 

In addition to the visuali zati on, thc measuremcnt of thc liquid fl ow in and the li quid and 
vapor fl ows out of the test sec ti on prov idcd va luable data on thc re lease of dissolvcd 
re fngcrant from the injection oil. 

A model of the re lease of oil was developcd for use with the thermodynamic Simulation . 
0 11 -re frigerant property data prov ided by the lubricant supplier i s used to define the 
amount of refrigerant di ssolved i n the oil based on the pressure and temperaturc of the 
hqUi d in the o il separator. T hi s i nformat ion allows comput al ion of the enthalpy of thc 
l1quid . An i terati ve scheme is then employcd to cumpute the amount of refrigerant in 
'>olution after an isenthalpic expansion to a lower pressure, as wou ld occur at thc inj ec tiun 
port. 

A fter the inj ecti on port tests, the measured and computed re fri gerant fl ows could bc 
compared. T he results are shown in Fi gure 8 wherc the measured fl ow is compared to thc 
calculated fl ow. The solid symbols show the data and open symbols the computecl rcsults. 
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Thc data co l lected for di spl ay in Figure 8 was Iaken with the compressor runn ing at its 
ful ly loäded rating condition. in this casc, thc amount of refri gcrant rcleascd from thc oil at 
thc low oil fl ow rates (data around 0.3 litcrs/m3

) is about 0.5% of the comprcssor' s in lct 
mass flow rate. A t thc higher oil f lows tcs tccl (data points around 1. 1 liters/m3

) thc rate of 
refrigerant released from the oi l is about 1.5% of thc total cornprcssor fl ow rate. 
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Refrigcrant Rcleased from lnjectcd Oil in Nozzlc Tester 

A hypothesis of thc study is that differences in the amount of refrigcrant re leascd from thc 
injccti on oil andin the loca ti on of thi s rclcase in thc compression proccss will causc 
mcasurable changes in the overall compressor pcrformance. Results frorn thc nozzlc tests 
in Figure 8 show that thc computed refri gcrant releaserate characteristics arc simi lar to thc 
mcasurcments. Thus, it should bc possible to approximate the effect of thi s factor on 
cornprcssor pcrformance with a thermodynarnic simulation of thc compressor using the 
refrigerant relcase model in the anal ysis. Rcsults of thcse studies are reviewecl in thc ncxt 
sec tion. 

5 Performance Analysis using a Thennodynamic Simulation Pt·ogra m 
A comprehcnsive thermodynamic simulation for semi -hermct ic screw compressors /6/ is 
used to compute thc cffcct o f changes in thc oi l injection clctai ls tcsted du ring th is projecL 
The effects of the vari ous oil injecti on schcmes on overall performance and indic:.nor 
diagram dctail s have been reviewed in Sections 2 and 3. Onc important detai l of the oi l 
injec tion, the amount of di ssolved refri gerant released du ri ng the injecti on process. was 
mcasured as described in Section 4. 

The purpose of the Simulati on analysis is to quantify the effect o f the relcase o f di sso lvcd 
refri gcrant on comprcssor pcrfonnance. Forthis report , the simulation is carri ecl out for 
test runs 14 and 18, tes ts using plain borc injection ports with thc lowest and highcst 
effi ciencics, respectively. A ll model ing inputs arc the same for the simu lati on of cach ,-un , 
except for thc actual operating condit ions and details of the oi l injcction. T he nominal 
operat ing conditi ons specified for thc tcsts are the same for both runs. In the ac tual tcsts. 
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sma l l differences in the inlet and di se ilarge pressures resulted in operating pressurc rati os 
for runs 14 and 18 of 4.7 and 4.6. 

Thc p1i mary differcnccs in ru ns 14 and 18 arc that run 14 was run with a high injec tion 
now rate of uncooled oi l into the port in locati on A while run 18 was run with a low fl ow 
of cooled oil into port 8. Using computed pressures and temperatures in thc oil separator 
and thc calculated average prcssure at thc oil injec ti on port , the oil -rcfrigcrant modcl was 
used lO dctermine the amount of refrigerant rclcascd from the oil during the injcct ion 
proccss. The simulati onprogram input all ows for speci fi cati on of the size and locat ion of 
thc injcction po11 and details of thc oil supp ly from thc scparator. A res tri cti on inthc oil 
supply line is used to simulate the control va lve uscd in the tcsts. T hc va lue of the 
res tricti on fac tor was adjusted inthc model until thc computcd injec ti on fl ow rate was the 
sa measthat measurcd for cach run. 

Rcsults of the simulati on are shown in Figure 9. In thi s compari son, all cffi ciencics arc 
compared to the ac tual test effi ciency for run 14. The simulati on resulled in a computed 
effic iency for run 14 equal to the measured value (relati ve efficiency = 1.00). The relati ve 
effi ciencies from tes t and simu lation for run 18 are 1.043 and 1.062, respectively. 
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Figure 9 
Measured and Computed Performance Campari san 

According to the oil/refri gerant model, the amount of refrigerant relcased fromthe injectcd 
oil is 16.9% of thc injec ted mass fl ow for run 14 and 20.9% for run 18. The actual amount 
0f rcfrigerant releascd fromthe oi l is 4.5% of th e compressor in letll ow rate for run 14 , 
whcrc thc wtal oi l injec ti on fl ow rate is highest, and 1.9% for run 18 with the lower 
1njccti on rate. 

ln add iti on to the higher amount of refri gerant released, the higher fl ow rate of uncooled 
01 1 returns mure heat to the compress ion process for run 14 . Basedon results fromthe 
~t mu lation, the uncooled oi l injected during run 14 adds 1.2 kW of heat to the compression 
whi le the lower fl ow rate of coo led oi l for run 18 removes 2.2 kW from the compressed 
gas. The result i s a net benefit for the run 18 injec ti on confi guration as the compress ion 
afler the oi l is injec ted takes pl ace at a lowcr tcmperature. 
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Thc computcd refri gcrantlemperatu rcs ancl pressur·es during the comprcssion proccss an: 
shown in Fi gurc 10. Calculatcd tcmpcratu res are shown in Figure IOa anct prcssur·cs i n 
l Ob, prcscnted as the rati o of thc comprcss ion space pressure to thc inlcl prcssurc. Thc 
hcavy linc in thc ri gurc represent s run 14 wherc uncoo lcct oil is injec tccl into port A. T hc 
computed tcmperatures anct pressures for run 18 are shown wi th the li ghter wcight l inc. ln 
thi s casc, coolect oil is injectecl into port 8, locatcd funher into thc compression process 
than porl A. The cross-hatchect bars show thc range in thc co mpress ion process du ring 
whi ch oil is injected inlo the ports A and 8. 
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Figurc 10 
Computecl Properli es Duri ng the Comprcss ion Process 

Data from Table I is reproduccd in Table 2, where thc rcsults of the computcd ctiffcrcnccs 
in performance bctween runs 14 and 18 are comparcclto the measured diflerences. A s sccn 
in Figure 9 anct in the tablc dctail s, the ca lculatccl efTi ciency improvcmcnt of run 18 
relati ve to run 14 is greater than that actually reali zed in the tests. 

Table 2 
Lowest (Run 14) and Highes t (Run 18) Effi ciency with Pl ain Bore l njection 

Run 18 

Test: 14 - Reference Test Computed 

lnjection Port A B B 
Oil Temperature 80' C src src 

Oil Flow (11m3
) 4.0 1.1 1.1 

lsentropic Efficiency 1.000 1.043 1.062 

Volumetrie Efficiency 1.000 1.011 1.010 

Power 1.000 0.9683 0.95 10 

lndicated Work 1.000 0.9710 0.9489 

One possiblc cx planati on for the difference in the measurect ancl computecl bencfi ts is that 
the reduced injec tion flow rate-- 8 !Imin for run 18 compared with 28 1/min for run l..J -­
Ieads to less effecti ve scaling in the intcrnal clcarances, with incrcased lcakagc ofl sc tti ng 
the improvcment rca li zed from the reclucti on in refri gcrant rcleased into thc comprcss ion 
with the injcc ti on oil. In the ca lculati ons, lcakage fl ow areas and fl ow coc fTi cicnts are thc 
same for both run s. 
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Tests with the fan and cone nozzles showed that performancewas impruved sli ghtl y when 
compared to the plain bore tes ts (Figure 4) at the same injection rate, injecti on locati on and 
1njecti on temperatu re. Compulati ons with varyi ng oil - to-refrigcrant hea t transfer ancl 
lea kage fl ow coe ffi cients show that a combinati on of increasecl heat transfcr (whi ch would 
arise from the increased surface area of droplets from the nozz le) and an increase in 
leakage were necessary to compute cffi cicncy improvements seen inthe tes ts. The model 
used is quite simple and work is stillunderway tu understand the actualmechani sms by 
which the nozzles were able to result inthe additi onal performance improvements scen in 
the tes ts. 

6 Summary and Conclusions 
Tests with a variety of oil injec ti on opti ons were carried out with an R-134a screw 
compressor. We looked at vari ati ons in fl ow rate, injecti on temperat ure, location of the 
mjection porl and porl conl'i gurati on -- pl ain bare ur spray nozzle. The overall resul t was 
tha t compressor effi ciency could vary by 4.3% depending on the choice of injection 
parameters when using a plain bare as the injec ti on port. Use of spray-type nozzles 
prov ided an additi onal 0.5% effi ciency impro vement. 

For the refri geration comprcssor, use of a low l'l ow rate of coo led oil inj ec ted relati ve ly 
la ter into the compression process provided the bes t rcsults. The improvcmcnt is due to a 
combination of a reduction in the amount of refri gerant carried from the higher pressure 
s1de in the oi l to the compression space and a reducti on in compression tcmperature. 
Ca lculat ions of these effects predi ct a !arger improvement than was measured. 

Jndicator di agram measurements provided some insight into the effec ts of oil injccti on on 
the compression process. Compari sons of measured and computed indicator di agrams (not 
ciJscussed in th is report ) show that ca lculati ons, while havi ng the samc genend trends in 
mdicator di agram changes, do not agree with the data in significant detai ls. This means 
that further refi nement of the heat transfcr, refri geranl release and leakage models is 
necess:;ry to :;ni ve ät a more fundamentall y correc t moclel. fmprovcment s in the model can 
be made through better understanding of the injec ti on fl ow cletail s -- drop sizes, 
d1stribution of oil in the compression sp:;ces, heat transfer coeffi cient s, etc. A moclel of the 
effect of oi l on leak path sealing that reacts to changes in the amount and di stributi on of oil 
1n the compress ion sp:;ces and to absorpti on andrelease of refri gerant du rin g the 
compress ion process itself is also necessary. 

A lower fl ow of eooled oil injectcd at hi gher prcssures th rough a cone noz.z le prov ieles the 
bes t perfonnance for the R- 134a compressor. llowevcr, considerations of openHing range, 
cos t and noise will affect the final choicc of injec ti on detail s. Understanding of the effects 
o f the choiccs and accw·ate modeling of an oil -injec ted refri gerati on compressor allows the 
most appropria te confi gumti on to be selected du ring the compressor design phasc. The 
w ork rcponed here rcpresents some progress in th is direc tion. Thi s project has also 
1denti fied areas of Jesser understanding where further progress can be made. 
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