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R96-5.400.0008-3 DOE/CE/23810-71

Study of Lubricant Circulation in HVAC Systems

Volume ll - Compilation of Program Test Data

SUMMARY

This volume contains all of the program test data essentially as taken from the |aboratory
dynamic test facility during the sequence of runs.

For the readers convenience Table 3.1 from Volume | of the report is included to
describe the refrigerant/lubricant test series (six) and the actual chronological test run number.
Figures 2.1 and 2.2 from Volume | are also included here for reference.

In the body of this Volume, each of the test series is presented separately, again for the
convenience of the reader.

Volume I contains a complete description of the program scope, objective, test results
summary, conclusions, description of test facility and recommendations for future effort.
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Table 3.1 Test Run with Test Number

Refrigerant/ Actual Chronological Test Run Number

Lubricant

Test Series Cooling Cooling Inj.* Heating Heating Inj.*
1) _R22-3GS 1,2,35 41,42 3,4, 36,40 37,38, 39
2) R407C-3GS 5,43,44 45 6, 46, 47 48, 49
3) R407C-1GS 50,51 T 52 t
4) R407C-SW32 7,8 9,10 11,12, 13 14
5) R407C-SW68 15, 16 17,18 19, 20, 25, 26 21,22,23,24
6) R407C-RL32S 27,28 31,32,33 29, 30, 34 t
* additional oil injected into compressor

t no test run
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Refrigerant/Lubricant Test Series

R22 - Suniso 3GS
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TR ‘\."\\~‘,A,\I'm"~"v"/"/\>\« e e e P WY A"’W ™
P ' T
| TO1
100 //
w WMMWM“WWWMNWWW — T
e TIE2
— TIII
80 %
= \/"\___,_—-—————————:ﬂ — TII2
\ —— TOE1
= ] TII
‘é ............. TOE2
a2 '
=g 60 +——— g ] \ — TOIl
o T wll :
g 1 System
[2 TIE turned off TOI2
.{
40
1
20
0 T T T - -
0 0.5 1 1.5 2 2.5

Hours
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Oil Concentration (%)

Heat Pump R407GSuniso 1GS Qil Circulation Test (50)

Cooling Mode - No Qil Injection

Oil Flows

SLO 3/11/96

13UV

- 1600

1 open

- 1400

1200

- 1000

2 open

—TT
o0
[=]
(=)

-

4 open

System
turned off

600

- 400

-200

05

Time (hrs)

25

Vapor Velocity (ﬁ./t}lin)



Heat Pump R407C-Suniso 1GS Qil Circulation Test (50)

134

. S SLO 3/11/96
Cooling Mode - No Qil Injection
600 1800
‘- 1600
-
500
1 open - 1400
400 1200
E )
I E:
E/ - 1000 &
2 [ z
g 300 g
2 [ S
= 800 L
4 2 open i 8-
~ 0 :
2 A AT e i ;
] |
200 600
3 open System
A e turned off
4 open / - 400
mo+—— P
!
- 200
!
0 + L i T 0
0.5 1.5 2.5

Time (hrs)
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Temperature (F)

Heat Pump R407C-Suniso 1GS Qil Circulation Tests (51&52)
Cooling & Heating Mode - No Qil Injection SLO 3/12/96
System Temperatures

40V

TS1

/ TS5 - Changed to
200 / N qealing

— TSI
—— TS2

4 — T8S3
150

—— TS4
e TS5

............ TS6
100

— TS§7

- TS88

'50 T T T T T T T T T T T T T T T T T L T

(=]
—
N
W
H
()
(=
-

Hours
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Heat Pump R407C-Suniso 1GS Oil Circulation Tests (51& 52)

Cooling & Heating Mode - No Oil Injection SLO 3/12/96
System Pressures

350
PS1
/ PS4
300
—— PSI
] ! —— PS2
250
* —— PS3
PS5 F& —— PS4
w200 ’ﬁ‘ ]| | .
o e e PS5
(=9
o I
o
=9




9%
Temperature (F)

Heat Pump R407C-Suniso 1GS Qil Circulation Tests (51& 52)

Cooling & Heating Mode - No Oil Injection SLO 3/12/96
Air Side Temperatures

120
L s
TOI
100 ;
—— TIEI
: e TIE2
S N
T — TII
80
— TII2
- TOEI
1Y
l \ S: I TOE2
60 - \ TII - e TOIl
] S;\‘ Changed to
g TIE\ Heaﬁng TOIZ
40
|
20
0 L L R 1 v v L
0 1 2 3 4 S 6 7

Hours
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Qil Concentration (%)

Heat Pump R407C-Suniso 1GS Qil Circulation Tests (51& 52)

Cooling & Heating Mode - No Qil Injection

SLO 3/12/96
Oil Flows
5 1800
- 1600
4
- 1400
1 open i
e [
3 1200
)
- £
- 1000 &
< i =
2 2
] s o
; - 800 .>..
<)
2 open - =
M >
1 600
~ 400
0 B A
Changed Nt-o\ : i
Heating e i 2 open - 200
T i - 3 open
4 open I
- 1 ! — . . 10
0 3 6

Time (hrs)



Heat Pump R407C-Suniso 1GS Oil Circulation Tests (51&52)

Cooling & Heating Mode - No Qil Injection SLO 3/12/96
600 1800
] |
- 1600
500
1 open - 1400
|
400 1200
£ E
T - E
B - 1000 & |
&1 8300 g
oo = -
2 - §
a ] o
Q - o
= 1 N
200 : 1A w 600
- 400
1 1 open
100 — _ '
’ Cltanged“t.t; “ U A
4 fm5 Healing " . :‘_:; R .v TN 2 open b 200
T i, : . 3 open
0 +————r . — ~ P Lo
0 1 2 3 4 5 6 7

Time (hrs)



Refrigerant/Lubricant Test Series

R407C - Castrol SW32

49



0s
Temperature (F)

200

180
160
140

120

100

=]
o

20

Heat Pump R407C- Castrol SW32 Oil Circulation Tests (7& 8)

Cooling Mode - No Oil Injection
System Temperatures

-

TS1

~

. ,QV<"W
TSS

-/_,v_____,Aw

RS

THS 2/1/96

~ TS4

TS8

TS1
TS2
TS3
TS4
TSS
TS6
T~S7
TS8

60 -

40

TS2

0.5 1 1.5
Hours




Heat Pump R407C - Castrol SW32 Qil Circulation Tests (7&8) THS 2/1/96
Cooling Mode - No Oil Injection
System Pressures

350
// PSS
_W{‘!\NW i PO ororee B s Ay rion oo MAADAN A AR kA AAAAS RSN A -
300 - < ~ PS1 :
) PS4 -— PSI1
] — PS2
250
. -—— PS3
— PS4
@ 200
g —— PS5
wn = .
- O
5
§ - PS6
/A~ 150 / PS3
e et s Tand \p
100 // PS2
] - T R Nt SO A
- ™ ps6
50
0 Al T —
0 0.5 1 1.5 2 25 3

Hours



(4]
Temperature (F)

Heat Pump R407C - Castrol SW32 Oil Circulation Tests (7& 8)
Cooling Mode - No Qil Injection
Air Side Temperatures

THS 2/1/96

120

TOE

100

MAMMWMWMMWWWMWAMM — TE
4 TOI ~—  TIE2

—— TII
80 ~

[T WV——-& — TII2
1 TII

- TOEI

.‘ i T]E R TOEZ
60 . '/

e TOI2

40

20

Hours



Heat Pump R407C - Castrol SW32 QOil Circulation Tests (7& 8)

€S

4.5

Oil Concentration (%)
N

1.5

3.5-

w
" —

N
I ST S

Time (hrs)

Cooling Mode - No Oil Injection THS 2/1/96
Oil Flows
1800
.
- 1600
| valve 3 I'valve 1 valve
|- open Adaan open . open
:
| )
- §
— 1000 é;‘b,
3 g:\
valves _g_
open 2 I ?};
valves - 800 5
open i &
:-,,'\.". Sy 2 E-A‘,\_.-\,\./;.,f\». Al Ve >
i valves :
i open 3 4 - 600
4 valves _ valves i
] valves open open
‘M ope" - _
L T 1 ] Ll v T B T T 0
0 0.5 1.5 2.5 3



ps

Heat Pump R407C - Castrol SW32 QOil Circulation Tests (7& 8)

. C THS 2/1/96
Cooling Mode - No Qil Injection
000 1800
- 1600
W -
500 1 valve p
1 1valve open
b N [ 1400
i AAIa i
AWM |
* -
400 1200
g .
g IR i E
é - 1000 €
g N [ fnd
- i 3 z
g 300 T valves %
K] open 5 I s
L: valves — 800 5
:g Ope" - g_ :
2 2 LR "\;v‘q’;ﬁ.__ .7~ >
200 valves , B , | ( -
open :
4 valves valves : |
ﬁ valves open open
B e e et open
- 400
100
~200
0+———— — - 0
0 0.5 1.5 2 25 3

Time (hrs)



Heat Pump R407C - Castrol SW32 Qil Circulation Tests (9& 10)
Cooling Mode — Qil Injection
System Temperatures

200 — -
\/“’\”\""/t:‘ﬁ' ¥ — T \A——~/ \/:j’]"'m"x\’
5 /\M_,..,_\/w S| AT /V\t" . \/ N\
: TS5

180
160
140
0 ,\,ew/\jy
[ .
=1
G & 100 S S S
o ]
£
) 1 TS8
b=

oo
[«

20

Hours

1.8

THS 2/2/96




Heat Pump R407C - Castrol SW32 QOil Circulation Tests (9& 10)
Cooling Mode - Qil Injection
System Pressures

350 I

PS5

B o e e T e N, 3 J/m TP B e A
ST E I INNANAVAA AL NAANG G D

300 fmme— e VAN ~AAPAANNY

N PS1
PS4
250
o) 200
(7]
&
&g
2
&
A 150
] PS3
100 PS2
4‘\/ B R TPt WW‘\__—----—-——A

\MW\M-«-—-—J N

50 PS6

0 0.2 04 0.6 0.8 1 12 1.4 1.6
Hours

1.8

THS 2/2/96

—— PSI1

- P82

—— PS3

—— PS4

e PSS




LS
Temperature (F)

Heat Pump R407C - Castrol SW32 Qil Circulation Tests (9& 10)

_ - S THS 2/2/96
Cooling Mode - Qil Injection
Air Side Temperatures
120
100
WMWWMWWM N P —— TIEI
TOI e TIE2
— TII
80 —
< — TII2
TII
I ~ TOEI
ﬁZTIE ------------- TOE2
60 e — -
- ~—— —— — TOIl
— TOI2
40
20
0 T ] T L T T T T T T T T T T T L T T T T Ll s i T T T
0 0.2 0.4 0.6 0.8 1 12 14 1.6 1.8

Hours




Heat Pump R407C - Castrol SW32 QOil Circulation Tests (9& 10)

8S

Oil Concentration (%)

Cooling Mode - Qil Injection THS 2/2/96
Oil Flows

10 1800

’ 1 ~ 1600
] |

8 -t 1 valve ! valve !
1.27" open - 1400
1

7 -
] - 1200

6 » o
| N o E
] - 1000 &
] hog

19

5 ' :
| 2 K
1 valves IA A A 1“ L 800 =
i open ! 8.
: - 600

3 : |
] 4 4 I
] . valves | valves [ 400

2 3 . open 3 ‘| open )
] valves I valves 3 R
j open open I

1 - 200

0 ] L L] T T T L Ll T g L T 1 LS O
0 0.2 04 0.6 0.8 1 1.2 14 1.6 1.8

Time (hrs)



Heat Pump R407C- Castrol SW32 QOil Circulation Tests (9& 10)

Cooling Mode - Qil Injection THS 2/2/96
Oil Flows
600 1800
|
- 1600
:
500
1| 1 valve I
open Ivalve 1400
17~ open i !
400 MAMMAV‘TAVAVV"— AEWAN S — A Ay 1200
5 L
= - 1000 g
PO i 2|
w | E300 3!
°| 2 ) 2 -1
— valves 800 " i
L; valves open i 80 8. {
< open o
p - - >
200 600
4 4 |
valves . | valves 400
3 open 3 2| open i
100 valves I AN valves Tt s
open open I
—200
0 T T T I L T T T L T T i T T R T 0
0 0.2 04 0.6 0.8 | 1.2 1.4 1.6 1.8

Time (hrs)



Heat Pump R407C - Castrol SW32 Oil Circulation Tests (11& 12) THS 3/4/96
Heating Mode - No Oil Injection
System Temperatures

200
TSI
1 S S \ "M
1 . / ’ ﬁ
150 —— TSI
TS2
- TS82
| \/\IVW -
l — TS84
100
- TSS

—~ TS3

&

E \ / ............ TS6
a2 .
S5 — TST

£

— — TS8

50




19
Pressure (psig)

Heat Pump R407C - Castrol SW32 Oil Circulation Tests (11&12) 15 374796

Heating Mode - No Oil Injection
System Pressures

250
| _ PSI
|1 L PS2 -
200 A %é% : —— PSI
1 f - % A ~ — PS2
T — PS3
150 —— PS4
1
| —— PS5
........... PS6
100
1
50 —
0 I L L T L




90
80
70

60 -

79
Temperature (F)

20

Heat Pump R407C - Castrol SW32 Oil Circulation Tests (11&12)
Heating Mode - No Qil Injection
Air Side Temperatures

THS 3/4/96

TIE
BN h———
. X

W
o

S
o

TIE1
TIE2
TII
T2
TOE1
TOE2
TOIl
TOI2

30

e

i H
Y ]

Endieeesdes 4
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Heat Pump R407C - Castrol SW32 Oil Circulation Tests (11&12)

£9

Heating Mode - No Oil Injection THS 3/4/96
Oil Flows
10 600
2
. valves
8 open 500
{ valve I
open defrost
P 2 I
valves 2 _
6 — open " defrost valves 400
I 3 open
< de r:osr valves 3 )
3; : open valves §
k=) 1 valve P open I &
= open il
;__: 4 valves 4 300 -g
S open valves <
= open >
=4 L
:L_: ! valve §_
o) open S
‘ !
2 H r 200
0 : 100
{ ]
1 valve !
open
. I
2 0
5 6

Time (hrs)




Heat Pump R407C - Castrol SW32 Oil Circulation Tests (11&12)

Heating Mode — No Oil Injection THS 3/4/96
600 600
. 2
valves
500 open 500
1 valve
open defrost
2
valves 2
400 open " defrost — | valves 400
3 open
= defrost valves ! 3 =
.\E.o ! val open valves §
= valve
> open 7 open ;
a s 300 valves 4 E=y
& ‘3- open valves 300 §
'[.'g open ;’
2 1 valve 5
S open [«
= pe v >
Py
200 : ;‘ 200
| 5
4
100 %N B _ T 100
\r\ P s' ,"(‘i_' I} Qalve
i : open |
|
0 - ’ T j **J fLL T T T 0
0 2 3 5 6

Time (hrs)



Heat Pump R407C-Castrol SW32 Oil Circulation Test (13)
Heating Mode - No QOil Injection
System Temperatures

SLO 2/8/96

200 :
System

VR o =

s _

i

100 - System

—_ turned on / e TS5
£ N | ~
af
“é.’_ s —— TS7
= e TS8
50
e System

turned

Hours



Heat Pump R407C-Castrol SW32 Qil Circulation Test (13)

Heating Mode - No Oil Injection
System Pressures

300
250
System
PSI  pg2 PS3 turned off
e
T \/““\,-
]
.’9?) 1
(7]
=
Q2150
2
. \.
-9 1
System
1 turnedon
100 ;{
PS6 f
L~ i Pi
50 - A8 7
A
DS Sty STt A M
0 BN S St =TT L -7 T T

Houts

35

SLO 2/8/96

PS1

PS2

PS3




L9
Temperature (F)

Heat Pump R407C-Castrol SW32 Oil Circulation Test (13)

. G SLO 2/8/96
Heating Mode - No Oil Injection
Air Side Temperatures

100

] System

4 turned off

J ‘ \
90 = TIE }

e A % .

80 - —— TIEl

] \ e TIE2
70—+ ¢ ~— —— T

| ystem T " ]

j turned on \/‘/— % S U ~\]

TII — TII2

60 e TOEI

]

| I [ S A [ SN AU ¥ AU A S S S— TOE2
50 — TOII

—— TOI2

30

20

10 -

Hours



Heat Pump R407C-Castrol SW32 Oil Circulation Test (13)

89
)

Qil Concentration (%)

. S SLO 2/8/96
Heating Mode - No Qil Injection
Oil Flows
600
2 3
. valves valves
open open i
! (1000 500
valve 3 cfm)
open valves 4
open valves T
| open i
4 (1000 :
valves cfin) A 400
open !
1000 valve R
cfin open ~ i E
2000 (1000 &
ofin cfm) ‘5
i 1 ‘ 300 %
‘ 2 i L ] ’ >
N valves 3 i ! 5
open g { =%
System (1000 I N =
| turned on cfm) . )' i, w
- ,A 1A% : i 200
100
T T T T - :| r”l T T T T T T T T ™ T T T T l::l: \-‘ “r:‘l T v“ EI ETfl' — T T .I v. T T T 0
0.5 1 1.5 2 25 3 3.5 4 4.5 5

Time (hrs)



69

Mass Flowrate (Ibm/hr)

Heat Pump R407C-Castrol SW32 Oil Circulation Test (13)

Heating Mode - No Qil Injection

SLO 2/8/96

600 600
2 3
valves valves
open open i
500 ] (1000 500
valve 3 of m).
open valves 4
open valves
open
4 (1000
400 valves cfin) 400
open "y
II000 valve —_
cfm open E i
2000 (1000 @
cfin ofm) 3‘-
300 A—1-300 '8
RSN HE 2
| 2 R >
‘/,\ valves ol 5 ;
open &
System 1000 ot N
| turned on \Jb\lr\ﬂw \ (cfm) M >
200 { ‘Vf— 200
100 - 100
0 T T T T T T T T T T T \ O
1.5 2 2.5 3.5 4.5

Time (hrs)



Heat Pump R407C - Castrol SW32 Qil Circulation Test (14)
Heating Mode - Oil Injection
System Temperatures

THS 2/29/96

200
TS1
180 J //\/\/ r\//‘\\<7/
\A\.N - N A"rj
N4 7/ —— TSI
~\( T2 ﬁ’ e TS2
\ —  TS3
— TS4
- e TS5
3
2 ............ TS6
3 g A
g — TS7
TS3
g ] — Ts8

4.5



1L
Pressure (psig)

400

Heat Pump R407C - Castrol SW32 Oil Circulation Test (14)
Heating Mode - Oil Injection
System Pressures

350

- T SR TR

300 -

THS 2/29/96

250 -

ey LESNS
msaoi ol

N
[=
(=]

—

w

o
|

100

—— PSI
—— PS2
—— PS3
—— PS4
wwme PS5

- PS6

50




Heat Pump R407C - Castrol SW32 Oil Circulation Test (14)
Heating Mode - Oil Injection
Air Side Temperatures

THS 2/29/96

120

100

—— TIEI
we  TIE2

—  TII1

— TII2

~  TOEI

4
'\

....... . TOE2
TII

- TOIl

e TOI2

L
Temperature (F)
g

40

20 A Rt e wm*——-—‘/‘ i

Hours
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14

Oil Concentration (%)

Heat Pump R407C - Castrol SW32 Oil Circulation Test (14)

Oil Flows

Heating Mode - Qil Injection

THS

600

- 500

12

defrost

- 400

i
W
(=}
(=}

open

1 valve

——T

! valve
open .

1 valve

-2
valves
open

- 200

open

: 2
" valves

- 100

4
valves

open ]

open
3
valves |
open

1 T v

Time (hrs)

25

T TY T

35

'-YTT"

4.5

2/29/96

Vapor Velocity (ft/min)



vL

Heat Pump R407C - Castrol SW32 Oil Circulation Test (14)

Heating Mode - Oil Injection

THS 2/29/96

600

600

500

500 *WMN“b‘i

Un

deﬁ‘o.gt ,

400

400

300 % At
; WG o

Nf‘“u,

Mass Flowrate (Ibm/hr)

valve
open .

2
valves
open

1 valve
open

(V]
3
Vapor Velocity (ft/min)

200

4
valves

open |
1

3

- valves

open

“ valves

2

100

open

T

T Y T T T T T T T T T T T

0 0.5 1 1.5 2 2.5
Time (hrs)

T T

T

T
35



Refrigerant/Lubricant Test Series

R407C - Castrol SW68

75



9L
Temperature (F)

Heat Pump R407C- Castrol SW68 Oil Circulation Tests (15& 16)
Cooling Mode - No Oil Injection THS 2/29/96
System Temperatures

250
4
T LT TS2
200 _M,,..,,.f/ = ————— — TSI
e T — 182
| —— TS3
—— TS4
150 o 1TSS
j | : S TS6
1 ~ f34 —— TS7
1 B ) T ] ~— TS8

100 ‘ - ’e:""\"";“s's

Hours



LL

Heat Pump R407C - Castrol SW68 Oil Circulation Tests (15& 16)

Cooling Mode - No Oil Injection THS 2/29/96
System Pressures
350 ] -
PS2
_ PSI1
V.o ; M:ﬂa . o NN MMMAM, Ao A P
300 \\ ; v =:=5W§§W:M__ A
% PS4 bl
| — PS2
250
— PS3
— PS4
= 200
'?5 — PS5
£ ]
é .......... PS6
o
=10 / PS3
100
......................................... <. "\ N
| Ny PSS
50 PS6
0 L T
0 0.5 1 1.5 2 25 3

Hours



8L
Temperature (F)

Heat Pump R407C - Castrol SW68 Oil Circulation Tests (15& 16)
Cooling Mode - No Qil Injection
Air Side Temperatures

120
100 ... TOI
80 ‘t———= N e
g \
TII
1
60 e e <
s s T N T s T T TN \
TIE
40
20
0 S LI L R T T
0 0.5 1 1.5 2 2.5

Hours

THS 2/29/96

— TIEI
-~ TIE2
T
— TII2
~ TOEI
- TOE2
- TOIl

e TOI2
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Heat Pump R407C- Castrol SW68 Oil Circulation Tests (15& 16)

Cooling Mode - No Oil Injection THS 2/29/96
Oil Flows
3 i 1800
] i
4.5 ; - 1600
4 1 1valve 1 valve !
1,7 R - 1400
B R R TTITT N $ - ¢ ey ’-
35 |
] - 1200
o 3- -
o~ 5.
.g . - 1000 ?—-/
g - z
5§ g
g 1 2 2 I S
8 valves valves 800 s
8 2 1 R open o o \o‘pe’n‘ ~ E. H
E Y L
1 3 3 - 600
1.5 valves 4 : valves !
T open valves | open 4
1 o, OpER valves |
: 3 open u
1 | b, -400
05 - 200
0 | T T T T T~ —  — 0
0 0.5 | 1.5 2 2.5 3

Time (hrs)



08

THS 2/29/96
Cooling Mode - No Oil Injection
600 1800
- 1600
500 [
I valve I valve |
open open - 1400
[IATATRV A ;,v,_,\ AA \, |
T W
400 ' 1200
g o
i g
@, - 1000 é
[ ) i
S z
= R
E 300 §
8 5 [ S
&9 2 -
a valves valves 800 5
[ : B =%
p= P L. .open s
200 3 3 600
valves 4 valves !
open  valves open 4
open e valves |
open - 400
100 ’
- 200
0 T T ™ V O
0.5 1 1.5 2 2.5 3

Heat Pump R407C - Castrol SW68 Oil Circulation Tests (15& 16)

Time (hrs)




I8
Temperature (F)

Heat Pump R407C- Castrol SW68 Oil Circulation Test (17)
Cooling Mode - Qil Injection SLO 2/8/96

System Temperatures
250

100

System
TSI turned off \
N,_A'_WMM/“\
200 AI_AW'W\MAM‘/——«&WM RN S,
—v \d NN "y — s e — TS]
) /\/ v/\
] TSS — TS2
- TS3
- TS84
150
o TS5
,,,,,,,,,, TS6
TS4 )
L — TS7
N MNNWMMMWVW"MWVNMA»M—V\
W e TS8

TST | e R
304 | = I \\ WT%
- \TSZ TS3
O T T T T L L
0 0.5 1 1.5 2 25

Hours



Heat Pump R407C- Castrol SW68 Qil Circulation Test (17)

Cooling Mode - Qil Injection
System Pressures

350

8
Pressure (psig)

| PS3

fWMWWVW\WMMW\ S

100 1 PS2 System

MNV\ turned off

50 _ ' PS6

Hours

25

SLO 2/8/96

PS1

PS2

PS3
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Temperature (F)

Heat Pump R407C-Castrol SW68 Oil Circulation Test (17)

Cooling Mode - Qil Injection

Air Side Temperatures

SLO 2/8/96

120

Ty z’%.ﬂxc,iwﬁ.»/x,hﬁAMMx"/ CRGESE

TOE

100

80

—
~X i
TIE
/ _a
T e 4 =

60

TR, A Y AR AN T oSt SR
,————""MM’N\'\WW

40

20

05

Hours

25




v8

Oil Concentration (%)

Heat Pump R407C- Castrol SW68 Oil Circulation Test (17)

Cooling Mode - Oil Injection SLO 2/8/96
Oil Flows
10 1800
9 1 - 1600
1 valve —~ 1400
: System |
open turned off |
-*"./z'f i
, / - 1200
12 .1 ?
- £
1 - 1000 &
1 =
5 i i N | g
] - K,
: 800 E
1 - 600
3 i i
) i
1 valves —400
2 L open |
i 3
valves
open 4 I
- 200
valves
" open !
O | T T ™ I T 0
0.5 1 1.5 2 2.5

Time (hrs)
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600

500

400

300

Mass Flowrate (Ibmvhr)

200

100

Heat Pump R407C- Castrol SW68 Oil Circulation Test (17)

0.5

Time (hrs)

SLO 2/8/96
Cooling Mode - Oil Injection
1800
- 1600
4 - 1400
1 valve System ]
. . turned off
‘ shir 11 . ’/ —]200
AW~ |
i E!
s 1000 &
— z
5!
L
-800 T |
o
N e
>
600
P s
valves : - 400
open 3 i
valves
open 4 [
- 200
. valves
open i
0
1 1.5 2.5
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Temperature (F)

250

200

150

100

50

Heat Pump R407C - Castrol SW68 Oil Circulation Test (18)

Cooling Mode - Qil Injection

System Temperatures
1
System
J TS]\ turned off
I NG N N
~ I e oy - \ R .
~ N
TSS
TS4
4 /
l " . —~ ,..,..AA._.‘.,.,_,,AA,.AAAAAAWMJ\N\W\/
s — “‘VWN——-%\ e el
: TS8
1 TS3 TS7
_g\ P It SR T T e \‘““-*---i-s.
> <l e———. PN . el
AN < '\/«\/\M
TS6 \\
TS2
4.5 4.7 49 5.1 53 5.5 5.7 59 6.1 63

Hours

SLO 2/8/96

TS1
TS2
TS3
TS4
TSS

TS6
TS7
TS8
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Pressure (psig)

Heat Pump R407C - Castrol SW68 QOil Circulation Test (18)

Cooling Mode - Qil Injection SLO 2/8/96
System Pressures
350
|
% W\/‘/
300 MWWWNWWW—-—W
N psi
PS4 — PSI1
1 e P§2
250
—— PS3
] —— PS4
200
e PSS
: System
1 turnedoff | | PS6
150 a
L PS3
NP R / /
} ~— A AAMAAMAAAAAAAAAY
100 PS2
! : L~
4 V‘N%WWW \ANAAANAN
1 \L PS6
50
0 T T T T T T T T T T T T T T T L T
4.5 4.7 49 5.1 53 55 5.7 5.9 6.1 6.3

Hours
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Temperature (F)

Heat Pump R407C- Castrol SW68 Oil Circulation Test (18)

] o SLO 2/8/96
Cooling Mode - Oil Injection
Air Side Temperatures
120
] TOE
100
WWMWWWW\f — TIE]
i “TOI —— TIE2
] —— TIII
80 e —
' ™m TOEI
E . e TOE2
60 — = :\ﬁ'%?———t—-—. ............. TOIl
1 N
TIE TOI2
1
40
20
0 L T T . T T Al T 1 Ll LS L T L Ll T T
4.5 4.7 49 5.1 53 55 5.7 5.9 6.1 6.3

Hours
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Oil Concentration (%)

Heat Pump R407C - Castrol SW68 Oil Circulation Test (18)

Cooling Mode - Oil Injection SLO 2/8/96
Oil Flows
10 ] 1800
9 1 - 1600
o |
) ~ A Tvalve 1 valve - 1400
] 7 opear open; + 1 i _
7 I
] - 1200
6 =
] ! g1
1 -1000 & |
: N ' 2
e ! i 2
| O
j valves [ 800 t
. open 8
2 <
4 S
] - 600
3 i
] - 400
2 7 3 |
valves
| open 4
1 valves - 200
] open '
0- : : S : . — — 0
45 4.7 49 5.1 5.3 5.5 5.7 5.9 6.1 6.3

Time (hrs)
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Mass Flowrate (Ibm/hr)

Heat Pump R407C- Castrol SW68 Oil Circulation Test (18) SLO 2/8/96
Cooling Mode - Oil Injection
600 1800
L 1600
500 |
1 valvq F
open | | valve »—1400
400
£}
g
)
<
300 B
Q
2 — |
valves | 800 >‘:
open -4
«
>
....... ~’\.‘/ ‘ |
200 600
! I
i 400
3 L
100 valves
open 4 s
valves — 200
open -
0 T T T T T T T T T T T T T ! 0
45 4.7 4.9 5.1 53 55 5.7 5.9 6.1 6.3

Time (hrs)
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Temperature (F)

Heat Pump R407C-Castrol SW68 Oil Circulation Tests (19& 20)

Heating Mode - No Oil Injection
System Temperatures

250

200

150

100

-50

Defrost

System

turned of\
Ve

M
|

VAN
)

/

/ TS3

VA

TS8

SLO 2/9/96

TS1
TS2
TS3
TS4
TSS
TS6

TS7

TS8
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Pressure (psig)
@

(o]

300

250

200

100

50

Heat Pump R407C-Castrol SW68 QOil Circulation Tegs (19& 20)
Heating Mode - No Qil Injection
System Pressures

PS1

System
turned off

PS2

' \
PS3
¢
System 5
turned on

.

Ny

SLO 2/9/96

—— PSI

-— P82

— PS3

—— PS4

- P85
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Temperature (F)

Heat Pump R407C-Castrol SW68 Oil Circulation Tests (19& 20)
Heating Mode - No Oil Injection

Air Side Temperatures
100

% | ~ _ [ \S
| Wlf\/\ :\T[E

80 -

1 A I System
1 /.A/-\‘\__d\ \ simedd off
S TII

70 —
] ystem \ ;
60 4——— Aurned on 3

Hours

SLO 2/9/96

—— TIEI
—~—  TIE2
—  TII1

— TII2

w TOEI1
R TOE2
—— TOIl

~—  TOI2
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Oil Concentration (%)

System
turned on

Heat Pump R407C-Castrol SW68 Oil Circulation Tests (19& 20)

. e SLO 2/9/96
Heating Mode — No Qil Injection
Oil Flows
600
2 i
valves
open
500
3 -
valves
open i
|
4
valves defrost
open ¥ 400
1 valve 1 valve System |
open open turned off i =
g
1 valve Q\:‘;
open Q
4 cy
valves . i .
cfm) giF
: 200
2
: valves
! ; open
§ 3 H
‘ ; valves 4
A ! open A valves
...... open - r‘ 100
- 0
2 4 5 6

Time (hrs)




SLO 2/9/96

Heat Pump R407C-Castrol SW68 Oil Circulation Tests (19& 20)

Heating Mode - No Qil Injection

$6

600 600
2
valves
open
500 500
] 3
valves
] open
1 4
valves defrost -
400 open 400
4 1 valve 1 valve System |
E ] open open turned off i =
= g
é ) 1 valve %
L ] open 2
E 300 300 G
() . LR 4 2
[T valves o .
(723 T [ FI 1. o
@ open : 'Fy 2
S : (1000 AN kS
L./Iv\-f”" fm) n \
200 \f i ‘ 200
System _ 2
turned on 1 : valves
0 3 open
X 3
i . valves 4 .
i valves
100 open 100
%
0 l‘ A ! T T T L 0
0 1 2 3 5

Time (hrs)
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Temperature (F)

200

150

100

w
(=]
|

Heat Pump R407C-Castrol SW68 Qil Circulation Test (21)

Heating Mode - Oil Injection
System Temperatures

SLO 2/12/96

TS1
TS2
TS3
TS4
TS5
TSe6
TS7
TS8

System 7"\
1 /_”/ turned off
_\/\,J\P S 1
’ v | —
* %/’\f/‘  TS2
W \’\u’ww
1— r— TS3
| System
=~ TS8
TS4
0 1 2 3 4 5
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Pressure (psig)

300

250

200

100

Heat Pump R407C-Castrol SW68 Oil Circulation Test (21)

Heating Mode - Oil Injection

System Pressures

~ PS3

System
turned off

K&

SLO 2/12/96

PS1

PS2

System
turned on

PS1

PS2

PS3

PS4

PSS
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Temperature (F)

100

1 4 apen [ T ——T
%0 . 1 open en 3 OPeT

Mﬁa_h\\_-‘ System

] turned off
80 _ ! V
70 - %~ j i -

h e I N B, Y
60

. System

turned on y

50 S "“*‘}
40 -
30 1

20

10

Heat Pump R407C-Castrol SW68 Qil Circulation Test (21)

Heating Mode - Oil Injection
Air Side Temperatures

SLO 2/12/96

TIEI
TIE2
T
TII2
TOEI

- TOE2

TOIl
TOI2
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Oil Concentration (%)

Heat Pump R407C-Castrol SW68 Oil Circulation Test (21) SLO 2/12/96

Heating Mode - Oil Injection

Oil Flows
) 600
| | 500
System
turned off I

// 400
d =,
1 open E
&
2
vl *\-"l ¢ N . 300 § ::
v > .
>
S
o_:

<
>
200
‘ 100
3 ;pe" s e, 3
4open 100 cfm" o
500 ¢fin :
250 cfm
) Y B |
0 | ! ! 4 5 6 7

Time (hrs)
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SLO 2/12/96

Heat Pump R407C-Castrol SW68 Oil Circulation Test (21)
Heating Mode - Qil Injection
600

600

500

500

System
turned off |

400 / 400

Mass Flowrate (Ibm/hr)

=)
g
e
| z
ettt 1- 3007
M’\h\«! - K
>
L
i o
(=)
<
[ >
200
-
100 ' 100
i -3open
4 open e RV
1000 cfim
500 cfm
250 cfm k
0 T T T R T A T o T T T ‘ ﬁ: T T T L ¥ T T T T T T - 0
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-
[
W

H
]
o)}
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Temperature (F)

Heat Pump R407C-Castrol SW68 Oil Circulation Test (22)

Heating Mode - Qil Injection

System Temperatures

SLO 2/13/96

TS1
TS2
TS3
TS4
TS5
TS6
TS7
TS8

200
1 /_\/A TS1
150 P — \ \4‘//\/\—4 n !
\ - %T/\f] |
L System
/\[\v\_\_—ﬁlmed off
100 . TS3 N
System e
1 rurnedon \
e Al
* TS8
1 TS5
TS4 W T
0
-50 T -
2 3 5

Hours
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Pressure (psig)

400
350 .
] PS1
/ PS2
] p: /
300 1 System
turned off
250 PS3 ﬁ\\ \
200 1—  system Q
turned on
150
100 — PS4
r—\\\~ PS5
50 — ;{**ww_‘__ — / -
] 1 : T L B D \ 7 ~ \—/ j:.
] T e Eai R
] [ (S (R, S —
| [~ Ps6
0 o T T
1 2 3 4 5

Heat Pump R407C-Castrol SW68 Oil Circulation Test (22)

Heating Mode - Oil Injection

System Pressures

SLO 2/13/96

PS1

PS2

PS3

PS4

PSS
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Temperature (F)

Heat Pump R407C-Castrol SW68 Oil Circulation Test (22)

Heating Mode - Oil Injection

Air Side Temperatures

SLO 2/13/96

TIE]
TIE2
TII
TII2
TOE1
TOE2
TOIl

TOI2

100
A Y\ &
80 - '
701 == = =
1 , M
60 5 System TII
: turned on
.: ._./, /
| 5 (P —
40
30 ) o TOI
h : ....... M'M
o4V 0 00r T
]
10
04—
0 1 2 3 4

Hours
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Oil Concentration (%)

Heat Pump R407C-Castrol SW68 Oil Circulation Test (22)

Heating Mode - Qil Injection

SLO 2/13/96

Oil Flows
10 600
-
8 500
-
I
6 400
] System
turnedoff ‘&
E
1 valve | X @(
Open 1 valve é‘
4 System T vy e - — Opgen —300 8
turned on VS VT P e ’ 2
- [- >
L
| a
T
2 v 200
‘B 4 valves
0 ]7 2 == Open — 1000 100
M :
: Start valves ; P ofm ;
| H valves - e ] A ’(
: Oil Inj. Open Open ¢
] Oil Iny. off
-2 3 T L | T T 1 T v L l T T v O
0 3 4 S 6

Time (hrs)
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Heat Pump R407C-Castrol SW68 Oil Circulation Test (22)

Heating Mode - Qil Injection

SLO 2/13/96

600 600
_ 500 500

400

J 1 valve .

™ Open
'é ]
= o
% 300 4+— System
= turned on
2
-
vy
o
p

200

4 valves : |
100 7’1 2 e Open - 1000 — - 100
Start valves 3 - ofm /
oy Open valves ~7 e S
1 Oil Inj.
. Open Oil Inj. off

0— ' T T T T T T T 0

IR S SRR |

3
Time (hrs)

Vapor Velocity (ft/min)
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Temperature (F)

Heat Pump R407C- Castrol SW68 QOil Circulation Tests (23& 24)
Heating Mode - Oil Injection SLO 2/19/96
System Temperatures

200 I
TSI
10 B —— TSI
M TS2 Y\ -— T82
- —— TS3
| —— TS4
100 e
R s St |V KRS AUV
] — TS7
{ —— TS8
50
0
-50 _




LOT
Pressure (psig)

Heat Pump R407C - Castrol SW68 Oil Circulation Tests (23& 24)

Heating Mode - Qil Injection

System Pressures

SLO 2/19/96

— PS1

— P82

— PS3

— PS4

e PSS

- PS6

350
i
300
1
250
* PSI
] S2
MV
PS3
150
.
J /
100 J
] ud
] PS4 -
50 :
|t Y AT ";““\1 A . e
. Npsg PSS
0 1 2 3
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Temperature (F)

Heat Pump R407C- Castrol SW68 Oil Circulation Tests (23& 24)

. e SLO 2/19/96
Heating Mode - Qil Injection
Air Side Temperatures
120
100 |
—— TIEI
1 — TIE2
W% ﬁ’ \\4 Wm —_— TII
80
| TIE H — TII2
\ N TOE2
60 TII )
] ~—  TOIl
u e TOI2
40
0 T T T T T L T T T T
0 ] 2 3 4 5 6
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Oil Concentration (%)

Heat Pump R407C- Castrol SW68 Oil Circulation Tests (23& 24)

Heating Mode - Oil Injection SLO 2/19/96
Oil Flows
16 600
]
] 4
14 palves
l_ open i
(250 -
valve 2 ofm) 5 1 500
open alves valves valve
12 ’ open ; open open
1 valves valve
open 3 open 3
valves H valves
] open open
10 valve - 400
] open / balves )‘
vzlve: open | fa :
] pe g |
: g
1 [ 00 &
: 300 8 ¢
| g
6 5
] . a
&
] h >
4 200
1
2
V - 100
0 v
|
) L — 0
0 2 5 6

Time (hrs)
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Mass Flowrate (Ibm/hr)

Heat Pump R407C - Castrol SW68 Oil Circulation Tests (23&24)  sLo 2/19/96
Heating Mode - Qil Injection
600 600
4
balves i
A open L
!
500,01 - o - - 500
open balves valves valve
2 open ! open open
valves valve
open 3 open 3
jvalves palves
] open open
400 valve P 400
open / talves
“open open L ®
E
g
£
300 300 §
J (3
| >
i )
] &
>
J
200 200
1
4 H
100 100
ﬁ
1
0 - . - 0
0 2 3 5 6

Time (hrs)
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Temperature (F)

200

150

100

50

Heat Pump R407C- Castrol SW68 Oil Circulation Tests (25& 26)

Heating Mode - No QOil Injection

System Temperatures

L/

TSI

)

System
turned off

o

TS7

[\

Hours

SLO 2/20/96

— TSI
— T82
— T83
—— TS4
e TS5

-~ TS6
— TS87

—— TS8
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Heat Pump R407C- Castrol SW68 Oil Circulation Tests (25& 26) SLO 2/20/96
Heating Mode - No Oil Injection
System Pressures

350
|
]
0 System
turned off PS]
] —_—
_ ‘ —— PS2
250 5s] i
PS2 — PS3
P | !:# =7 :\ ﬁ —— PS4
e b
. 2007 %—.ﬂ
é d e PSS
]
£ PS3
g L& v 0 t1r w1 vty 0N o PS6
Al 150
100 - (/} /
ﬂ PS5 {
:S‘;r\,_N\‘ / ; N
“; k"‘“"/Jr‘*ﬁwwWM th L~
:- g \ .................... ;
‘ PS6




Heat Pump R407C- Castrol SW68 Oil Circulation Tests (25& 26)

Heating Mode - No Oil Injection SLO 2/20/96
Air Side Temperatures

120
| System
100 turned off
TIE | ) —— TIEI
| [
—— TIE2
— THI
— TII2
— TOE]
&
oy - TOE2
=3
H Rl
o § —— TOII
E’ —— TOI2




Heat Pump R407C- Castrol SW68 Oil Circulation Tests (25& 26)
Heating Mode - No Qil Injection
Oil Flows

SLO 2/20/96

144!

10

Oil Concentration (%)

600

500

Defrost

valve

valve
open

Dn:’frost

400

300

Vapor Velocity (ft/min)

200

Vi

valves

i open

System

turned off

100

,,,,,,

3 T
valves . .
open
Pe 4
valves
open

Time (hrs)



STI

600

500

400

m/hr)

200

Heat Pump R407C- Castrol SW68 Oil Circulation Tests (25& 26)

Heating Mode - No Oil Injection

SLO 2/20/96

600

500

400

(98]
[en]
(]
Vapor Velocity (f/min)

100

200

System

100

Defrost
Defrost
!
valve
. I open, i !
! I valve IR |
valve Defrost Defrost jpen
open y ﬂ N
At
5 i :
T B i
ERTANN H 3G !
IR A i iV ;
A,k i
|
L2
! valves
i open
: turned off
S |
i i valves :fl
open -
\ i
T =
3
B valves '~
Y] open 4
valves valves
open open
e — T - T O

Time (hrs)



Refrigerant/Lubricant Test Series
R407C - ICl RL32S

116



LTI
Temperature (F)

Heat Pump R407C- ICl RL32S QOil Circulation Tests (27& 28)

Cooling Mode - No Oil Injection
System Temperatures

-

250 I
Changed to heating
then back to cooling
4 r4 ' . TSI
200 ’ i v o Y ~
"MM W
RN e L N = TSI
— TS2
— TS3
150
— TS4
e T8S
S TS6
100 )
—— TS87
— TS8

50
System
turned on
0
-50
0 1 2 3 4 5 6 7 8 9

Hours



Heat Pump R407C - ICl RL32S Qil Circulation Tests (27& 28)
Cooling Mode - No QOil Injection SLO 2/20/96

System Pressures
350

300 M K] "
7, ~N N
|~ PS1 |
~~ —— PSI
PS4
| | — PS2
250
] System
] turned off PS§3
' | \ —— PS4
® 200
e ‘ — PSS
= g System ofm cfm
% g i turned on v changing changing e PS6
A 150 “ - ,/

100

o Heating turned on
W L J—r0 .
| then back to Cooling
0 T LA B L r L L T B T T 1 I L ¥ T T T v T T T T T LA § T T T T T T

0 1 2 3 4 5 6 7 8 9
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Temperature (F)

Heat Pump R407C- ICl RL32S QOil Circulation Tests (27& 28)

Cooling Mode - No Oil Injection SLO 2/20/96
Air Side Temperatures
120
554‘:":::?'”
100
hill " i System —— TIEI
i turned off
I \ - TIE2
- A F‘ﬂ e TII1
fx;:v‘bw AN A | -
] | ' i w  TOEI
- TOE2
60 L AARAIAAT AN —— TOIl
e TOI2
|
Systemn
turned on J ofin o
40 : changing changing
20
0 T T T T T T T T T T v T T T L T T ] 1 L Ll T v T T T T T T LT T 1 Ll T Ll L
0 1 2 3 4 5 6 7 8 9



0Zt

Cooling Mode - No Oil Injection SLO 2/20/96
Oil Flows
T T 1800
Changed to heating |
14 then back to coolig s
- 1600
12 ' _
- 1400
Start comp |
10 Heat Mode |
— 1200
o [ =)
X 8 ~ E
< - 1000 &
S i <.
g 2 g
= valves S
L 6 - ol
2 open System 0 >
S turned 0_50 8
O Q. H
— <
3 [ >
4 i
3 3
System | valves valves
1 turned on i g open open
d :”,._Mq.r,,_r.vs\; ,'(‘t:?.w.t
I 4 y
1 | valves valves
0 = open open
'2 T T T T T 1 T 1 T T T

Heat Pump R407C- ICl RL32S Qil Circulation Tests (27& 28)
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Mass Flowrate (Ibm/hr)

Heat Pump R407C-1Cl RL32S Oil Circulation Tests (27&28) SLO 2/20/96
Cooling Mode - No Oil Injection
600 — T 1800
] Changed 1o heating i
] [_4 then back to coolig
] ) - 1600
1 -
500
1 valve 1 valve
open open - 1400
i f s I
Start comp |
Heat Mode |
400 ] 1200
L . =
s E
-1000 &
I =
300 g
2 - N
valves P2 i System | >
open . valves  valves turned off | 800 s
i . open open =
"_/"’ v m ::'v-.-‘i?" b v l >
3 i
200 &\ } valves 3 600
System . open valves |
turned on \ open |
= X »*1
i.a ?v,.:;_'-/,i,','.;"b‘y’ s
100 p p
valves valves
open open
¥
0 LI T L L A T | T r 1 T T L Ll L T T
0 1 3 5 6 9

Time (hrs)
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Temperature (F)

200

150

100

Heat Pump R407C- ICl RL32S Oil Circulation Tests (29& 30)
Heating Mode - No Qil Injection
System Temperatures

. - A

i_
f

Defrost

1

TS1

System
turned off

:

SLO 2/20/96

TS1
TS2
TS3
TS4
TSS

TS6
TS7

— TS8
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Pressure (psig)

Heat Pump R407C- ICI RL32S Qil Circulation Tests (29& 30)

Heating Mode - No Oil Injection
System Pressures

350

300

PS1

250

[\

(=3

(=]
|

ol

i

PS2

/

System

turned off

SLO 2/20/96

—— PSI

-~ PS2

—— PS3

—— PS4

-~ PS5

@
S

50 -




120

100

80

1441
Temperature (F)
[=))

o

Air Side Temperatures

Heat Pump R407C- ICl RL32S Qil Circulation Tests (29& 30)

Heating Mode - No Oil Injection

TIE

System
turned off

SLO 2/20/96

[(’~ X

TOI

3 gt
1
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Oil Concentration (%)

Heat Pump R407C-ICl RL32S Qil Circulation Tests (29& 30)

SLO 2/20/96

Heating Mode - No Oil Injection
Oil Flows
16 600
14
i ~500
12
1
10
1 - 400
8 ]
: 1 valve
| open
6 300
~200
: - 100
u valves (1000
(1000 open  cfin)
i <fm) l s
_4 — —r T ™ T T T - |: 0
0 1 2 3 4 7 8

Time (hrs)

Vapor Velocity (ft/min)



Heat Pump R407C- ICl RL32S QOil Circulation Tests (29& 30) SLO 2/20/96

Heating Mode - No Oil Injection

600
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500 4 ( 500

400 1 ' 400
] 1 valve qurosl

I valve

9t

Mass Flowrate (Ibm/hr)
W
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(=}
Vapor Velocity (ft/min)

200

100

Time (hrs)
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Temperature (F)

250

200

150

100

50

Heat Pump R407C- ICI RL32S QOil Circulation Tests (31-33)

Cooling Mode - Qil Injection

Hours

System Temperatures
TSI
P 7 TS5 ',__q
] - M
| =
System
TS4 turned off
—
—
I
1V
|
System
{ turnedon
4 \
Changed to Heating
then back to Cooling
T . T T T RELEEEI T T 1 T LA LN l T i L ! T LN B
0 4 5 6 7 8 9 10

SLO 2/21/96

— TSI
—— TS2
— TS3
—— TS4
e TS5
.............. TS6
— TS7
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. 8TI
Pressure (psig)

Heat Pump R407C-1Cl RL32S QOil Circulation Tests (31-33) SLO 2/21/96

Cooling Mode - Qil Injection System Pressures

350
300
—— PS1
i — PS2
250
l - P§3
—— PS4
200
e PSS
System
turned on -t 1t rw v q e PS6
150 / PS3
|2 ‘ I
100 System i
turned off J
50 h
' .
<J—____ Changed to Heating
then back to Cooling
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6C1
Temperature (F)

Heat Pump R407C- 1CI RL32S Oil Circulation Tests (31-33)

Cooling Mode - Oil Injection SLO 2/21/96
Air Side Temperatures
120
100 +- T }
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0 1 2 3 4 5 6 7 8 9 10



0€l
Oil Concentration (%)

Heat Pump R407C- ICI RL32S Oil Circulation Tests (31-33)

Cooling Mode - Qil Injection SLO 2/21/96
Oil Flows
10
| 4 Changed to ] 1800
] valves Heating 2 4 5
open then back to palves valves
i 4 Cooling open Zsp(;o"
valves I
14 : open | I fm) 1600
(750 !
M cﬁ',' Y . valve
2 palves 4 open valve
_ [alves ‘;poeo" ] Jatves| open -
Tt open —T— () [ vatve open [ 1400
3 opesn o | 1
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4 open 12 1
I valves
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Heat Pump R407C- 1CI RL32S Oil Circulation Tests (31-33)

Cooling Mode - Qil Injection SLO 2/21/96
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Heat Pump R407C -1Cl RL32S QOil Circulation Test (34)

Heating Mode - No Oil Injection SLO 2/21/96
System Temperatures
200
AR -
M,\Mﬂ
150 TS2 — TSI
/ — TS2
] — T83
4 f..w——* VW/ — TS4
100 +— /,/- TS3 ' e TSS
N Y A bl ~——1ii/S | ] TS6
—— TS§7
e TS8
System
turned on
0
S\ Changed to Heating Add refrigeran
-5 +————tr
0 1 2 3 4 5 6 7

Hours



119
Pressure (psig)

350
300

250

N
(=]
(=]

—
wn
o

100
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Heat Pump R407C -ICl RL32S QOil Circulation Test (34)

Heating Mode - No Oil Injection SLO 2/21/96
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Heat Pump R407C -1Cl RL32S QOil Circulation Test (34)
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Heat Pump R407C-1CI RL32S QOil Circulation Test (34)
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