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ABSTRACT

This project was undertaken by the students at the
University of the Pacific in the course, "Applied
Thermodynamics." The design project was carried
out by two student design teams: One using
activated charcoal in the recovery process, and one
using liquid nitrogen in the recovery process. The
project was directed by Professor Edwin Pejack,
Chairman of the Department of Mechanical
Engineering. The design teams gave a presentation
of their results at NASA Ames in November, 1987.
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ABSTRACT

The high density, low toxicity characteristics of refrigerant-12
(aichloroaiflucromethane) make it an ideal gas for wina tunnel
testing. Present limitations on R-12 emissions, set to slow the
rate of ozone detericration, pose a difficult problem in recovery
and handling of large quanities of R-12, This preliminary design
report is a possible solution to the problem of R-12 hanaling in
wind tunnel testing. The design incorporates cold temperature
condensation with seconaary purification of the R-12/air mixture
by adsorption. ,
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WIND TUNNEL PRESSURIZATION AND RECOVERY SYSTEM

INTRODUCTION

This report is a preliminary design for a refrigerant-
12 (Dichlorodiflucromethane) recovery and pressurization system.
The proposed system is to be a part of the NASA AMES 12 x 12 foot
pressurized wind tunnel at Sunnyvale, California. The gas
handaling/liquefacticn system would permit the tunnel to be
switched between air.and R-12 up to a maximum pressure of 7
atmcsphere., Items in this repcrt include cperation concepts,
system flow rates, major equipment items and and process
specifications such as time ana pcwer requirea. The majcr
considerations in the design is to minimize the emission of R-12
tc the environment in order tc maintain within the limits set by
the Environmental Protection Agency (EPA).

The existing 12 x 12 foot pressurized wind tunnel has
been de-rated from 7 atmosphere down to 1 atmosphere. The ola
structure has signs of fatigue, cracks have been found in various
areas on the wind tunnel shell., In order to resume high pressure
winda tunnel operaticn, NASA AMES plan to replace the cla wind
tunnel with a new tunnel designed for operation at 7 atmosphere
ct a1r-or R-12. The use cf a denser fluiad such as R-12 in the
wind tunnel testing is one way tc achieve higher test Reyncld
numbers, and therefcre mcre nearly simulate true viscous effects

in the wina tunnel. Presently, the emission of refrigerant type




gases into the envircnment is a major concern due toc the
deterioration of the ozone layer. Consequently the use of the
R-12 in large quantities require a well designed system for

recovery of the R-12 with particular attention focused on cecntrol

of emissicn.

DESIGN ANALYSIS AND SELECTION

Many various concepts of the R-12 pressurizaticn and
recovery were analyzed in the early stages of the project.
Liquefacticn within the tunrel as well a; external liquefaction
were analyzed. In either case the most effective method of
condensation was determined to be at cold temperature with
possible increased pressure. The low temperature coulad be
achieved with the use of cryogenics or & typical vapor
compression refrigeration cycle. Total of extraction cf the R-12
gas woulc be approached with the use cf some type of filter or

process which will trap R-12 but allow air to pass through.

Substances such as silica gel, molecular sieves and various types
cf the adsorbents were examined to determine if they would meet
the requirements of the design.

The system contiguration chcser for further aralysis
consists of :

- Pumps anc ccmpressors cepable of pressurizing or

evacuating the tunnel from 7 atm tc 0.04 atm,
- Primary liquefecticn of the R-12 gas with cclc

temperature ( -80 degree F) supplied by a



refrigeration system.

- Sécondary R-12/air separation with activated carbon
which is maintained at low temperature,

- Desorbtion of R-12‘gas with use of hot air,

- Long term liquid R-12 storage tank.

- Various heat exchangers, liquid pumps, driers,oil
traps and other support equipment.

- A control system capable of monitoring various stages
of the process to ensure optimum operating conditicns

at all times.

QPERATION OF SYSTEM DURING RECOVERY (see figure 1)

After running the test with 7 atmosphere of R-12 in the
wina tunnel, the gas will be recoverea by passing it through the
recovery system. The main components of the recovery system
cornsist of Carrier compresscrs, liquid ring vacuum pumps, valves
and throttle valves, heat exchangers, primary separator, pumps,
storage tank, and secondary separator of activatea carbon. Figure
1 shows the propcsed system using adsorption process.

At the beginning cf the process gaseous R-12 is at 7
atmosphere, the valve V2 is opened to let the R-12 pass the
thrcttle valve to recuce its pressure as well as tc ccntrcl its
flowrate. By passing it thrdugh Heat Exchanger 1 (between 1 ana
2), the R-12 vapor is ccclec by pessing liquia R-12 from pump 1
or by refrigeration system. Then it is passed through a large

retrigeration unit at 3, the R-12 vapor will be liquefiecd while
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passing through the primary separator. Liquid R-12 Pump 1 is used
to transport the refrigerant from the primary separator tank to
main storage at 7 atm. The temperature of the fluid in stcrage
will be that of ambient, assuming that it will have sufficient
pressure tec remain liquiag.

When the Carrier compressor Cl is activatea, first
valve V2 is closed while V4 is opened. The C1 is capable of
reducing the pressure inside the wina tunnel down to 0.25 atm,
When this pressure is achievea, the liquid ring pump that is
capable of reducing the pressure down to 0.04 atm., will be
activated, This is the lowest-pressure that can be achieved. At
this pcint air from the atmcsphere is dehumidified by dryers and
then introduced into the tunnel at V1 while running the
compressor C2. Pump 1 which pumps liquid R-12 to main storage
will be shut down if the liquid R-12 level dces not exceed the
specifiec height since this level must be maintained tc meet pump
head pressure requirements which prevents cavitation.

While air is being introduced, the secondary separator
which separates R-12 from air by adsorption process 1s activated,
This is done when air is sensea at the primary separatcr (4).

The valve V6 is opened and the compressor C3 is started tc let
the mixture cf air and R-12 tc be cocled which aiads in the

adsorpticn process. The adsorbent beds of activated carbcn are
maintained at lcw temperature by refrigeration system, The cool

pure air (at 10) that leaves the adsorbent beas will be usea tc



cool the mixture pf air anda R-12 frﬂ% C3 in heat exchanger 3
before being released to the atmosphere at point 11. A'sensing
device at 11 will detect the concentration of R-12 in the mixture
of air. If the concentration of R-12 exceededs the permissible
value, an alarm will he set and the system will be shut down.

In regenerating the R-12 from the aasﬁrbent, valve Y10
will be closead ana valve V11 will be opened toc let warm air flow
through the coils inside the secondary separator. The

regenerated R-12 which leaves point 13 is passea through the

vacuum pump to aid desorption process before it is taken to J.

Then the mixture will pass through the primary separator where it
is returned to the purifying process again, The volume of the
adsorpticn beds will be sized to allow adsorpticn of the tctal
mass of R~12 remaining in the wina tunnel at 0.04‘atm. This will
eliminate the need fcr regeneraticn while the seconaary process
is in operation., Desorption process can then proceed as a

parallel task with wind tunnel wcrk.

PRIMARY SEPARATION (see figure 2)

The primary separation system consists of heat
exchangers, a tank, a refrigeration system, a liquid pump, and
the main storage tank. The tank size for the primary seperator
is 6 feet is in diameter anada 10 feet in height, (volume of 2100
gallcns). It is fully insulated anad toc be maintained at -80 F,.
The size c¢f the liquid pump is chosen to be 180 gal/min in oracer

tc hanale to ccndenseu R=-12 trcm the wind tunrel.,
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Prior to the start of reccvery pfccess, the primary
separator tank is initially filled with liquid refrigerant-12 at
abcut 50% of its volume. The reasons for the additional liquid R-
12 are to maintain adequate suction pressure at the liquid
refrigerant-12 pump and to supply a cold mass flow of
refrigerant-12 in the cold side of heat exchanger 1 is primarily
used to reduce the heat c¢f ccmpression from the previous process.
Meanwhile, the low temperature source for the primary separator
is suppliea directly by the refrigeration system. In order to
ensure that the liquefaction process is maximum at the heat
exchanger 2, a contrcl system is installed at its outlet to sense
any uncondensed refrigerant-12, so that the proper adjustment of
the mass flcw rate can be mace at the throttle valve l. Ancther
controller needed in the primary separator is a liquida level
controller tc maintain the specitiec liquid level in the primary
tank. This controller will automatically turn the liquid pump on
and off so that the level is maintained at one half of the tank

throughout the process.

The final stace in the primary system process is to
transport and store the liquid refrigerant~l2 into thé main
storage tank. This liquid retrigerant=-12, which is pumped cut
from the primary separator tank is transferred through the heat
exchanger 1 to increase the temperature before storing it at 7

atmosphere and 80 degrees F.

- 8 -



SECONDARY SEPARATION (see figure 3)

As stated in the design selection, the Secondary R-12
Seperation System will uti]iie activated carbon to adsorb the
gaseous R-12, Activated carbon was found to be the most
efficient method ot separating air from refrigerants. The
adsorption process reduces the partial pressure of the R-12 to a
very low value, resulting in very low emission to the
environment. Inspection of the aasorbent isotherm graph 2 on the
next page, supplied by American Norit Company Inc., indicates
that as the temperature of adsorbent decreases, its aasorption
capacity increases. The amcunt of activatea carbon required was
determined from the adsorbent isotherm. Assuming that the
agsorbent bed is refrigeratea to 32 F, a total of 63,000 1bs of
activated carbon is required to adsorb the total amount of R-12
remaining at 0.04 atm, (12,000 1b of R-12, see Appendix for
calculations). A critical variable in the adsorption process is
the velccity of the air/R-12 mixture. In order to maximize
adsorption, an air/R-12 mixture velocity of 50 ft/min was
recommended by various activated carbon manufacturers. A common
large adsorption bed size is 6 ft in diameter, These parameters
were used to design the aascrpticn bed size ana to determine the
maximum allowable flcw rate through the beds, (See calculaticns
in Appenaix and graph 3.) The seccndary separation proccess time
may be decreased by increasing the number of adsorption beds thus

allcwing the flcw rate tc incresse.
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Once thé wind tunnel pressure is at 0.04 atm., air will
be introauceq into the wina tunnel. A variable conductance valve
will be automatically controlled in crder to maintain the |
pressure of the air in the tunnel at 0.1 atmosphere. The air
will alsc be dehumidified with silica-gel to prevent water vapor
condensation in the cold condenser coils of the primary
separator, The air/R-12 mixture will be coclea dcwn to a very
low temperature as it passes through the primary separator. Once
air is detected in the primary sebaratcr, the adscrption process
compressor (C3) is activated. Compressor C3 is needed in order
to cVercome the pressure drop across the adsocrbent beds and
exhaust the purified air to the atmosphere. The compressed
air/R-12 is then ccclea by the cold purified air from the
adsorbent bed before reaching the adsorbent beds. The process
will ccntinue until the mass of refrigerant in the tank is as low
as reascnably achievable. (See graph 1 of adsorpticn process
time.)

Descrption cf the activated carbon is achieved with the
use of hot air which is passed through coils with-in the beds.
The descrbea R-12 gas will be introduced back into the primary
system where it will be compressed and liquified. The ring pumps
will be utilizea tc speec up the aesorpticn prccess. The
desorption time is directly related tc the temperature of the hot
air. Mcst activetecd carbcn manufacturers recommened the use of
high temperature steam in the regeneration process. This methoc
was not usea, the adged equipment required tc remcve the mcisture

frocm the R-12 would complicate the system,
ORIGINAL PAGE Is
OF POOR QuALITY
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PRESSURIZATION WITH R-12 OF POOR QUALITY

When the test is desired to be rum with high density
fluid in the tunnel, the liquid R-12 from the main storage will
be vaporized befcre filling process can be done., When
pressurizing the tunnel with R-12, there are two majocr steps :
1) Evacuation of air with-in the tunnel, and 2) Evaporation and
pressurization of the R-12 gas.( Figure 4 shows the

pressurizaticn system ccmponents.)

1) Evacuating Air

Initially the pressure inside the tunnel is at 1 atm,
The tunnel is proposed to have all R-12 gaseous at 7 atm,
therefore all air must be taken out. It is very difficult to get
rid of air since perfect vacuum conditions inside the tunnel
cannot be achieved, By selecting the right pump the amount of air
inside the tunnel can be minimized. In this adesign the lcwest
possible pressure that can be achievea is 0.04 atm. This is done
by using two Carrier ccmpressors with capability of 25,000 CFM
tor each compressor and five liquid ring vecuum pumps with
capability cf 2,100 CFil fcr each pump.

First ot all, twec Carrier compressors will be used to
reduce the wind tunnel pressure from 1 atm to 0.25 atm, The
ccmpressors will discharge the air frcm the tunnel thrcugh V1l

and release it into the atmosphere. Time required is 28 minutes.

_

- 15 -



an'L }
Wiv's = g A
RN EREN JvanLe 6D [ WMAWY €D
ASYNINd WO YIQ N iyl 4/_
A b d1v —€ .:U
— vaﬁm EIA zm“
» 2 @ NP:>MH|@
PN < —
DLvavdIs (g CRIAAA @ 4 Oel =1
AJYNIND DL
— & >\§>>z/>|l@l%| on X FIIHSSOWLY £ = d .
IN'L B
I YIONYHOX3 _
fuseny JANNNL ANIM
2 F
5 NI ¥1V
£ 1]
e & 7
w8
23 y 33NO14
FIRTH
©o WIALSAS NOILVZIANSSFdd




ae]

ORIGINAL PAGE IS
OF POOR QUALITY

E-]

(4o)(aN/mg ut AdOHINI

et

WY HOVIAd AJdIVHEI-IUNSSIAUd

86861 IUVMVYIIA ‘NOLONINTIM

NOISIAIQ S12NQ0Yd .NO3JHA..

('ONI) ANVdWOD ¥ SHNOW3N 30 INOd NQ '1 '3

qt/y nd w IWNT0A

09 05 (14

»le
IONVYHD J1vDS

08

oot

Howt

do U IHNLVHIdWIL

¢l .,NO3d4,

€-

(viSd) 34NsSs3ud



After the pressure of 0.25 atm is achievea,‘all liquid
ring vacuum pumps will be used while the large compressors are
idle. The ring pumps will reduce the pressure down to 0.04 atm
in approximately 174 minutes. This is the lowest pressure inside
the tunnel that can be acnieved with the propcsed configuration
of pumps. After this pressure is attained, the filling process

canh be started.
II) Filling

During the filling process the gaseous R-12 will be
injected into the tunnel with the use of the compressors. The
stages of vapcrization and pressurization are shown on the P-H
located on the next page. In order to fill the tunnel with
gasecus R-12 at 7 atm pressure it is requirea that 1,075,032 kg
( 2,370,000 i1bs ) of liguiada R~12 must be vaporized.

During the pressurization process, the stored liquid
R-12, initially at 7 atm, will be throttled by passing it through
thrcttle valve V2. The throttling process will reduce the
pressure as well as controcl the flow rate such that the heat
exchanger is capeble of vaporizing all liquia R-12. A serscr,
located near the ocutlet of the vaporizer, will control the flow
rate tc ensure complete vapcrizaticn of R-12. If liguia
refrigerant is detected, the valve area will automatically be
veried tc decrease the flcw rate ensuring all liquia is
vaporized. In order to vapcrize the R-12, a total of 126,000,000

KJd ¢f energy is required. The heat frcm the ccoling water ct the

- 18 -
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compressors at NASA AMES, which is dsua]]y cooleda by & cooling
tower, can be used to sdpb]y part of this heat. This will help
to reduce the temperature of the cooling water very effectively
as well as reduce the operéting costs of the pressurization
process. After being vaporized, the R-12 gaé will be pressurized
by using two Carrier compressors. The estimated time for this

process is apprcximately 103 minutes.

SAFETY AND HAZARDS

As in any situaticn, safety is of’the utmost importance
in order to prevent injury, loss of 1ife or Qamage to equipment.
Tc prevent any unsafe situations, strict bperat1ng.proceaures andg
guidelines should be uncefstood by all. Plans of evacuation and
methods of response should be developed tc ensure proper actions
are taken 1f a hazardous situation occurs.

Handling ana storage of large amounts of R-12 can
create a hazard in low lying areas such as pits, trenches and
other areas in which the gas cculad accumulate resulting in an
oxygen deficient atmosphere. Installation of permanent oxygen
mcnitcrs as well as available portable oxygen monitors will
eliminate the possibility of suffocation.

Areas callea "sefe haven" shcula be incorpcratec in the
facility to prcvide safety if a large leak of R-12 should ever
occur. A "safe havern" is & rocm which would be deemed as heving
a safe atmosphere (purifiea make up air). Self-contained
breathing apparatus shculc be on hara in order tc allcw perscnel
to evacuate from the cxygen deficient area if the need arises.

- 21 =
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As in any typical work environment, strict guidlines on

lock and tag procedures should be followed when working on any

pcwer equipment,
Other hazaras inherent in the recovery process incluge:
- noise level
- high and lcw temperatures
- rotating machinery
The occurance of injuries ceaused by the hazards asscciatec with
‘the recovery process can be reduced by appropriate signs which

warn people of the nearby danger,

SYSTEM SPECIFICATION

The following 1s a 1list of system specificaticns for
the various parts of the R-12 pressurization and recovery process
as well as various assumptions made in order to perform the

necessary calculations.

WINDTUNNEL
Volume : 1 EQ06 cubic feet
Mass of R-12 in tunnel : 2.37 EO6 1bs

Tunnel operating pressure : 7 atmospheres

PRIMARY SEPARATIUN SYSTEM

‘ Refrigeration system : 9,600 tons at -80 F

Primary separaticn tank : &' aia. by 10' (2100 gal)

- 22 -




Carrier Compressors (2) : 25000 CFM each
Liquid Ring Pumps (5) : 2100 CFM each
Liquia pump : 180 GPM

SECONDARY SEPARATION SYSTEM
Adsorption beds (3) : 6 ft diameter by 27 ft long
Adsorbent proccess compressor (C3) : 6/1 compression
ratio

Adsorbent : Activated Carbon Sorbonorit B

Density - 28 1bs/cu ft

Pellet size - 3.8mm dia.

Pressure arop - 3" of water/ft of bea

Assumed bed temperature - 32 F

Regeneration method - hot air

Required amount - 63,000 1bs

Total cost - $87,000 @ $1.38/1b
In order to reduce the total amcunt of time requ1rec
for adsorpticn, the flcw rate thrcugh the adscrbent
beds needs to be increased. The increasea flow rate
woula require acditicnal adscrbent beds toc ensure
complete purification of the air (see graph 3).
The assumed bed temperature ot 32 F was used as an
example. Lower temperatures at the same adsorption
capecity woulc result in lcwer vapcr pressure of R-12,

thus reaucing the amount of refrigerant emittec to the

atmcsphere.

- 23 -




STORAGE OF R-12

Storage tank volume : 35,000 cu ft
Stcrage temperature : ambient

Storage pressure : 7 atmospheres

REQUIRED TIME FOR EACH PROCESS
Recovery process
- from 7 atm to 0.25 atm €@ 25,000 CFM 133 min
(see graph 4 page 19)
- from 0.25 to 0.04 @ 10,500 CFM 174 min
(see graph 5 page 20)

Adsorption process time

N (leaving less than 150 1bs of R-12 in
tunnel)
Flcw rate cf 4200 CFM 1500 min
Flow rate of 10,500 CFM 420 min

(see graph 1 page 11)
The increase of tlow rate during the adsorption
prccess reduces the required time by a large
amount., See graph 1 page 1ll.

Total recovery time

- Using 5 liquid ring pumps in

adscrpticn prccess 12,1 hrs
- Using 2 liquid ring pumps 1in

. adascrpticn process 30.0 hrs
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Pressurization time
- Pump down of tunnel
1 atm to 0.25 atm @ 50,000 CFM
(see graph 4 page 19) 27 min
- 0.25 atm to 0.04 atm @ 10,500 CFM
(see graph 5 page 20) 174 min
= Pressurization of tunnel with R-12

to 7 atm (see graph 4 page 19) 103 min

Total pressurization time 304 min

CONCLUSION

The propcsed refrigerant-12 recovery and pressurization
system is a very effective method in R-12 reclaimation., Many
improvements can be made to the system which will decrease the
recovery time. There must be a great deal of process time/cost
analysis done in order to design the optimum system. Many
assumptions, based on technical knowlecge, were made in crder to
ccmplete this preliminary design,

The design group, consisting of senicr level mechanical
engineeering students, found this design project tc be a very
challenginc experience. The ccmpletion of the prcject geve us a
close look at the real worla of engineering and design., Valuable
experience gained while werking cn the pruject will be a benefit

to us in our future years as engineers,



APPENDIX

A) PRESSURIZATION PROCESS

I) CALCULATING THE REQUIRED MASS OF R-12

In order to have a pressurized wind tunnel with R-12
at 7 atm and at a temperature of 120 degree F the required mass
is:

At 120 degree F, pressure of 7 atm = 103 psi

Volume = 1,0 EO06 cubic feet

Specific volume = 0.4412 cu ft/1b

Mass = volume/specific volume

= 2,266,546 1bm ( 1,028,105 kg )
Therefore the required mass is 2,370,000 i1bm ( 1,075,032 kg ),

which 1s 5% excess.

I1) CALCULATING THE VOLUME OF THE LIQUID R-12

The liquid R-12 is stored at 7 atm and a temperature of
80 adegrees F (ambient temperature). The amcunt of liquia R-12
needed tc be vapcrized is:
Specific volume is 0.012277 cu ft/1b
Therefore the volume will be
Vclume = (2,3/0,000 1b)(0.012277 cu ft/1b)

29,097 cu. ft (824 cu meter)
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In this design the propcsed container will be a
spherical shape container. This is because the spherical shape is
capable of holding higher stress at any section ccmpared to other
shapes. The diameter will be 38 ft ( 11.5 meter ).

In this aesign it is impossible to vaporize all liquidg
R-12 from the container otherwise vacuum conditions would exist
in the main storage and the condenser is nct cabaple of producing
vacuum., It is suggested that about 20%Z of extra mass of R-12
should be stored in the main storage. Thus, the volume will be

35,000 cu, ft ( 991 cu. m ) with diameter 40 ft ( 12.5 m ).
I11) CALCULATING HEATING REQUIREMENT FOR VYAPORIZATION

To maintain R-12 in form of gases in wind tunnel, the
temperature inside must be maintained at about 100 F. Due tc heat
loss when injecting the R-12 gases into the tunnel, since the
filling prccess takes a lcng time before the tunnel can be
completely vaporized, higher temperature should be selecteda. In
this design the temperature is to be maintained ét 120F.

Calculating heating requirement to vaporize liquiad R-12:

Q =m ( hl - h2 )

where Q is the total heat to vaporize 2,370,000 1b
( 1,075,032 kg ) of liquia R-12

m = mass ¢f liquia R-12

enthalpy of liquia R-12

h2

26.365 Btu/1b
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hl = enthalpy of R-12 gases before entering the
compressor
= 76.85 Btu/1b
P2 = The pressure of liquid R-12
= 7 atm
Pl = the pressure of R-12 gases before entering the
compressor
P1L =1 atm

Therefcre the totel heating requirement is:

Q

2,370,000 1b ( 76.85 - 26.365 Btu/1b)

120 E06 Btu or ( 126 EO06 KJ )

B) RECOVERY PROCESS

Calculating the tctal pcwer required to condense

1 E06 cubic feet of gas R-12.

Frcm heat exchanger 2, assuming that the efficiency is 100%

m ( hl - h2 )

f o]
"

where

The tctal mass of gass R-12

m

Tl = The inlet temperature at hot side

T2 = The cutlet temperature at hot side

hl = The enthalpy at the inlet temperature

h2 = The enthalpy at the outlet temperature
knowing that

Tl = 120 F ( 321.9 K )
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T2 -80 F ( 210.8 K )

P 103 Psi ( 710 kPa )

using ( P-H ) diagram for R-12

hl = 95 Btu/1b ( 221 KJ/kg )
h2 = -9 Btu/1b ( -21 Kd/kg )
since
Q=m( hl - h2)
Q = (1,075,032 kg ) ( 221 + 21 KJ/kg )
Q = 2.60157 E08 KJ or ( 2.46654 EU8 Btu )
Power required
P =Q/t
where
t = Is the time during maximum flow rates (wcrst case)
= 133 min ( 7980 sec )
thus
P = 2.60157 EO08 KJ / 7980 sec

32 KW or ( 9600 Tons )

C) CALCULATING FOR SECONDARY SEPERATOR

Recommendations on the type of activated carbon which
wculd efficiently adscrb R-12 was cbtainea by ccntacting various
carbon manufacturers. The general information obtained includes:

- Pressure drcp is 0.11 psi/ft ot bea depth

- The usual diameter for the bed is 6 ft

- For each 20 1b cf R-1Z2, 100 1b ot activated carbon

charcoal is needed
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(:\ - For best results of the adsorption process the flow
“. _through the beds should be 50 ft/min
At pressure cf 0.04 atm and temperature of 120 degree F

the amount of R-12 left inside the tunnel 1is;

Mass = volume / specific volume
Volume = 1.0 EO6 cu,.ft
Specific volume = 87,16 cu. ft/1b

Mass ( 1.0 E0O6 cu, ft )/ ( 87.16 cu., ft/1b )

11,480 1b
For best result, the mass left is assumed to 12,000 1b .
Therefore 60,000 1b of activated carbon charcoal 1s needed to
adasorb 12,000 1b of R-12 x
@
The density of charcoal is 28 1b/cu. ft
The volume of the adsorption beds 1s:

mass/density

Volume

( 60,000 1b )/( 28 1b/cu. ft )

2,143 cu.ft of charccal

In this design the amount of the R-12 to be adsorbed is
maximized by having larger volume cf the adscrbent beds.
the chosen value in the analysis is 2,250 cu. ft ( 5% more than

needec ). The shape cf the beds will be cylinarical,

. Volume = ( 3.142/4 ) (L )( D**2)

- where
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Knowing

L dis the total height of the cylinder

D 1s the diameter of the cylinder which is 6 ft

Volume = 2,250 cu. ft

Therefore the total length is:

L = 80 ft

This total length will be used to find how many beds

are needed. The number of beds is to be minimized to reduce the

cost while the flow which passes through the beds 1is appropriate

with the flow rate of the liquid ring pump.

Calculate number of beds needed:

Where

The cross sectional area of 6 ft diameter of cylinder

is 28 ft square.

Q = (N) (V) (A)

Q 1is the flow rate of R-12 mixture
N is the number of the liquid ring pumps to be used
V is the velccity cf the mixture which is 50 ft/min

A is the area of the adsorbent bed which is 28 sq.ft

The flow rate will be

Q = ( 1,400 ) ( N cu. ft/min )

By using three beds

Q = 4,200 cu, ft/min

The mixture will be pumped using liquid ring pump with a capacity



of 2,100 cu., ft/min; Therefcre, twc pumps will be used.

By using three beds, the height of each adsorbent bed is:

L ( 80 ft )/( 3 )

27 f1

D) CALCULATING THE PRESSURE RATIO OF COMPRESSOR C3

The pressure drop for the flcw of the mixture through
the adsorbent bed is 0.11 psi/ft of the bed depth. Therefcre for

27 ft depth the pressure drop is 3 psi.

The compressor €3 is used to compress the mixture that
flows from the primary seprator to the secondary separator, In
order to have the air pressure at 10 coming at 1 atm
(14.7 psi), the compressor C3 has to have a preésure ratio of

1:6. The average pressure at 4 is 3 psi using pump 1,

E) CALCULATING TIME OF BLOW DOWN THE TUNNEL

The initial pressure inside the tunnel 1is 7 atm
( 103 psi or 710 KPa ), the temperature is 120 degree F
( 49 agegree C cr 322 Kelvin ). The voclume cf the tunnel is

1.0 E06 cu. ft ( 28,312 cu. m ).

Defining variables:

mc 1is the mass flow rate of the R-12 leaving the

tunnel.

M 1s the mass ot the R-12 inside the tunnel
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V s the volume of the tunnel

R 1s the R-12 gas constant

T 1is the temperature of the R-12. The temperature is
assumed to be constant

N is the number of compressors or pumps being used

Q 1is the capacity of compressor or pump. For Carrier
compressor, the capacity is 25,000 CFM anad 2,100 CFM
for liquid ring pump.

Pf 1s the final pressure

Pi 1is the initial pressure which is 7 atm

tf 1is the final time

to 1s the initial time which is zero min

Since

- (aM/at)

mo
Assuming jdeal case
M= (P)(V)/(R)(T)

Thus
(V)(aP)/(aT) = (N)(Q)(P)

Seperating variables and integrating gives
In (Pf)/(Pi) + L(Q)(N)/(V)] Ltf - tc] =0
Therefore; the time to blow down the tunnel is:

T = 1n (Pf)/(Pi) [ =(V)/(Q)(N) ]
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F) CALCULATING MASS OF R-12 IN THE TUNNEL WITH RESPECT TO TIME

In order to find the fate of change in mass of R-12 in
the tunnel a ccntrol volume was placed at the tank walls. During
process, the pressure is assumed to be constant at 0.1 atm. The
fcllowing diagram shcws the variables which were used td derive

the equation.

/// Ql, mla
4

Mf, Ma, Pf, Pa
AN

Qz,

m2a, m2f

-

Yariable definition:

Ql - volumetric flcw rate into the tunnel
mla - mass of air entering the tunnel
Mf - mass of R-12 in tunnel
Ma - mass of air in tunnel
Mfo - initial mass of R~12 in tunnel
Pfo - initial presure in tunnel
Pf - partial pressure of R-12 in tunnel
Pa - partial pressure air in tunnel
P - total pressure in tunnel (Pf + Pa)
Q2 - volumetric flow rate out of tunnel (same as Ql)
m2a - mass ftlcw ct air leavinrg the tunnel
. m2f - mass flow of R-12 leaving the tunnel
V - vclume cf tunnel
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Rf - gas constent for.R-lz
Ra - gas constant for air’
T - temperature cf air in tunnel
densl - density of R-12

dens2 - density of air

Applying mass balance of R-12 at control volume:

aMf/at (mlf - m2f)
Since there is no R-12 entering the tunnel, mlf = 0
Therefore,

-m2f

amf/dt
Since,
m2f = (Q2)(agensl)
Assuming R-12 1s an ideal gas, from the ideal gas law,
densl = (Pf)/(Rf)(T)
Substituting,

atif/at = (-Q)(Pf)/(RF)}(T)

Applying mass balance of air at control volume:
ata/at = mla - m2a
or in terms of volumetric flow rate and density,

dita/at = (QL)(P)/(Ra)(T) = (Q2)(P&a)/(Ra)(T)

Since,

Q1 Q2
Then,

cMe/at = (P = Pa)(u)/(Ra)(T)

- 35 =




Substituting,
Ma = (Pa)(V)/(Ra)(T) and (P - Pa) = Pf

The equation becomes,

(a/at)(Pa)(V)/(Ra)(T) = (Pf)(Q)/(Ra)(T)
differentiating,

(v)(aPa)/(at) = (Pf)(Q)
Oor,

(aPa)/(at) - (P£)(Q)/ (V) =0
Substituting,

(P - Pf) in for (Pa)

Then,
a(P - Pf)/(at) = (PFf)(Q)/(V) =0
Since ap/dt = 0,
m. rhens d(Pt)/(at) + (Pf)(Q)/(V) =0

Separating varibles and intergrating,
In(Pf/Pfo) = t(-Q/V)

From ideal gas law, PY = mRT and since the volume, gas constant
and the temperature are assumed tc be constant, then;

Pf/Pfo = Mf/Mfo
Therefore,
Mt = (Mfc)EXP(=-tQ/V)

The value ¢cf Q/Y is known as the reciprocal cf the system's time
ccnstant, This value clearly reveals the importance of a high
flow rate which depends on the configuration of the pumping
systenm. .

V/Q = (1UEO06 cu ft)/4200 CFM = 240 min

TIME CONSTANT

or
(10E06 cu ft)/10500 CFM = 95 min
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420 AGMAC AVENUE

e ' Ac t i vda 'l e d C a rb on | Jacksonville, Fi. 32205

. PRODUCT INFORMATION
: Bulletin No. 206
Revised 11-87

SORBONORIT B
GRANULAR ACTIVATED CARBON

The SORBONORIT grades of NORIT Activated Carbon are designed especially for
recovery of solvent vapors from air. They are characterized by a highly
developed pore structure, good resistance to abrasion, uniform particle
structure, and low resistance to air flow.

This carbon is available in various pellet gsizes to meet specific requirements.
Listed below are typical property data:

SORBONORIT

. B2 B3 B4

Bulk density, = g/ml ' : .460 .430 .430

- lbs./cu. ft. 28.7 26.8 26.8
Moisture, % as packed -2 T 2 2
Ash, 7% 6 6 6
Hardness (ASTM) 99 99 . 99
Ignition temp. (ASTM),°C 450 450 450
Pore size distribution, ml/g:
- micropores (less than 1 nm) 0.42 0.42 0.42
- transitional (1-100 nam) 0.09 0.09 0.09 .
- macropores (greater than 100 nm) - 0.42 0.42 0.42
Surface area (N,-BET), m</g 1100-1200 1100-1200 1100-1200
Pellet diameter, mm 2.0 2.9 3.8

Packaging

44.1 1b. net multiwall paper bags, - bags palletized in unitloads containing 40
bags each. Net pallet weight is 1764 lbs. Orders less than unitload are
supplied in bags plus shipping cartons without palletizing.
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Teiapnone:
$04-733-6406

. American Norit Company. Inc.



"TYPICAL PRESSURE DROP FOR SORBONORIT B
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~~ TEGHNICAL NOTE

" Refrigerant Freon-12
®quations

By H. A.Sadafi*

The basic equations for the thermodynamic behaviour of
commonly used refrigerant Freon-12, axpmssed in ST units, are
presented in this note for the use of engineers in the designing of
rerrigeration equipment. These fundamental formulae are
intended for computer based modelling and system simulation

of refrigeration machinery.

Introduction

Pressure-volume-temperature, density,

heat capacity, enthalpy and entropy

properties of R12 are reported below.
The derived relations, which generate

data in SI units, are based on the
equations with Imperial unit constants
established by Downing.'

This additional information may be of
assistance in heat transfer calculation

dna COoMmpuEl @iy UClEermmnauon or -

refrigeration processes.

Saturation propertxes
equations -

The thermophysxcal properties of R12
formulatedbyR C. Downing' are shown
in simplified form. These relationships
are suitable for the temperature range
-100°C to 100°C; the constants for the
equationsare givenin Tablel. =

Downing is the reference source forall
the equations in this sectmn
(e PGPy S H

N ote — Additional equations ,‘ :

To increase the speed of computation,
additional equatios for the refrigerant
properties have been developed by the
author® using regression methods and
have been validated by cnmpansonmth
ASHRAE pubhshed data’ - )
Vapour specific wiume: A power cm've
for specific volume of the vapour in
terms of absoiute saturation tempera-
turehasbeenﬁttedandplotmdm

Figure 1.

Liquid density
do= A +BT +QT)" + XT')" + &T'¥
where T" = 385.166-T
for d, in kg/m’ and 7, saturation temperature, in kelvin (273.166 + °C).

Vapour pressure
logP=A+ B +ClogT+DT

. ’ T
for PinkPaand Tin K.
Equation of state

po AT , B+CT +D(Exp) , E+FT+G(Exp) 4 H 4 IT + J(Exp)

v (V'F vy vy

Heat capacity of vapour at
constant volume

C.=A+BT+C'I’+UI’+ET(Exp.)( F + G + H)
V) (V'R (V'

Latent heat of vaporisation

he = AT (v -vP{ B + £ D)
(v UJ(T’+T+

for h. in kJ/kg, Pin kPa, v and v, inm*kg and Tin K.
Eathalpy of vapour

h_=AT+BP+c7’+m*+E{RV)+(_E_+_G_+__1!_)+
vTOvE (VP

(1+m(Exp.)(L+ K . L +.w>

V' (V' vy
for iy inkJ/kg, Vinmi/kg, PinkPaand TinK.
Entropy of vapour

. s =AMB +1ogl) +CT =0T + £7 + FllogV" + G} +

(4L + L
1% (VF (Vy

- _ '-(E.".D.)(_f{_-s- L . M)+N
AN

where V' = V -4.063 681 11521 £ x 10*and Exp. = e amnrmanwin for Pin kP3, Viam¥kgand T K.

where V" and Exp. are as defined abave for C, in kJ/kgK, Vinm¥kgand Tin K.

where 1" and Exp. ire as detined apove for 5., :n k] kg, Vinm<vkgand Tin K

ca e
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Table 1: Constants for R12 equations

R N T

/-\
(’- .
| m Equatioa Liquid Yapour Equation of Vapour heat Latent Eathalgy of Entropy of
5 Coastants density pressure state capacity heat apowr vapour
' A 538083 146 4 538633 H39 GATI0S915371Ex 104 | 00338916715 LU % 0033890032 6 {352 T2 E x 107
B 0ITT I3 126 88 1909240 128 5161 480001 E x 104 § 2.307 140429 2F x 10+ | 1060.688 939 26 12535103BHEX10° | 02552230518
c 17943303 302 4 q247132 28 771033326593 E x 10 {3274 662 146 85E x 10* |-3.009 062 348 4 -1.091 301975 46E x 10¢) 1392789261 6E x 103
D 117435 807289 835147963956 x 103 | 132508370561 1638152294 Ex 10° | 473042 HEX 103 4104 HZ 037 45E x 10 5095849 79532E x 10°
£ Q4R 286890 9E x 104 - 1010293437 81 E x10¢ | 8.697 3560 186 28E x 102 - 1000 125971 2 31040253361 07 E x (0|
F - - SET48ISHTO0GE x 10 { -3543 586 02¢ &2 - 0,162 308 008 35E x I0? L"Mﬂ&l“l}:xm’
¢ - - 2199603 584 97E x 103 253542831 41E x 102 - 052608647 RE x 105 | 1246205783 -
1 - - 4081 3T 1IEx 10 - - L2LRSAREX 107 | 1378337781 19E x 10
] - - 1662913 198 TTE x [0 - - ASBTTUSAL 5838 M2 BE x 10
X - - - - - 1099941436 43E x 103 | -1204 313700 06 E x 10
. - - - - - 4157810855 (3L x 10 2636253 230 13E x 10+
| u - - - - - 11353 AR IBHE x 10
i N - - - - - - 123630811
V. RI2 Psat R12 T R12
m-tky kPa K
3 3200¢ 370
< T \
1 ORIGINAL PAGE IS
24 25724 OF POOR QUALITY 342¢
4 -
-]8 * 1944" 3140
P 3 T 'I'
" 13161 / 286
? L 3
06 - 688‘ 258 -
0 X 60 230 j . - . -
220 288 286 314 342 370 230 228 286 314 342 370 60 688 1316 1344 2572 3200
T Tsat SR
A K kPa .

‘ Equauon
‘ Constants !

Figure 1 Specit«c volurme of vapour

Figure 2. Saluration pressure

Fiqure 3: Saturaton temoerature

This equation is valid for the tempera-
ture range —0°C to 100°C.

e =al!
whereg = 2.715011 59043 £ x 10"
and b = -3.483 269 769 07

Vapour pressure: Two more reiations
berween P and 7 have been lineanzed

for the smailer temperature range
—40°C to 100°C. The constants for
these extra equations are given In
Table 2.
P=a+6T +cF +dT + el +/T
for PinkPaand Tin K.

The expression for saturation tem-
perature as a function of saturation

Table 2 — Constants for the extra relations

Vapour pressure I

Saturation temperature .

-n806.287 B39 72

25888327338

4000 222 026 67

FR TS N L oa

4...:):.4-3;5 < 0

| 215.410 460 703
| 11‘ 67T 711028 0.220 818 041 102
; 0,738 134 491 201 +.366 T45 330 83 E x 10*

9259 148 U8Y 6 E < 10" |
7166 890 663 IS E < 101
3094 TR0 IS6 TE < 10
»s08 0351635 33 FE < 10"
131 n31 23T 04 E x §0

£ <0

£ <o

pressure is —
T=ag+bP+cP+dP +eP +fP
+gP + hP
for Tin K and Pin kPa.
The curves fitted ‘or these two poly-
nomial correiations are shown ia ki gure
2 and Figure 3.
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The liquid ring vacuum pumpis a
nonpulsating pump that removes
. gases by means of rotating impeller
( " lades which enter and leave a ring
- ‘iquid. usually water, but can be a
iety of other sealants such as oil

or toluene. ORIGINAL PAGE IS

When the pump is operating, the OF POOR QUALITY

sealing liquid is thrown to the peri-
phery of the casing where it forms a
moving ring of liquid around a cen-
ter void. The impeller shaft is
mounted above the center line of the
casing so that the blades rotate con-
centrically but are located eccentri-
callv with respect to the casing and
the ring of liquid. The axial suction
and discharge ports of the pump are
exposed to the void but are sepa-
rated from each other by the
impeller blades and the ring of
liquid.

As the process fluid (gas or vapor)
is drawn into the pump through the
suction port, it becomes trapped
within the space tformed by the
impeller blades and the liquid ring.
During rotation. the blades enter
deeper into the liquid ring, and the

apped space becomes progres- _

lv smaller. compressing the Jas -

and exhausting it as it passes the dis- :
charge port. The liquid ring acts as
a liquid piston. accomplishing the
entire pumping operation without
vanes, valves. pistons. or any other
metal-to-metal contact.

Pump in Operation

Pump at Rest

-
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KINNEY VACUUM

A UNIT OQr GENERAL SIGNAaL

LIQUID RING VACUUM PUMPS

SERIES KLRC & KLR

4202-18

EFFECTIVE:
FEBRUARY 1, 1986

A B g 2k E F
Addition Complete Complete
Complete For Pump Ass'y |Pump Ass
. Pump Ass'y| Complete Separator (As In (As In
Bare W/ Base, Pump Ass'y| Tank Col. B) Col. B)
Shaft Drive (As In (Not A W/ Partial |W/ Full
std. Pump Guard, and| Col. B) Sell.Price | Sealant  |Sealant
Motor Only Standard Less If Sold Recovery Recovery
MODEL HP (Std.) ODP Motor Motor Separatelv)| System Svstem
RLRC- 11 2 § 728 $ 1,140 $ 1,000 $ 105 $ 1,570 $ 2,195
KLRC—- 25 3 795 1,285 1,135 105 1,715 2,340
KLRC~- 40 5 | 1,015 1,595 1,435 145 2,120 2,825
*XTRC- 75 | 5 | 1,115 1,700 1,525 145 2,225 2,930
KLRC- 100 | 73 | 1,435 2,310 2,035 145 2,935 3,690
KLRC- 125 | 10 | 1,630 2,545 2,250 145 3,170 3,925
*YILRC~- 200 | 15 2,22¢S 3,200 2,800 145 4,085 4,830
KLRC- 300! 2% 2,490 3,800 3,225 145 4,370 5,665
KLRC—- 525 | 50 | 4,070 6,715 5,680 430 7,785 9,465
XLRC- 5261 40 | 4,070 6,375 5,525 430 7,445 8,900
KLRC- 775 | 75 | 7,600 11,500 9,718 Qg5 12,835 15,510
KLRC- 776 | so | 7,600 10,640 9,610 955 12.980 14,640
XLRC- 9501 100 | 8,240 | 12,018 10,990 985 15,250 17,335
*vT3C~ 951 | 60 | 8,240 | 11,820 10,015 955 14,180 | 15,830
XKLRC-1500 | 150 | ALL PRICES ON REQUEST
XKLRC-1501 1 100 | " " " "
XLRC=-2100| 200 | " " " "
XLRC-2101 1 125 | " " " "
¥LR- 4% | 3 1 s a1 | s 1,305 $ 1,155 S 145 |'s 1.820 s 2,535
<L.R—- 85| 5 | 1.0%0 | 1,630 1,465 145 | 2,185 2,860
XLR- 120 | 10 | 1,385 | 2,425 2,135 145 | 3,028 | 3,780
*®vID— 20 | 15 | 2,408 | 3,435 | 3,028 145 b 4,280 | 5,000
*wvrn— 360 | 25 | 2,322 | 4,375 | 3,798 145 j=,.99 | 6,280
*xv7 3~ 700 | 2g i 4,332 7,020 I 5,590 | 130 | 2,27% | 9,953
¥LR- 7011 30 ! 4,328 | 5,850 t 5,908 | 430 | 7,240 | 9,320
#wvro_ 0S5t 7% ~, 335 | 12,283 | 10,47% | ass I 1e,26% | 16,890
¥LR-1051 | SQ 7,322 | 10,720 I 9,7t%s l 9Es I 12,350 | 15,198
£xvT3-3000 | 100 ! ALL PRICZIS ON REQUEST
¥IR~-26001 20C | " ! " N
**vT-2601 ! 150 | " " " "
ORIGINAL PAGE IS
OF POOR QUALITY
Supersedes Price List 4202-17, dated 3/4/85.
Minimum Billing: S5C. Terms: VNet 30 days.
All prices £.0.3 Factzry, Cantcn, MA.
For prices 7.0.3. Il Sequndo, C&, chone KINNEY vacuum T
(212) 772-2191. A LT T® SENEZL. 3iSNAC
Proces suclect ©Z Inhange without notice. S ’"‘;Gs'i;._t::_e_'s;;g

TEuLPwre g ce~ nop.gure
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rPRICE LLST 24UL™ 10

Sucersedes Price List 4202-17

=iy

Minimum Billing: $50. Terms: Net 30 days.
All zrices F.0.3. Factory, Cantcn, MA.
For zrices £l Sequndo, Ci, chone

dated 3/4/8E.

Add for HOTES:
Add Inlet ® Requires motor with 1.15 service factor.
for Sstd. | Check Add ODP motors have 1.15 service factor.
T Mech. Valve & for All ** For sustained operation below 200 torr, a
o Shaft Elbow Iron Pump motor with a 1.15 service factor may be re-
_@‘ Seals { Mounted) |Construction quired. See Catalog Bulletin 4105 for BEHP.
KLRC~- 11] § 370 $ 85 $ 85 SPECIAL NOTES:
KLRC~- 25 370 85 95
KLRC- 40 480 100 120 'l. When ordering, exact operating voltage
KLRC- 75 480 100 130 must be specified. ) A
RKLRC~- 100 545 100 170 )
KLRC- 125 545 100 190 2. Standard motors through 50 HP are '
KLRC- 200 650 140 260 3/60/230-460; 60 EP and over are single
KLRC- 300 650 140 310 voltage (3/60/460). No additional
KLRC- 528 1,060 3158 510 charge for 200 or 575 volt motors.
KLRC-_ 526 1,060 318 510 Consult factory for other voltages.
KLRC- 775 1,555 430 950 :
KLRC- 776 1,555 430 950 3. Motor brand is selected by Kinney.
KLIC- 950/ 1,555 430 1,040 Customer~specified brand is additional.
KILXC- 951) 1,555 430 1,040 If customer furnishes motor for Kinney
KLRC-15001{ PRICES ON REQUEST to mount, consult factory for additional
KLRC-1501 " " " charge.
KLRC-2100 " " "
KLRC-2101 " " " 4. Consult factory for prices on stainless
steel and bronze construction and for
KLR - 45| 480 100 95 pumps fitted with stainless steel
KT’ -__ 85 480 100 125 impellers.
3 130 545 140 185
KL 250 650 190 280 5. For v-belt driven units, motor prices
KL 3601 650 120 350 include motor rails.
KLZ - 700! 1,060 430 570
KL - 701] 1.060 430 570 6. Separator tank is fabricated f£rom mild
KL -1050l L,553 539 380 steel. Consult factory for prices for
KLR -10S51] 1,555 59Q 380 protective coatings such as galvanizing,
KLZ -2000l PRICZS ON__REQUEST teflon, etc.
¥LZ~ 26001 " " "
KLR -2601] ! " " 7. Standard mechanical shaft seals are

suitable when sealant has prorerties
similar to water, light oil, glycol
solutions, etc. For shaft seals for other
type sealants, consult factcory.

ORIGINAL PAGE |s
OF POOR QuALITY

c
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Vapor Handling Capacity

The liquid ring vacuum pump
has a decided advantage in vacuum

* ystems that liberate condensable

por or slugs of liquid. The pump

oduces a vacuum by hurling a
liquid, usually water. When vapors
entrained in the gas flow contact this
liquid, some condensing action takes
place. Thus the liquid functions as a
direct contact condenser increasing
the pumping speed for vapor without
appreciably impairing the pumping
speed for air. This characterisuc
offers functional, as well as eco-
nomic, advantages over oil-sealed
pumps which may have to depend
on water-cooled condensers or
refrigerated traps to maintain their
operating efficiency. With the liquid
ring pump. it is frequently possible
to eliminate expensive supplemen-
ary condensing equipment.

Ce

- W = i“T' T ————

Insensitivity to Contamination

The pumping mechanism of the
liquid ring vacuum pump is insensi-
tive to contamination by liquids and
vapors if they are compatible with
the sealing fluid. Liquid slugs do no
mechanical harm. Some corrosion
resistance can be achieved by selec-
tion of sealing fluid, temperature
control, pH control, and sometimes
by dilution. Where additional resist-
ance to corrosion is required,
pumps are available with special
materials of construction and
protective coatings.

Economy

First cost and operating cost are
low in refation to other types of
vacuum devices. Economical instal-
lation and maintenance costs com-
bine to make liquid ring pumps the
first choice in many vacuum
applications.

ORIGINAL PAGE IS
OF POOR QUALITY

INTERSTAGE MANIFCLD

= —

SUCTICN CASING

MISCHARGE CASING
=

CENTE= WALLS

"SECCND STAGE

BEARING HOUSING
HOUSING i

GLAND CTOLING WATER

Ease of Installation and
Maintenance

Kinney liquid ring vacuum
pumps are quiet. nonpulsating,
and relatively vibration free, mak-
ing them simple and inexpensive to
install. Special foundations are gen-
erally not required. There are no
rubbing surfaces to wear, so mainte-
nance is minimal. Pumps are avail-
able in a selection of materials and
can use a wide range of sealant liq- -
uids. thus providing a relative toler-
ance for corrosives which may enter
the pump from the process stream.

Single-Stage and Two-Stage Pumps
Single-stage units. indicated by
the model prefix "KLR", provide
efficient. economical service in the
pressure range from atmosphere to
(approximately) 130 torr. Two-stage
(compound) pumps designated

“KLRC" have a lower pressure.capa-

bility, producing absolute pressures
down to 30 torr using water asa
sealant and substanually lower with
low vapor pressure fluids.

Optional Sealing Fluids

A distincuive feature of the liquid
ring vacuum pump is its ability to
use fluids other than water as a seal-
ant. This permuts selection of a Auid
which has a lower vapor pressure or
is compatible with process gases
and. in the case of vacuum disulla-
tion. the distillate «self can fre-
quently be used as a sealant.

Combinations to Extend
Service Range
Liquid ring vacuum pumps may

be “staged” in combination with
lobe-tvpe blowers. air ejectors. and
steamn ejectors to extend the oper-
aung pressure r2nze downward or
ampiifv the pumbing speed. These
combinations are <escribed in a
separate hrociure.
Adaprability

Liquid ring vaczum pumps are
adaptabie to a tirnad ranee ot indus-
triai processes us cescribed on page
7ot this brocnure, Conact vour..
nearest Kinnev -zies ottice to deter-

muine the sutaost:e o hguid rimg
pumps [Or YOUr Irocess or
appilcaton,
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Factors Determining Type and Size 2. Operating Altitude

of Pump Required The pumping capacities shown
-~ The following factors should be in this brochure, when stated in
¢ sidered in selecting the proper inches of vacuum, are based on

s 4eump: operation at sea level. When oper-

ating at higher altitudes, pump-
ing capacity in inches of vacuum
will be limited by the existing
barometric pressure.

1. equired Operating Pressure
This determines whether a
Kinney single-stage pump ora
compound pump is required.

The practical lower pressure limit 3. Pumpdown Time from the initial
for single-stage pumps is 150 torr. pressure to the final desired
Below this pressure, compound pressure.

pumps should be considered. 4. Volume of the System (o

When compound pumps are not be evacuated.

large enough, or the inlet pres-
sure is bevond the range of liquid
ring pumps. staging with boost-
ers. air ejectors, Or steam ejectors
should be considered.

5. Gas Load in terms of condensable
and permanent-type gases that
will evolve from the process and
leak into the vessel. Gas load
includes either that of deliberate

6. Vacuum Manifold and its effect
on reducing pump speed as
related to length. diameter. con-

figuration. entrance. and fittings.

7. Economic Priorities such as:
a. Utilization of existing '
equipment.
b. Process recovery (noncontami-
nation of air and water).
c. Allowable noise level.
d. First cost.
e. Operating cost as determined
by: ’
1) Pump selection.
2) Manpower (installation.
operation. and service).
3) Duty cvcle thours/day.
daysiweek. weeks/vear).
4) Cost of electricity and water
(sealing and’or cooling).

[ ‘!':i;.'
~ COMPOUND "=4f '™
u‘owolnmcpuup Z

v -

bl V'

The chart below illustrates the oper- nature or that existing as a result 5) Payback period.
ating pressure ranges for the most of the vessel not being vacuum
commonly used pumps and systems. tight.
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Tvpicai Pressure Ranues tor Various Vacuum Pumping Devices
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Early in the planning of a liquid
ring vacuum pump installation. the

_ design of the sealant system and its

“fect on the performance of the
mp should be considered. There
several elements of pump sizing
and selection, as well as system
design, that will be affected by the
choice of the sealant system.

Of the seven basic factors shown
on the facing page, which help to
determine the type and size of
pump required, several are affected
bv the selection of a sealant system.

« Operating pressure is affected by
sealant temperature, which in turn
is affected by flow rate. specific
heat. density, and viscosity.

» Gas load mav influence the selec-
tion of the sealant and the sealant
circulating svstem.

s Economic and other priorities mav
indicate a system where process
recovery can be accomplished for

urposes of water conservation
and/or pollution control.

» Qperating costs for cooling will
almost alwayvs have an influence on

qsign decisions.
W houeh there are variations. there

are three basic tvpes ot sealant svs-
ems from which to choose.

o Once through. no sealantrecovery
wwstem

Parual seafant recovery svstem

o Full sealant recovery svstem

g schematics and briet descrip-
nons ot each ot the three svstems
are shown on this page.

ORIGINAL PAGE IS
OF POOR QUALITY
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: <onnect pump discharge separator
P
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Iniet Elbow. Adapts vertical pump
inlet to horizontal for mounting
of inlet check valve. Also used to

.nk.

‘let Vacuum Gauge. Shows pump
inlet vacuum. Standard 3%-inch
dial gauge comes with shut-off valve,
has brass Bourdon tube, and reads
0-30 in. Hg vacuum. Gauge is nor-
mally mounted to pump suction
tapping. Stainless steel tube is avail-
able at additional cost. Precision
gauges are also available.

Iniet Vacuum Relief Valve. Con-
trols pump inlet and svstem vac-
uum. If pump capacity exceeds the
svstem requirements at the preset
vacuum, the valve will open and
admit ambient air or connected gas
source to the pump inlet. Vaive
selection depends on desired vac-
uum setting and pump size. Stan-
dard valve 1s sized for typical
vacuum setting range of 15 in. Hg
vacuum for single-stage pumps and
20 in. Hg vacuum or more for com-
pound pumps.

"mlet Check Valve. Automaticallv

lates pump from inlet system

en vacuum pump is shut down.
Permuts inlet system to stay at vac-
uum and protects svstem from back-
How of air and sealant. Standard
valve 1s of special low pressure dif-
ferenuaf desien with stainless steel
disc. elastomeric seat. and bronze
Hady, Models throuch KLRC-300
aave threaded connecuons. Moded
AlR-00and lareer have castiron
valve body with Hlanee connections.
[niet elbow oprion s required tor
~orizontal operation.

[niet Shut-Off Valve. Postvely 1so-
.ates pump from iniet svstem. Stan-
ara valves are tull passage castiron
~odyv with Hanges and Buna-N dia-
saraem for all pump modeis
‘nroucn KLRC-500, For KLR-2ho
sna larger. cast ron buttertty vaives
aath OQ-ring seals are used. The fat-
er mount between manng tlances.

—--1—-— - msm -a

Connector, Flexible, Type L.
Accommodates some motion and
misalignment between pump and
system. This type is relatively low
cost and is recommended for most
installations. It consists of flanged
ends with a short length of flexible
vacuum hose.

Connector, Flexible, Type II. Used
where considerable relative motion
exists between pump inlet and/or
discharge and system piping. Stan-
dard connector is steel flanged with
stainless steel bellows.

Connector. Self-Aligning. Corrects
for misalignment between pump
and svstem piping. This type will
support a normal amount of piping.
Some vibration isolation is also
achieved. Standard connector has
flanged ends with corrosion-resist-
ant plated steel and Buna-N gas-
kets. Connector is also available with
stainless steel sleeve and Viton gas-
kets at extra cost.

ORIGINAL PAGE IS
OF POOR QUALITY
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Mechanical Shaft Seals. Used in
place of standard gland packing to A
control sealant leakage and to pro-

tect shaft. Standard is chemical-type
(carbon. ceramic. teflon. and stain-

less steel). Alternate designs and
materials are available.

Sealant Supply Flow Control.
Establishes the sealant flow rate to
the vacuum pump sealing liquid
connection. The tvpe of control
used depends upon the type of seal-
ant system used. pump size. and
individual preference.

Discharge Separator Tank. Collects
the gas-liquid discharge from the
pump. separates liquid sealant from
gas. provides liquid storage for seal-
ant recovery svstems. and has fit-
tings for mounting of optional
sealant level sight and control
devices. etc. Additional air dis-
charge silencing is not required for
normal notse limits.

Standard tank is steel. Galvanized
and stainless steef tanks are available
at extra cost. Tanks are included in
standard sealant recovery svstems. ‘




. Application

Casting, Molding,
and Forming

Chﬁcking

Cooling and
Chilling

Deaeration and
Degasification

Dehydration
Deodorization
Disullation
Evacuation

Evisceration

Filling
Filtration

Freeze Drving

[mpregnation
Packaging and

Seaiing

Putfing

Viacuum Cooking

Fﬁxjxciioh of
Liquid Ring Pump

Evacuation of molds,
degasification of molten
materials

Vacuum pickup, handling,
positioning, and holding

Rapid evaporation of
moisture content

Removal of gases

Removal of condensable
vapors

Removal of offensive gases

Vacuum extraction of
fractions

Removal of vapors and gases

Removal of viscera

Removal of trapped air.
increased filling speed

Increase flow of filtrate by
reducing pressure on
discharge side of filter

Removal of moisture hv
sublimation under vacuum

Removal of vapors and gases

Evacuation ot film and blister
packages. hotties. cans and
jars

Increase voiume ot piastic
materiais by evolution ot
voiatties or expansion ot

trapped hubbies

Requcuon ot cooking or
boiing temperature by
lowering nressure 1n vessed

Examples of Use

Rubber, plastics, metals. wood products, veneers

Glass, sheet products. small parts, auto
windshields, aircraft surfaces, beverage cans,
sawmill operations

Fruits and vegetables

Water, rubber products, oils, plastics. molten
metals, beverages

Transformers, refrigeration systems. foods.
chemicals. electrical cables and conduits. grain,
textiles, ink and dves. rotary dryers

Chemicals, food products. effluent processing

Chemicals, petroleum. petrochemicals.
pharmaceuticals, food products

Environmental chambers. steam condensers, lasers.
leak test chambers. reactors. process vessels, central
vacuum systems '
Poultry, fish, shellfish

Cooling and hydraulic systems. food and beverage
containers, electrical transformers. liquid transfer

systems

Chemicals. food products. pharmaceuticals

Coffee. fruits and vegetables. pharmaceuticals.
food products

Cables. metal products. wood products
Meat. poultry. hardware. food products. canned

and bottled products

Plastics. rubber. food products

C o s
R E RINLTWE
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Food. candy. chemicais
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Specifications 57 . & . mxc mae mec s

@ CompoundLiquidRing - . Lo woe o M 25 40
Vacuum Pumps : Rotational Speed - o .. RPM__ 1730 1750 1750 .1

: ,60°F Scalmg Watcr Requxred

< ,W/Parnal Water Recovery e e
. 60°F Sealmg Wa[er Requxred 25 5 ‘.-:: o
- W/No Water Recovcry “95 189 -1
. Sealmg WaterConnecnon o % l,«z ‘
A»lnlct/Outlct Connecuons"""" ; BT T
L o Hexght lBare Sh»aft Pgmp | o 12061/12 -13225/13 2 jvg
“ g Inches {86 8lYis . 9% . ¢
5 : = - mm j 221 291 . 95 -2
| ’ t'Length Barc Shaft Pump e It::gles :3 251:/'186 %2;;‘ o 626% ‘26
’ ; . ’_ .' Welghl Bare Shaft Pump ' e Po;égds 3; ;2 gg b 16339 1.‘
.. veg Compipemo iy PG 1R
- -~ Drive TTeeTm o T o ‘ —_: ) Dlrcct Drlve T
- C . Standard Shaft Seal . T Stufﬁng Box ‘
' Standard Materials of Construction B T -
e mcn s e ant omees A ae e e e i oo+ rmee s e B e . e easma -« _
Performance Data Pressure 760 Vacuum 0 70 185 34 |
) . . mm Hg Abs. 632 Inches Hg 5 -3 19.0 34 |
Typical pumping capacity in actm of air
(50% R.H., water iniet temperature 60°F, 507 10 8.7 21.0 35 {
barometric pressure 14.696 psia) 380 15 97 99 0 35 {
954 20 10 240 36 N
126 25 12.0 26.0 35 '
100 26 12.0 25.8 34
ORIGINEL PAGE 5 74 27 1.7 24.0 3 ¢
OF POOR QUALITY 19 28 9.3 18.5 23 '
30 28.8 3.0 7.0 10
25 29 - —_ 5.3 p
Erake HO rsep Ower Peak BHP~-No Water Recovery 1.8 2.3 4 Z
‘ Peak BHP-Partial Water Recovery - —_ —
BHP 2 75 mm Hg Abs. ~Either System - - - :
Notes

*Standard motor 1s open.dripproot for standard
operating conditions. Smailer or larger motors mav
‘ be usea on some models witen chosen seaiant system

ana.or operating conditions permic.
**Cor cealed water recovery requirements on Moaels

KLRC-il througn KLRC-73. consult tactory.

eessfoaeis KLRC-11 & 23 have NPT connections. Al
otner models have tlange connections witn i30#
CSASI dnilings.
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L. LRC KLRC KLRC KLRC KLRC KLRC KLRC KLRC KLRC KLRC KLRC KLRC KLRC
100 25 200 300 525 526 775 776 950 951 _ 1500 1501 2100 2101
750 1750 1750 1750 1130 1500 1150 880 _1150 ‘ ’ :

T .10 - : Gy :
3.
127
6
23 | 265 . 379
3/4 = 3/4:_1,; --
1316 15'%6  181¥16 18'%16 236 j_-23l/16 :,:'29'/4 . 73976
105 . 405 478 478 © -586 . .586 743 .43 .- ;-1002 ~51002 21002 )
%6 11%s 15%e 15%s 1% 19% 23 T 234 2 301516 - 3015/;5 301316 30'346
194 204 _395 895 489 7489 501 - - 786 7786786 :786
e 311516 35% . 39 . 46 46  56%6 56%6 60 .60 - 82'/2‘ “gone 8676 8676
51 811 895 . 991 . 1168 1168 1437 1437 1537 1537 == 2096_.;2096 72196 2196

"5 245 342 399 613 613 1323 1323 1510 1510 ;. 3484 ‘-'3484=3,49 3749
98 11 155 71180 78 278 600 600 685 685 1580 1580 1700 1700

18 481 626 - 820 1315 1328 2287 2167 2778 2496 5636 5229 6168 5549
90 218 284 372 586 602 1037 v9834 1260 1132 2556 2372 2798 2517

L e , T e T T T

I Tt Stufﬁng Box wnth Lamcrn ng b_qz e “—_—_‘.’:-_ﬁ .-. ‘—_.

. Iron Pump Bronzc Impeiler, Sum!css Steel Shaft o - Ea --.--...., T
70 95 150 160 350 320 600 490 630 600 920 1125 1075 1170
0 95 162 180 380 340 630 510 670 630 1000 1125 1200 1200
3 98 174 210 20 360 675 545 730 650 1100 1130 1325 1240
7 103 185 245 460 380 730 600 800 700 1225 1180 1300 1330
35 114 200 280 510 420 800 650 890 770 1400 1300 1750 1460

00 130 205 300 560 430 830 670 990 810 1673 1400 2130 1540
00 130 200 290 340 420 825 660 1000 810 1700 1320 2200 1540
3

13 125 1290 280 20 380 800 650 985 790 1680 1320 2130 1500
) 113 170 240 450 325 700 560 900 675 1450 1140 1830 1220
n 30 120 160 273 170 380 300 630 365 870 I 1120 660
l 35 75 - - - —_ - - —_ - — — —_

3 0 14.5 27 53 37 78 48 100 65 147 102 200 123
3 :0 14 25 30 33 72 45 92 60 137 93 189 120
0 9.5 14 23.5 16 30 68 40 83 50 128 §9 129 94

@ orcna pac:
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Single-Stage Liquid Ring Vacuum Pumps

QOtational Speed

~i—en

o et

L - mm
F T Y

PR

RPM

Standard Motor* HP
60° F Sealing Water Required GPM

W/Partial Water Recovery  Litre/Min.
60°F Sealing Water Required GPM
W/No Water Recovery Litre/Min.
Sealing Water Connection NPT
Inlet/Outlet Connections***  Inches
. Inches
Height, Bare Shaft Pump mm
Width, Bare Shaft Pump Inches
mm
Inches
Length, Bare.'Shaf.'t ?ump mm
Weight, Bare Shaft Pump P°;;;ds‘
- . Pounds
Weight, Compi. Pump Ass'y Kg
Drive
Standard Shaft Seal

a.Slandard Materials of Construction

Performance Data
Typical pumping capacity in actm of air (50°% R.H., water inlet temperature 60°F, barometric pressure 14.636 psia)
Pressure 760 Vacuum 0 33 68 130 230 360 650 490 1030
mm Hg Abs. oo InchesHg . 55 51 130 250 360 650 490 1030
307 10 36 73 130 250 360 630 490 1030
380 13 36 74 130 250 360 650 490 1030
234 20 34 71 124 245 360 620 460 1000
126 23 23 52 80 173 250 410 300 700
[l
Erake Horsepower
ey b _N g O T
P-uk BHP~-No Water Recovers 30 5.0 10 16 96 . 32 30 -3
126 mm Hy Abs.
BHP Operating «t 220 mm Hg Abs. 30 41 9 15 24 30 23 - 73
BHP Operaung «t 500 mm Hy Abs. 25 3.7 7 13 19 45 25 2
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Stanaard mator s apen. det proos tor stanaard operaang conditons 1o 25 i, He Vacawm of 26 mm
[e Abya, Snuiler or fareer totors may e ased on some muodels wien chosen seafant svstem und. or
aperatng conditions permat,
CE b Or sedied Waler recovery requirements on Modets RGR-4 and KLER-S3, consuit tactory,

cemb ) nee canne s werhy 130& ESAST dintings.
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45 85 130 250 360 "_700 701
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3 5 10 .15 .25 50 30
o a3 W5 006 11T 7
1.5 19 23 418 26.3
4 5 7 10 15 .22 2
152 19.0 26.5 38 57 836 76
Yo Y Y 1 I 1% 1%
14 1v2 2 2% 2% 4 4
12%4  12% 17% 20%s 20%e 241%6 24!%s
321 321 450 519 519 630 630
9% 9% 12%s 16%s 16%6 208 20
251 251 312 414 414 511 511
221% 24Ye 27% 38% 38% 42% 42w
572 611 701 981 981 1086 ‘ 1086
97 106 198 375 463 706 706
44 48 90 170 210 320 320
192 224 434 746 882 1441 1309
87 102 197 338 400 654 594
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-1700
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V-Beit Drive

Stuffing Box with Lantern Ring
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2
8
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500
2300
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33%e
840

88%1s
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2300
2300
2300
225()
2000
1070
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Compound Liquid Ring
Vacuum Pumps
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Single Stage Liquid Ring

Vacuum Pumps

Models KLR-130 and KLR-250
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PUMPING CAPACITY (SPEED) IN CUBIC METERS PEA HOUR
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1007 110
" ; T - : = 1 . " " - —=$10
| L1} IR - | LN R
KLA8S T ; a | | . I
E I ' l I ‘ | I 2 1750 RPM ! | I “l | l § u:. 250 —. - 428
g % " ] <: =T g Q ) y iy
z I l I 1 ' 1 ‘ [ g z I 7 @17501-""“\/ ——
5 [ - | i g g o ! i SRILRRE N
& g ! : : 3 W ! R / . :
o 60t - 2 z I
4 ! [ b s 2 i 4
= — . a £ 150 — — -
P L : _ R AR —;
a  40r 2 -
8 P! A = g 100 + ‘ 'll' / St -
Q § Q . T, !
z i P 4 N T z | ‘ F a1
e i ‘ L 2 1750 APM ! i 2 g f : T 3 1750 APM 7
3 0~ —3 Q9 L I
& 0 ; Co o/ " Q g %o 7 -85
' o - z i ‘ I7 |
| Pl 7 Pl 3 ' ! o
ol - i BRI 0 . T
10 30 07030 200 400 6005001000 10 ] % 70 0 20 400 600 3001000
20 « 60 80 100 k- 500 700 %00 20 “ 6 % 00 X0 500 700 900
PRESSURE IN TORR (mm g Absotutes PRESSURE iIN TORR (mm rg ABsSo uty
1 | [ [ |
‘I 2‘! 2'7 z'e ) P P ' xlo § 2 B 7 w3 an 810 0
VACUUM IN INCHES Hg et VACLUM IN INCHES Mg Fe
Models KLR-360, KLR-700, and KLR-701 € Models KLR-1050 and KLR-1051
3
1000 ¢ 1700 2 1200 ¢ 2040
.t w '
Y
2 I ' )
3 ; 1000 | 1700
= 800: <LA-720 w &
g boo PRI " Q | A0 .
Z . It} z £ 1150 RPw,
o — i - -
x 500 - - «LA.7OV 020 3 & ~KLR-108) =
Z 7 21300 RPM 3 - 200 RPM:
o — - : —_ g = o ~——1020
3 — g g
% 00 - —_— 0 2 @ /
< -
9 p— = g 0o 580
2 ! q z /
: / XLR360 < $ 1/
< 00 N —40 O =1 i
: Z o = 1/ Z
. Y f ]
3 H .
] 0 <
10 e 9 T2 3 : A - 0 30 ) 0w Pz 00 Q0 300 1000
0 ’ 40 2 so?oo i x0 el smsao_wag;m 20 4« 4 0w g 00 "0 00
PRESSURE IN TORA r=m =2 ADQHIE! SOESSURE 1N TCRM femem ot 4232 g1
: i '
i ) 9 PC I B T 2 s 3 3

i R
9 i3 7 8 Pt a1 - Pl

ACUUM IN INCHES =5 3w JACUUM IN INCHES s 2o

Modets KLR-2000. KLR-2600. and KLR-2601

3000

20

ORIGINAL PAGE IS
OF POOR QUALITY

T

"-l AEALIEY G HIINALLM
s .
1
+

B i 2 -l 3 - .
PR S Y x
DECT i IN [FNR == e an10igies

%)

L3 . . 3 ..

e oM N b E =t e

S



-y s =T

Compound Liquid Ring
Vacuum Pumps

¢ S ORIGINAL PAGE IS.
OF POOR QUALITY

Modeln KLRC—11 & 25

.1 . i
i
\odols KLRC =40 & 75 —w— K
A Standard Motor
B D F H K L R S w HP Frame
KLRU it Inches T 3 ) Bilhe 124 344 36 [y* u 19+ 9 145
mmn 183 133 132 170 324 870 933 32 i
KLRC -9 Inches T hT S B 1200 340 377N s 12 2 182
mm 183 b4 210 170 324 370 962 141
LR W Inches 7. e, N b [t REL 42 ]l R 10 3 184
mm [&0) 243 200 203 359 873 1072 2325
Q XLRUC 3 [nches T 1T PYP 3 141 36 431, {1 s 0 3 184
. mim 130 RAE) 21 203 359 914 HI13 : 234

CUPT hana Al others are ANSH Hange.
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Models KLRC—100, 125, 300, 525 — — ]
P=LamemRing Cooling _,
. K ]
Standard
Motor
A B Cc D E F H K L P R S w HP Frame
KLRC-100 Inches 8% 10% 6%e 9% 17% 10% 19% 50 5 % 1% % 15 7wn 215
mm 206 270 160 232 438 264 505 1270 1270 381
KLRC-125 Inches 8% 13 6% 9% 17V 10% 19% 50 54 Vi 1% v 15 10 25
mm 206 330 160 232 438 264 505 1270 1370 381
KLRC-200 Inches 9% 13 9% 1l 20 1% 2% 58 58 % 2 v 19 15 954
mm 248 330 230 279 508 298 578 1473 1473 483
KLRC-300 Inches 9%  16%s Qv 12 20 1% 22% 58 65 % 2 % 19 25 284
mm 248 418 230 305 508 298 578 1473 1651 L 438
KLRC-525 Inches 10 22 11 % 15 23 14%16 274 68'a 752 a 3 Ve 19V, 50 326
mm 254 559 289 381 584 364 699 1740 1918 489

- ey ) ‘Eﬁ'——‘-" —
Models KLRC~526. 773, 776, 950, 951. e
1500, 1501, 2100, 2101 - , : ,
K J Standard
Motor
A B c E F G H ] K L 1 4 R S w HP Frame
KLRC-326 Inches 10 22 1%  20u: I3t 934 26% 39 4lv 467% ¥ 3 1 44 40 324
mm 234 559 289 572 332 244 683 1003 10438 1191 118
KLRC-775 Inches 12%s 27%  I4¥s  277%  16%% 1% 33% 51%a 33%s 37 A 4 v 37 60 364
mm 310 694 370 597 422 295 845 131 1365 1436 1461
KLRC-776 Inches 2% 27%s 4% 177 167 ¥ 33, 51%s 33V 377 1 e 32%s 50 326
- mm 310 694 370 n97 422 203 843 1311 1365 1436 1326
KLRC-950 Inches 12V 3114 14%w 2770  16% [ 33v 31%% 33% 6l 2 3 vy Bled 1000 404
mm 310 794 370 89T 22 205 843 1311 1365 1336 1556
KLRC-951 Inches 19V  31's 14 2774 165% 1% 330 30w 33% 1t o« & . 39 50 364
mm 310 704 370 na7 422 295 345 1311 1363 1336 1521
UTRC-1500 Inches 1847, 387w  [Q4an 177 2270 134 437 39V 794 B3 n 2Tt 1500 444
“ mm 473 970 500 33 583 394 L34 151y 2019 23 1800
KLRC-1501 luches 8%, 38" 100, 477 2200 130 457 39 T 3ty B} 269 o 404
mm 473 Y7o 300 433 383 S04 154 1319 2010 25 1772 J
KLRC-2100 Inches 1804  420s 190 37°. 22 135, 457w 39v0 700 N 4o s T0TR 200 445
mm 475 1080 300 933 383 394 15t 1519 2010 2213 1300
KLRC-2101 Inches 184  420: 1905 277 220 [3h 453%, 30v 96 87T W n o9t (25 403
mm 473 1080 308 233 583 394 134 151% 2019 2215 1772
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Models KLRC-100, 125, 300, 525

, P =Llantem Ring Cooling
f K .
Standard
Motor
A B C D E F H K L P R S w HP  Frame
KLRC-100 Inches 8vs 10% 6% 9V 17% 10va 197 50 50 % 1% £ 15 7% 215
mm 206 270 160 232 438 264 505 1270 1270 381
KLRC-125 Inches 8% 13 6% 9% 17% 10% 19% 50 54 Y 1% v 15 10 215
mm 206 330 160 232 438 264 505 1270 1370 381
KLRC-200 Inches 9¥%, 13 916 11 20 1% 22, 58 58 Ya 2 ¥, 19 15 254
mm 248 330 230 279 508 298 578 1473 1473 483
KLRC-300 Inches 9% 167is  9%e 12 20 1% 22, 58 65 Y 2 Y, 19 25 284
mm 248 418 230 305 508 298 578 1473 1651 - 438
KLRC-525 Inches 10 22 1% 15 25 14Yw 27% 68%: 5% Y2 8 Iv 19y, 50 326
mm 254 559 289 38l 584 364 699 1740 1918 489
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Models KLRC-~526. 773, 776.950. 951. ‘ .
1500, 1501, 2100, 2101 , ;
‘ K J Standard

Motor
A B Cc E F G H ] K L P R S w HP Frame
KLRC-326 Inches 10 22 1% 22 13t 93/ 267 394 414 167 1 3 iy 44 24) 3924
mm 234 559 289 572 332 244 n83 1003 1043 1191 1118
KRLRC.-775  Inches 12%% 27%s 14 277% 1674 1134 33 5134 33% 3Te 4 e 3TV 60 364
mm 310 694 370 397 422 205 8345 1311 1365 1436 1461
RLRC-77 Inches 12V 27%6 4% 2770, 1634 114 33 51% 33% 37w A 4 e 32%e 30 326
mm 310 94 370 na7 122 295 3453 1311 1363 1436 1396
KLRC-350 Incnes 12%:  31U% 490 2777, 163+ [1°4 33 317 33 Nl s B Sy 1000 404
mm 310 794 270 a7 442 205 345 1311 1365 1336 1336
KLRC-351 Inches 12%. 31", e 2T oA i 330, 310 333 Sl T 3 CooTany "y 364
mm 310 704 it ny7 422 205 Nd5 1311 1365 1336 o
ULBLEE1500 Inches U844 38 Q0 7T 22ten 36, 437, 39 704 S LT n : ThTL 3G 444
mm 475 979 200 153 383 LR 154 1518 2010 215 (sOU
KLRC-i501 lncnes 189 2187 10w, T 22 15, 457, U 0t <3t “ _ B 404}
mm 1735 a7 290 433 383 S04 1154 1319 2019 O] T2
KLRC.2100 Incnes 184, 24 P, AT Qv 5 570, 39 79, AR “ P B 200 t43
mm 470 1080 U 433 383 104 134 1518 2019 2215 =0y
KLRC.2101 Incnes [84en 420 jou, 170 220, 58 137 59, PRARER LV ARETE " I A )3
mm 473 1080 200 433 383 SU4 ot 1318 2019 Nz T2
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ORIGINAL PaCE 5

INTRODUCTION:
OF POOR QUALITY

THE 12 FOOT WIND TUNNEL AT NASA AMES IS GOING TQ BE
RECONSTRUCTED TO HANDLE A PRESSURE OF 7 ATMOSPHERES ABSOLUTE

PRESSURE. THE NEW COMSTRUCTION WILL MAKE THE TUNNEL CAPAELE QOF

n

EEING PRESSURIZED UP TO 7 ATMOSPHERES AND TAKEM DOWN CLOSE TO 0.1

T

ATMOSPHERES. IN ADDITION IT WILL EE AEBLE TO REPLACE EXISTING AIR

IN THE TUNNEL WITH A REFRIGERANT OF SOME SORT. USING A
REFRIGERANT WILL INCREASE DENSITY AND PROVIDE GREATER REYNOLD'S
.NUMEER THUS SIMULATING NEARLY EXAZT CONDIfIDNE.DF HIGH ALTITUDEZE
DURIMG TESTING OPERATIONS. THE NEW DESIGN WILL ALSQ EE CAPAELE
OF RECOVERING AMC STEORING THE REFRIGERANT WITH ONLY A MINIMAL

AMCUNT OF DISCHARGE INTC THE ATMOEFRHERE.
DESIGN ALTERNATIVES:
VAR IOUS METHODS ARE UNDER CONZIDERATION FTR THE CZVZLIPMEMT

CF TIHE SY3STEM FOR THE 12 FOOT WIND TUMMEL. THE CCOMRILZTE =YSTEHM

SIQULD CoNTAIN & MITUTD OF REMCVING THE REFRIGERANT FRCM THE

ey e g tem e [yrmrmm T AImD A ngT [ma s TRITE T =R RC s ——
TpiTi, PUTTING THE REFRIGERANT BATK IHNTL Tz TIUMMET. IS T
g TSt (IR R U )
iz ~C0T CTHEZIZENELD Arme = SoLLCWING
M ey e A ey paim mpmrmem = s e P
. ST IS ANE ZTORINE = SR R A
- et ietim i e~ i e memmm Ty v T e e -
- | ZASRASE R NG PREREFTE A S CEIRE _ I i
a e n - mpm e o i ——
F)‘f R e P E R AN e _ B S

Smeeriin TTERIOTRANT IV OFLOWING TR UATOR

THATYGS =70 w0 =is i ™ MATER AL



4. LIGUEFYING REFRIGERANT IN THE TUNNEL USING COOLING

CCoILS, THEN DRAINING FROM THE TUNMEL FLOGR.

THIZ REPCRT WILL DEVELOP ANMD ANALYZE METHCD NUMEER TWO (EEE
FIGURE 3). AMOTHER ALTERNATIVE TO BE CONSIDERED IS WHAT
REFRIGERANT TO USé IN THE 12 FOOT WIND TUNNEL. CONSIDERING THé
CONMTROVERSY SURRCUMDIMG THE USE OF FLOUROCARECONE AND THE PDSSIELE
FREEZE IN PRODUCTION OF MANY COMMCON REFRIGERANTS BY THE YEA
;989, FREON 2= WAS CHOSEN AS A SUITAELE REFRIGERANT FOR METHOD
NUMEER TWO. CHLORODIFLOUROMETHANE, OR FREON 2Z, IS NOT FRESENTLY
CONSIDERED TOXIC TO THE UPPER ATMCGPHERE AND THERE ARE NC
EXISTING PLANS TOQ LIMIT ITS PRCOUCTION. FREON 22 MAY ALEC EE
HANMOLED AND SHIPPED AS EASILY AS FREOM 12. CONSIDERIMG THE
PREDICTED GLOEAL FREEZE ON COMMON REFRIGERANTS, FREON 2Z SZEMS
THE MOST ECONOMICALLY AMD ENVIROMMEMTALLY 30UMC CHOICE CF
AVAILAELT REFRIGERANTS. FREON 22 HAS A THRESHOLD LIMIT vALUE

(TLY-TWA) 3F 1000 PART3 PER MILLIOMN, A VERY LOW TOXITITY RATING

o7 Sa, AND I3 CINSIRERED NONFLAMMAELE ANC NON-EXPLAZSIVE aT
ORTIMARY TEMRPERATLUREZ.
ORIGINAL PAGE IS
OF POOR QUALITY
coRvmEnT e DETIZN
S memeamena o ST T TmUTHD THIT REIGVERY TVETEM Iz T
- TADT T T oNITIERITER AN LRCR TR DA EEC R
B e ey e T T THE MAIN TUL0 20 7T LiCuUp

T eamE s T gin. LI INTT A LIGUID TTSID TR UNAT.



"VAPORIZED FOR REUSE. AS THE PRESSURE IS DECREASED IN THE TUNNEL,
AIR IS INTRODUCED INTO THE TUNNEL AS A CARRIER FOR THE'RESIDQAL
REFRIGERANT. THE AIR AND REFRIGERANT MIXTURE IS PUMPED FROM THE
TUNNEL THROUGH THE REFRIGERATION SYSTEM aAND IMTC A LIGUID
NITROGEN SEPARATOR. THIS SEPARATOR WILL LIQUEFY THE REMAINING
REFRIGERANT AND PASS THE AIR TO THE ATMOSPHERE.  THIS LIGUZ 
REFRIGERANT WILL THEN ALSO BE PUMPED INTO THE MAIN STORAGE TANK.
TO PRESSURIZIE THE TUNMEL AGAIN WITH REFRIGERANT FROM TQE
LIQUID STORAGE TANK A REVERSE PROCESS IS USED. THE LIQUID
REFRIGERANT IS PUMPED FROM THE STORAGE TAMK INTO A HEAT EXCHANGER
i TO CETAINM VAPGR FﬁRM FOR THE TUNNEL. THE HEAT EXCHANGER USE
WATER AT AMEIENMT CONCITIONS TGO VAPCRIZE THE LIQUID REFRIGERANT.

AS A SECONDARY VAPORIZATION UNIT A STEAM JACKET IS USED TC

l:)

LICGUEFY ANY REFRIGERANT NOT VAPORIZED EY THE HEAT EXCHANZIE., A
PUMP IS USED IN THE LIQUID STATE TO PUMP THE TUNNEL UP TS
REJUIRED CCNDITIONS AND IF NECESSARY A& COMPRESEOR WILL 2= 2TDEC

IMN THE YAPOR STATE EEFORE ENMTERIMG THE TUNNEL.

Q)
(.
|
(0))
<
V)]
-{
0]
-

RECOVIERY CPERAT ION!

- Pt Xl T e, Po NI e B ol Vi Sl I W dngionl e} iy —e Abi™ TN e - -
e TOM DT TS ZSNTRACTED INM VAPLER TOMoAND _UTTRUETIZI OUZING

\ e rgmrmem e s e AR TR TiTE MRESTTS TUE TLMMEL TT SUiense
A NETERCRER AT O INI DURIME THIZ PROTEZZET THE TLMWNZL T RLUIT
e A o e - s TmLemaen ) P rm e IR T R T Y ey Rt = B Y Pbod el b Rt o T L S
OO T T DT ATHCSRRETEIIS wnn TRE LUIQUID IE T NEFTRRZEE Z
P N e e R A = - v T Ly ey s e TR T T anIReT v v J -
STTUAGE TN, NIT s ThHe THTROCDINTET TN 2 TN T
S - N A I e It s B T m—— = 4 ey - -
ey l - i - - e - = 4 o = at -
a—— s ermm o mea e e o B e rmem—ey .
B RIS e O R IS N b SRR IEE ik L. [ 2 ~ .

THE ADDED A7 wiIT "D ALS0 RINNTID TC THE STORAGE TAM.  THE
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EXACT PROCEDURE 6F THE RECOVERYC BHIERR i1

FIGURE 2:

ORIGINAL pp

GE s

M IB’ THE FOLLOWING USING

1. THE REFRIGERATION UNIT IS ACTIVATED AND VALVES 1

AND 2 ARE OPENED.

ro

"EXCHANGER 2.

VALVE & IS OPENED AS LIQUID IS DETECTED IN HEAT

3. VALVE 11 IS OPENED ONCE THE LIQUID HAS REACHED A

SEMS0OR IN THE SEPARATOR TANK.

PUMP 1 WILL EE ACTIVATED ANC FREON 22 WILL FLCW

THROUGH HEAT EXCHANGCER 1t INTO STORAGE TANK.

5.  WHEM TUNNEL PRESSURE EGUALS 1 ATMOSPHERE,

VaLe

2 WILL EE CLOZED AND VALLVES 3 AMD 4 OPENED.

5., CTMPRESESR

S ATMCEPHERE,

Pl

[ R L acaltie T Rt AR grs A
S LD A AL =D

ALR

-
(s

4 - a -
'

THEN

e T -_—

. A —"

e

1
(13

1J

——— a4 e - — .y -
- Co e

INTRCCUCED

I e Y
. -

[
~1

)

WILL BE ACTIVATID UNTIL PRESSURE Z3UALS
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CRIGINAL PAGE IS
ESCAPE. OF POOR QUALITY

10, VALVE 19 IS OPEMED AS LIQUID FREON REACHES SENECR

IN SECONDARY SEPARATOR.

11. THE LIGUID IS THEN PUMPED TC THE STORAGz TANK

THROUGH PUMP 1.

12. STEPS &, 7, AND 11 ARE REPEATED FOR UNTIL THE

TUNNEL I3 EMPTY OF FREOMN 22.

13. ALL THE FREON WILL BE STORED IN THE MAIN STORAGE

TAMK ANMD AlLL VALVES ARE CLOSED.

PRESSURIZATION CPERATICN OF SYSTCM:
THE TUNNEL IS FILLED WITH THE STORED FRESN 22 USINE &

in

-
.

s

2T PROCESS OF THE RECCYVERY OPERATION. THE LIQUID FREON 22

e 1A -~ = [T Y e T ol ) = 1= ~ y—— N -y oy V— -
rT YAPORTTIED TN OAEAT SEMCIHAMCER 3 AND THERX LET INTD THE TNzl I
Vv amry s T T e o, im —e =
SAMPCR FOEM, T PRETTUNE TN THE TUNMNEL IZ PUMPED UF TC
gt e 4 v T S emra e g = mer amem e A= v
ATMOSRERET T InT y LINUTS 3P TT OENATT PROCICIIEZ T
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THE TUNNEL IS QEERoommﬂm ”@wN CLOSE TO VACUUM.

VALVES 1, 3, AND S5 IS CLOSED AND VALVES |9, 22, AND

21 IS OPENED.

PUMP 3 IS ACTIVATED AS VALVES 14, 15, 17, AND'is
ARE OPENED LETTING THE FREON 22 QUT OF THE STORAGE

TANK.

PUMP 2 IS ACTIVATED TO KEEP A MINIMUM FLOW RATE IN

LINE AMD THE FREON 22 PASSE3S THROUGH HEAT EXCHANGER

3.

THE LIGQUID FREDON 22 IS VAPORIZED IN THE HEAT

EXCHANGER 3.

THE STE&M JACKET WILL ONLY EBE ATTIVATED IF
COMDEMNSATION I3 SENSED AT VALVE 17.
TRE PROCISS COMTIMUCUS UHTIL & PRESSURE CF T

LTHMACPHERSS TS STACHED I THE TIIHIZL.

(O]
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DISCUSSION:
N OF POOR QUALITY

THE SYSTEM WILL RECOVER AND STORE FREON-Z22 FROM THE TUNNEL
AS WELL AS FILLING THE TUNNEL WITH THE STORED FREON-22 UP TO
SEVEN ATMOSPHERES. IN THE DESIGN IT TAKES 12 HOURS TO PUMP
FREON-Z2 FROM SEVEN ATMOSPHERES DGOWN TO 0.25 ATMOSPHERES AND-
ANOTHER TWELVE HOURS TO EXTRACT THE REMAINING FREON-22 FRGM '
TUNNEL. TWELVE HOURS IS USED TO MINIMIZE THE SIZE OF THE
REFRIGERATION UNIT USE TO INITIALLY LIQUEFY THE FREON-22. THE
REFRIGERATION SHOULD BE CAPAELE OF HANDLING CAPACITY UP TO
.08 MW (1400 TONZ) WHICH IS AVAILAELE FROM CARRIER.

IN THE DESIGN THE WCORST POSSIELE CASE WERE USED TG
CALCULATE THE VARIQUS STATES. THESE VARIOUS STATES CAN BE
IMPROVED IF A GOOD CONTROL SYSTEM IS USED. THE CAPACITY CF THE
REEFRIGERATICN UNIT CAN EE VARIED AS THE PRESSURE IM THZ TUMMEL
CHANGES. THE SAME COULS G0 FOR PRESSURIZING THE SYSTEM USING A
CONTROL SYSTEM TO VARY FLOW RATE CF WATER AS THE PRESZURE OF

FREON-22 CHANGES

THE SECCHTARY SEP4RATOR USES LIGUID NITRGEEN TO LIGUEFY THE
REMATMING SRECM-22 1M THI TUNMEL. APPROXIMATELY 20000 POUMCE oF
LrouTo NMITASED: IS USED FUR EACH RECOVERY TYCLI.  THE CTFT IR
CImuIo TTROTN 02 EETIMATIC TOOEE S1004gen THUS, THE TITWL 1TET
FrR TaCH IECOVERY CYCLI 10 PPROMIMATELY 31000

SETTRS AMD PREITLAT ITLISF VALVET IHOLILD ¥ PLACED Toe
Sercmmome o TaTT TURTUESSOINT | TT LT TTMRUmRaTUSE Tn0T SEiT
SmeeTnTY STORET TuLEITIUTI O TUHDOTTEAN JalIT TNl TIOMTUU T
ST SRRy LT : 37 eTAT TTOCLRCREIIZD TRE TTIINAIT O
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RECOVERY OF POOR QUALITY

TOTAL RECOVERY TIME OF 24 HRS

REFRIGERATIOM UNIT (R-22)

PEC RPN e R o, Ul oD L - —-—

(SINGLE FLUID, TWO STAGE VAPOR COMPRESSION)
EVAPORATCR -40 F
CAPACITY .08 MW
(1400 TONS)
MASS FLOWRATE 3300 LE/MIN
(LOWER STAGE)
CONDENSER 70 F
MASS FLOWRATE | 811 LE/MIN
(UPPER STAGE) ;
TOTAL POWER ! 1.27 MW
(COP = 4.0) |
SECONDARY SEPARATOR (CRYCGENICS)
LIQUID NITROGEMN
PRESSURE 3 ATM
TEMPERATURE 83 K
| MHE3 FLOWRATE 120 LE/MIN
(INITIALLY)
~ MASS FLOWRATE 13.8 LZ/MIN
l(AN HOUR LATER
TOTAL MASS 20000 LE
BRI TIING
(TOTAL TIME OF 12 HSURS)
TETAL MEAT REQLUIRED 7O WARNEIIET 4.3
MLTT TLOWRATE T°F R-27 TEOD LT M
MAST TI_QWRATI OF WA TR 1RT00 LT
SETIIIATED ZMMICTION IF A-ZE £.837 LT
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" R-11, R-12 affected -
- Global freeze on certain CFC’s
in 1989 and 50% cut in 1998

|
]

i

MONTREAL, Canada — In a
historic move intended to “‘send a
strong signal to industry,”

representatives of 49 nations
. Sept. 16 signed the final act of a

Protocol on Substances That De-
plete the Ozone Layer that will
freeze, then reduce by 50%, the
global consumption of five fully
halogenated chlorofluorocarbon
(CFC) compounds.

Consumption of three bromine
compounds used in fighting fires
{ aiso will be frozen at 1986 produc-

tion levels.

i Of those who signed the final
act. 24 nations — including the
:US., the European Economic

:Community (EEC), and Japan —

also signed the protocol. Other
‘nations indicated they will sign
}later. If ratified by their govern-
;. ments, those who already have
"signed are more than enough to
| satisfy the minimum of 11 na.
tions and two-thirds of world con-
sumption required to ratify the

ty.

‘eralded by many nations as a
strong and workable document
with etfective enforcement provi-
sions, it marks the first time the
worid community has acted joint-
ly to control a potential en-
vironmental hazard with specific

by Gordon Duffy

* Consumption of R-11, R-12,
R-113, R-114, and R-115 will be
frozen at 1986 consumption
levels starting July 1, 1989. The
ozone-depleting potential of R-11,
R-12, and R-114 is listed as one.
The potential for R-113 is 0.8 and
for R-115 (used in R-502) it’s 0.6.

o Effective July 1, 1993, con-
sumption of the above CFC com-
pounds will be reduced to 80% of
1986 consumption levels.

¢ Effective July 1, 1998, con-
sumption of the same compounds
will be reduced to 50% of 1986
consumption levels. This figure
can be revised by a two-thirds
majority present who represent
at least two-thirds of their total
consumption.

¢ Production of three bromine
compounds — Halon 1211, Halon
1301, and Halon 2402 — will be
frozen at 1986 production levels
starting Feb. 1, 1992. No cuts are
planned. The ozone depleting
potential for Halon 1211 is 3; it’s

U.S. WAS AMONG the 24 nations that
signed the Protocol on Substances
That Deplete the Ozone Layer. Here
U.S. chief delegate Lee M. Thomas,
Environmentat Protection Agency ad-
ministrator, makes it official. Congress
still must ratify the treaty. ’

10 for Halon 1301, and has not
been determined for Halon 2402.

® An exemption from the con.
trol measures for up to 10 years is
available to developing countries
provided their level of consump-
tion does not exceed 0.3 kilo-
grams (0.66 1b) per capita.

e The protocol details how
plants under construction are to

(Page 31, Please)

C

remedies. It is scheduled to e
become effective Jan. 1, 1989. ——v

The protocol provides: - .
‘Continued from Page 1) perts to assess scientific

be treated. Regional economic
organizations such as the EEC
are rcermitted provided each
mempoer state is signatory to the
treatv. [t discourages providing
techroiogy to nations not party to
the agreement. Any exports to
them atter Jan. I, 1993, wiil not
be crecited in the caiculation of
consuction levels (production
plus imzorts minus exports).

s O:ner control measures will

particicants to be established by
1890. This group aiso can raise or
loweraggntrol leveis and add or
r ontroiled chemicais. It
~1t] develop procedures for
ilinz with noncompliance
4MORZ Toth signatories and those
that co not sign.
* Stzruing in 1990, and every
‘our :ears therearter, the con-
‘erence wiil convene panels of ex-

knowiedge and the impact of con-
troi measures.

How the cuts in CFC produc-
tion will be accomplished has
been left to the individual na-
tions who sign the treaty. In the
U.S.. EPA is under a court order
to issue a proposed rule by Dec. 1,
Although it's unlikely to be less
stringent than the global accord,
it couid be more stringent and it
couid inciude other refrigerants.

Tre treatvy does not mention

-22. which is not fully halogen-
ated. [t mostly breaks down in
the iower atmosphere and is seen
by many — inciuding some EPA
officiais — as a solution to0 the
ozone depietion problem rather
than a contributor.

Efforts are being made to
organize an international consor-
tium of CFC producers by the end
of 1987 to expedite toxicity

testing of possible alternatives to

the designated CFC’s. Supposedly
these would include R-123 for
R-11 and R-134a for R-12.

In the background is a major
race among CFC producers to
come up with alternatives for the
designated fully halogenated
compounds and, just as impor-
tantly, to f{ind the lowest cost
methods of producing them.

In all, 62 nations were repre-
sented at last week's diplomatic
conterence where the finai docu-
ment was negotiated (see related
story).

The British chief delegate.
Fiona McConnell, said the pro-
tocol shouid provide a clear
signal to industry that the davs of
fully halogenated CFC’s are
numbered. Several nations, in-
cliding Sweden, France, and
Japan, reported they are weil
ahead of the cutbacks scheduled

in the accord. Japan reported it
concentrating on the deveic
ment of alternatives and recy:
ing technology.
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| APPENDIX

A SEPARATION PROCESS

= : REFRIGERATION UNIT
C : PREZSURIZING PROCESS
o TMISSICN OF FIEON-2Z
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APPENDIX A

TOTAL VOLUME OF TUNNEL : 1000000 FT3

ASSUME  R-22 IN TUNNEL AT 70°F AND 7 ATH

THE SPECIFIC VOLUME : 0.3623S FTi/Le

TATAL MASS OF R-22 = VOLUME / SPECIFIC VOLUME

1000000 FT?/ 0.56235 FT°/ LE

= 1.773 ¢ 10° b
THE TOTAL TIME OF RECOQVERY PROCESS IS 24 HOURS
TIME FOR DECREASING THE PRESSURE INSIDE TUNMMEL DROP FROM 7 ATM TO

0.25 ATM EQUALS TO 12 HOURE.

. n 1.778 (10 ) b
Muge = ——— =  —emmmem—me—————— = 2470 1b/min
t 12 hr € &0 min/hr)
[- -

EVAPORATCR IS AT T = -40°F
MAXIMUM LATENT HEAT AT T = -40°%, 1 ATM
5 = 10C Btu /1b

THIZRGY REZSUIRED

M -
_ . —_ 74 An e ’ ~p— . .
Q=g m = (120 Btus/16){2aT0 1b/min’
-, L A o~ e
= ZLATEC TRy mg L. 22 M
- mme e em e e e N — - = e —emtaoe e e s e -lr_-:: -= —rmey
T ToEmmTTIENC - S OLATENT mHEAT I SpEE=s Tz ZTEN
e
3 = iy
- _ ~ vm ey
» = e S
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TORAGE TANK

ORIGINAL PA
GE IS
OF POOR QuaLiTy

FOR THE MAIN STORAGE TANK

TOTAL VOLUME GF R-22 IN
FROM FREON TAELE
THE SPECIFIC VCLUME = O

VOLUME OF TAMNK REGUIRED

IN ADDITION, ALLOWAELE

VOLUME OF TANK = 30,000

TANK SIZE FOR CYLIMORICAL

SIDE TUNNEL IN LIGUID PHASE AT 7 ATM

.013251 FT3/LE
= (MASS) (SPECIFIC VOLUME)

1.778(106)LB(O.013251 FT?/Le)

]

= P3563.6& FT?

SPACE FOR EXTRA R-22 AND VAPOR

FT?

SHAPE : HEIGHT = 40 FT

DIAMETER = 20 FT

FOR SPHERICAL SHAPZ : OIAMETER = 28 FT
PRIM&ARY GEPARATIR
s ~es - A ~ - 4 4 “«m "'2 o
AT P = 0,28 A™ aANC T = 70 F = 18,712 FT /LB
- 0 .- -y o= 3 -
AT P = 7T ATM AMD T - 70°F vy = D.SEITT FT/LE
PURCINT  R=22 LIFT INZIDE TUMNEL AFTER FIRET PHASE
, ~ T e :'.3 71
e w23l - P R ‘H"m - -‘—‘7
— o — " — o o — i = o — AT KO R ’; . fo

o T/
o ’9.7,: {'{ / /b
TUNIIOv oD TR OTIICUERSD IINTLuLCus DT RSINARY ERLSTIR
-~ C7 e S A c = e - - . - e -~ A
- Ly ! w =i -2 - [ . —— -—— b o -
P e ——— L o=
iT - - -

P 2

T el



ALLOWS ROOM FOR SCREENS AND VAPOR
vV = 6000 £&

ORIGINAL PAGE IS

OF POOR QUALITY

SECOMCARY SEPARATOR

AFTER THE PRIMARY' RECOVERY THERE ARE 3 Z OF VAPOR R-22 AND 97Z AIR

IN THE TUNNEL.
MASS OF AIR , FROM AIR TABLE AT%; ATM AND 70°F
THE SPECIFIC VOLUME: S3.8 £t/

vy

VOLUME OCCUPIED EY AIR

MASS = - - —

SPECIFIC VOLUME

9.7¢(10%) ¢t

MA - = —Hﬂ
MASS OF 3 R-22
)
= ¢
— — — —— — M ~
= 1.730L37)
1,“."
o0
— e .
= €3,4C0 19
~ g », M L kAAmm I AT Amen M o ms
TOTAL MASS = MASS 2F ATR + MASS oF R-z2
_ mmam L =m oAnA
= 12732 + ZC,407
 meaam v
= ¢ 227 i
| TAriTes mr T T B Y e S I o U Y b - —— 4 T = R
2 Y I == = tral = BRI S 3 ST .
Lm2oTn TTROEEN 1T UE= RN
- r - | ——— - — - - [ ~e v PR vqc)r:‘ L= = s B L X It )
- - - - [ - na - - - = - - .
R L L S L S B S el P N T = T e N e a A A S - B T o e A e S ——
R L Il il PR - - | - e el AT T
10 e — - - - — ,: -

i



THE MASS FLOWRATE OF AIR AND R-22 I5 100 1k/min.
THE EMERGY REQUIRED TO LIQUEFY THE REMAINING R-22

@ = mq

il

(100 1h/min) (100 Etu/1hb)

]

10,000 Btu/min (173KW)

ASSUMING THE LATENT OF THE NITROGEN TO SUPPLY THE HEAT TO LIQUEFY

THE R-22, FROM NITROGEN DIAGRAM

g = 83 Btu/1b
THE INITIAL MASS FLOW RATE OF LIGUID NITROGEN REQUIRED

FOé»LIQUEFACTION OF REMAINING R-22

_ Q 10,000 Etu/min
M = === =  m—m——————e—me— = 1320 1b/m:n
q 83 Etu/lb

THE LATENMT HEAT OF CONDENSING R-ZZ Wikl SE CHANGED DUE 7O THE
HEAT EXCHANGER NO 4 WILL SUBCCOLED R-ZZ AT 288 F.

FRCM AIR TAEBELE:

e ORIGINAL PAGE IS
’ OF POOR QUALITY
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— TOTAL MASS OF LIQUID NITROGEN ASSUMED AT ONE HMOUR INITIAL AND 11

(
HOURS
® -

(120 19/min) (&0 min) = 7200 1b

myg = (18.8 1b/min) (il hr) (580 min) = 12408 1b

M= 20,000 1b

ORIGINAL p
AGE IS
OF POOR QuaLTy



APPENDIX B

REFRIGERATION CYCLE

- ORIGINAL

PAG

OF p EIs

O0R QuaLiTy

SINGLE FLUID, TWC STAGED VAPOR COMPRESSION CYCLE.

WORKING FLUID : R-22

ENERGY LOAD : 290,363 Etu/nin  (5.08 MW)

'EVAPORATION  : 1S psia

CONDENSATION : 140 psia

INTERMEDIATE PRESSURE : 45 psia

hg = hy = hy = 12.388 Btu/1b

hy = 105.187 Btu/lb

h, = 100.194 Etu/ib

hy = h; = 306.559 Btu/lb

S, = S, = 0.2390& Etu/1b°R h, = 106.98S Btu/1b

S = S, = 0.23550 Etu/1b°R He = 117.262 Btu/lb

Q. 290545

m, = =———-—= e e = 3230%.17 1:/min
he = hg 100,175 - 12.388
h, - h, 104,385 - 105,187

Mg = ————=——= = e = 0.0224i2S 1b/min
Nk = h; 10S. 137 - 30.5%57
ng - h, 20.5E9 - 12, IEE

fhy = —m—m———-e A, = e e (2TCR.LTY = BI1.2LT T=/mia
N, - ohy SE.17T - 20,655

1ﬁ* = rh( - 3, T s = ST RS Y

I':"t - e T T = TTTDTL LT Mo LTELTPEE - (DD, ISA T L

ia e e ; = o e LTLVIED-10TL0ET Tal

¢ bz, LT

0
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APPENDIX C CALCULATION OF THE PRESSURIZING PROCESS

TOTAL TIME TO PRESSURIZE THE TUNNEL IS 12 HRE.

THE AVERAGE MASS FLOWRATE TO PRESSURIZE THE TUNNEL:

mass required to fil11 up the tank

m

- — — —— — > — O G . A S — " ey G WO

= 23200 1b/min

CONTRCL VOLUME QF THE HEAT EXCHANGER

fr-am —>—53F — ANV VWL——70%F— tc

starage Tunnel

T ——— 55F — " \NNN—— 75F

croling tower”

from
cscling touwer

HEAT EXCHAMGER EFFECTIVEMESS OF 0.

ac.139 TU/LE
112.347 BTU/ILLE

J
s.
W

FROM 3TEAM TazlLZ

1 . n - ~ Louhn o BN | [d
i = &7,C"~ TTU/ e
n
. - me - - -
et = e T e FU/!__"
&
e T el R IR I et e SN o SITI e S B Yo
[ip™ vd = T L] IR AR it SN O § SR A A il
.
2 .
. = &
—- i alial [ . - - — e 4 mo ——
E R AAS = - Sl e L -2 =
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. HEAT REGUIRED FROM WATER

GH;.D= Gg.qn_

= 216 Gov BTY/mN

MASS FLOWRATE REQUIRED TO PUMP THE WATER

= ETU/min

(43.09 - 23.0%9) ETU/1b

[08001b/min



POWER REQUIRED

——— — it e . o e it . vobom
——

1700 hp  ( 1.27 MW )
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APPENDIX D CALCULATION OF TGTAL MASS OF R-22 EMITTED

VAPOR PRESSURE OF R-22 AT 88 K ( 158°R)

E E(F-T)
Lo P = A - ——— = C LOG,T + DT + —————=—- LOG(F-T)
T FT .

Y, = 7.846103122 LOG (158.42)°R = 17.29277416

[
(@}
W
N
~
O
m
a)
1
1
D\

Y3 = (0.002:7093%044)(153.42°R)

= 4.041997273
- - Y, 4 -~ +
LDGwawf A 7, a Y4 A
Pat = £1253(16°) ps
sat = Lewi oo ») P3
™ - sETM M ALY 7 T ﬂ'-_\o-ﬁ\
f'\aA Lownd ® v i Lweod e "Vl N
- - I o SR
\/a = - = e = S de SQ
- Pl AnTETR -"——"; 2
Fa - (144 m/ft )
FG 1" 2
, -~ o e = 4 —_~r 1-7-\ -C =~y -
A-32 Sl
Pa
-7
\pR-QZ .~ - Nmem e A N
e --fo = =l e
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m-

mm

ﬁemitted = (ar ) (Mg.sn /Mgy )

-
MAZS OF

m(t) =

: -7
¢ 100 Lb /min)(S. 1393) (109

S.1393(10°) 1b/min

0)}

R-22 FCR THE RECZOVERY PROCES

-5
(5.1373x10 1h/nmin) {12 hre){(&0min/hr)
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