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1.0. INTRODUCTION
The MS2LCW system uses a combination water and glycol fluid to cool magnets and power supplies in the Meson beamlines. The LCW heat-exchanges with air towers on the roof of the MS2 service building. The meson beamlines and power supply have a very wide coverage, and covers the enclosures F2, F3, M01, M02, M03, M05, and MC6. It also covers the power supply cooling located in MS1, MS2, MS3 and MS4 Building. 

1.1. MS2 LCW issues
· The system is historically leaky and spans a wide range of areas. Because the system currently contains a mix of Ethylene glycol, Propylene glycol, and water, these leaks have ES&H implications.
· Due to the increased viscosity of the cooling fluid from the presence of glycol, the system requires high-viscosity pumps designed to pump oil. The pumps and associated bearing blocks are very expensive and difficult to obtain.
· The cooling towers are very old and contain moving parts exposed to outside weather. Spare parts are difficult to find and are often just as old as the parts in service. Furthermore, the cooling towers lose cooling capacity in hot and humid weather.

1.2. Purpose of the new MSLCW system
To alleviate these issues, the upgrades proposed include:
1. Removal of cooling towers on MS2 roof, replacing them with a chiller system that uses a small glycol loop with plate-and-frame heat exchanger in the MS2 service building.
2. Conversion of LCW (which consists of glycol) to pure water for the primary loop fluid. The glycol-water will only be found in the secondary loop which acts as a cooling fluid with the heat exchanger and chiller, to cool the primary loop fluid which will e pure water. 
3. Necessitates moving all outdoor paths underground to prevent freezing in the winter. 2” LCW supply and return pipes between MS1 and MS2 go outside along the radiation fence between service buildings. It will need to be re-located so they don’t freeze in the winter. One option is to trench and bury the pipes between service buildings.

1.3. Scope/Objectives for the project.

1. Design and sizing of the heat exchanger and chiller for the secondary loop. Roof loading for MS2 building will also be investigated for chiller installation.
2. MS2 LCW pump requirement to meet pressure drop requirement to meet the wide coverage.
3. The fluid flowrate and power supply requirements for the meson beamlines including the new M-East to be added. 
4. Temperature change for the various cooling requirements. 
5. Trenching plan for 2” line from MS2 to MS1 building.



2.0. MS2 LCW system Requirements 
The new MS2LCW system is designed to meet cooling needs for the M-test, and the new M-East as well. A detailed cooling fluid needs was well documented in an excel sheet which covers the power supply flow needs for the MS 1,2,3 and 4 building cooling needs, also all the various magnets cooling needs in the enclosures was also listed with magnet quantity. Detailed table showing the magnet and power supply type, flow rate and power is shown in table in the appendix A. 

Table 2.1: Maximum Flow rate needs for upgraded MS2LCW system.
	Magnet and power supply location
	Flow rate in GPM

	
	

	MS1 Power supply
	21.5

	M01/F3 Magnet flow
	17.1

	MS2 Power supply
	39.0

	M02 Magnet flow
	170.1

	MS3 Power supply
	49

	M03 magnet flow
	226.5

	MS4 Power supply
	52.5

	MO5 magnet flow
	34.9

	MC6 magnet flow
	15.2

	Total LCW Flow including M-East
	625.8



Due to the upgraded system, there is addition of M-east, the table 2 below shows flow requirements for new m-east and total LCW flow, which is the m-test, m-center. The m-east requirement is assumed to have same requirement as the existing m-test. The total power requirement is also shown to be a total of 715 KW. These values in table 1 and 2 are for power and volumetric flow rate is meant for 10  temperature change. Flow requirements for various temperature change is shown in table 3 below. 

Table 2.2: Summary of system requirement 
	Total LCW flow, Mtest + MCenter (GPM)
	367

	Total LCW flow, Meast) (GPM)
	259

	Total LCW flow, Mtest, MCenter, Meast (GPM)
	626

	Power, Meast (kW)
	324.3

	Total Power, Mtest+MCenter (kW)
	390.4

	Total Power, Mtest+MCenter+MEast (kW)
	714.7



Table 2.3: Flow requirement for various magnet temperature changes. 
	Temperature change, °C
	10
	15
	20

	Total LCW flow, Mtest + MCenter (GPM)
	366.7
	320.6
	266.8

	Total LCW flow, Mtest only (New Meast) (GPM)
	259.1
	232.5
	188.5

	Total LCW flow, Mtest, MCenter, Meast (GPM)
	625.8
	553.1
	455.3



3.0. Secondary Loop: Design Calculations/Modelling
The secondary loop removes the heat load from the primary loop to provide cooler water going to the magnets in the primary loop.  The Primary loop is shown in figure 1 below to show the important components on primary loop. The main components of the secondary loop which are the chillers and heat exchangers are sized and appropriately to meet design needs.  Better view of the P&ID is shown on beam docs link referenced. 
Design requirements for secondary loop
1. The design heat load for the secondary loop to be used is 900 KW, which is greater than 667 KW estimated  for the magnets, extra heat load is added as result of other heat addition in pumps and due to insulation, having a safety factor of up to 35%.
2. The cooling liquid in secondary loop is 40% propylene glycol and 60% water.
3.  It is assuming the magnets cooling water temperature is estimated to be 90 F. For 900 KW, heat load of 750 gpm water brings about a temperature change of 8.2 F. 

[image: ]
Fig 3.1: P&ID for MS2 LCW secondary loop 

Therefore, maximum entering temperature to the heat exchanger will be 98.2 F. 
Also, since the primary loop volume is 750 gpm, and will be problematic having the whole volume pas through the heat exchanger. It is assumed if half of the primary loop will be passing through the heat exchanger to be cooled. The schematics looks like this;
[image: ]
Fig 3.2: Heat exchanger loop design schematics. 

PL means primary loop, and SL means secondary loop. The entering and leaving temperature of secondary loop is estimated. Detailed estimate for secondary loop temperatures will be discussed. 

3.1. Chiller Design Specifications and Sizing
· The recommended chiller to be used for the operation is two LN 140-ton chiller, to have a total of 280 ton of refrigeration. This would be enough to covert cooling needs of up to 985 KW. 
· From the LN engineering catalog quoted that “recommended that the entering water temperature not exceed 65°F. The chiller must not be operated with a leaving water temperature of less than 42°F for a plain water application” (1).
· Giving an allowable temperature swing of ±3, I decided to design the chiller to have an entering temp of 62 F. 
· Also, from the catalog, has correction factors for a propylene glycol and water mixture for capacity, power, pressure drop and flow rate (1).
· Determine loop volume based on the equation (1);
Minimum water loop volume =     ……….. (1)

· Minimum water loop volume given an allowable temperature swing of ±3 , is 876.4 gallons. With a 40% PG correction factor, minimum loop volume for system would be 957 gallons (7.4gal/ton). The correction factor table is seen in appendix B. 
· Typically for process systems, HVAC chiller system volume is sized between 6 to 10 gallons per ton. given a recommended vol/ton of 8 gal/ton, our system should be at least 1120 gallons.
· To size a buffer tank, would be;
Min. Volume of buffer tank = Min. loop vol. – (Evaporator and return/supply line loop volume). 
· Evaporator loop vol is 80 gal, and system has total length of approx. 32 ft for 5” diameter pipe, which is 35 gal; buffer tank should be 1010 gallons, with a safety factor of 0.2 from the minimum required buffer volume. The chiller has a loop volume of 200 gallon
· Buffer tank volume of 850-1040 gallon recommended.
· Space required: diameter of 68” and height of 96” for a 4” flange or smaller based on the buffer tank presented in fig below. 

[image: ]

Fig 3.3: Recommended buffer tank for secondary loop operations.

To determine the chilled water flow rate;

· GPM =           ………………….. (2)
· Flow factor is 26.2 for 40%PG, (seen in appendix B for propylene glycol correction factors) 
· Tons = 140 x capacity correction factor for 40% PG, 0.921 = 129 tons.
· If we have a flow rate of 250 gpm.
· The temperature change in water would be 13.5
· [bookmark: _Hlk56005311]An entering temperature of 62  exit temperature of 48.5 , there for with a temperature swing of ±3 , the maximum inlet temp is 65°F and minimum exit temperature is 45.5°F, which meets design criteria for the LN-140 chiller. 

3.2. Chiller Pump Sizing.
· The chiller will have pump sized to meet refrigeration flow needs around the secondary loop. AFT fathom model to see flow requirements, and the system was modelled by input into the system density and viscosity of 40% PG to water at 50 F. Density used was 65 lb/ft ^3, and dynamic viscosity of 7.21 cP.
· The evaporator has a pressure drop of 9.5 ftH2O, for 40% PG, pressure drop factor of 1.67, its pressure drop is 15.9 ft, which is 7.2 psig with the given density.
· The heat exchanger pressure drop is estimated to be 10 psig, with an elevation change of 12 ft. The pipe dimensions for 500 gpm flow is 5” SCH 10, and for 250 gpm flow is 4” SCH 10. 

[image: ]

Fig 3.4(a): Results showing up to 69% efficient centrifugal pump performance for chiller
[image: ]
Fig 3.4(b): Results showing up to 69% efficient centrifugal pump performance for chiller. 

The Vendor recommended pump for the system pump curve is shown below;
[image: ]
Fig 3.5; Chiller Pump curve from Aaon Chiller Vendor.

3.3. Heat Exchanger Sizing
[bookmark: _Hlk56007033]The heat exchanger to be used is a plate and frame heat exchanger. From the chiller design, the estimated entering temperature of 62  exit temperature of 48.5 . This implies the heat exchanger will have an entering temperature of 48.5  exit temperature of 62  for the two chillers. The total volumetric flow of the cooling fluid from two chillers is 500 gpm of glycol-water. 
Based on fig 2; showing the heat exchanger loop schematics, where cooling fluid, = 48.5 , final temp should be 62 .  The hot fluids temperature = 81.8 , = 98.2 
[bookmark: _Hlk56009682]The LMTD for counter flow heat exchanger is estimated to be 34.3  or 19.1 . 
[bookmark: _Hlk56011488]The LMTD for parallel flow heat exchanger is estimated to be 32.5  or 18.05 .
· For plate and frame heat exchanger;

· Given heat transfer coefficient, U= 973 Btu/ (hr ft2) = 5524.4 W/(m2-K), from tranter vendor heat exchange design. 
·  will be the capacity of the primary loop (water) since it has lower flow rate and less dense compared to glycol-water mixture = 99.4 KJ/(K-sec)
· The total cross-sectional area is calculated to be 76.2 ft2 or 7.08 m2 for counter flow 
[bookmark: _GoBack]If each plate is 9” X 30”, number of plates will be 41 plates. This is an estimated number of plates to be used. It will be verified by vendor design analysis for the system to determine the exact number of plates required. 
The GCP Series plates are used where low-pressure drop is critical (low NTU). Typical examples are Steam-to-liquid, district heating, engine jacket water cooler and Heating/cooling of viscous materials. The GCP series plate is designed in that flow direction is parallel or vertical. In our case, the cooling fluid with is glycol water mixture is viscous and low-pressure drop is essential for the system;

Table 3.1: Tranter Heat exchange sizing from Vendor.
	Hot Side	Cold Side
	
	Fluid Name	Water	40% PropGlycol (aq)
	OPERATING DATA	Inlet	Outlet	Inlet	Outlet
	
	Total Liquid flow	GPM	500.00	500.00	500.00	500.00	GPM
	Operating Temperature	°F	104.00	90.00	65.00	79.91	°F
	Pressure drop (allowed / calc.)	psi	10.00 / 5.62	10.00 / 6.17	psi
	
	Total Heat Exchanged	Btu/h	3,476,793
	U-Service	Btu/(h·ft²·°F)	973
	Total Heat Transfer Area	ft²	145.53
	LMTD	°F	24.54
	FLUID PROPERTIES	Inlet		Outlet		Inlet		Outlet	
	
	Specific Gravity	-	1.00		1.00		1.04		1.03	
	Specific Heat	Btu/(lb·°F)	1.00		1.00		0.90		0.91	
	Thermal Conductivity	Btu/(h·ft·°F)	0.36		0.36		0.24		0.24	
	Viscosity (avg.)	cP	0.65		0.76		4.40		3.21	
	CONNECTIONS
	
	Position	S4	S3	S2	S1
	Type	STUDDED	STUDDED	STUDDED	STUDDED
	Liner	split liner	split liner	split liner	split liner
	Size	4"	4"	4"	4"
	Rating	ANSI 16.5 150#	ANSI 16.5 150#	ANSI 16.5 150#	ANSI 16.5 150#
	Material	316L SS	316L SS
	CONSTRUCTION
	
	Pass Arrangement	1	1
	Channel Arrangement	27M+0L	26M+0L
	
	A-Dimension / C-Dimension	in	9.59 / 32
	Plate Material (Material/Thickness)	316 SS / 0.5 mm
	Gasket Material (Hot/Cold)	NBR	NBR
	No. of Plates	54
	
	Frame material / Paint / Color	SA-516-70 Carbon Steel / Enamel / RAL 5012 (Royal Blue)
	Tightening Bolts/Nuts/Finish	SA-193-B7 / 8/2H Tie Nuts / FZB
	
	Pressure (design / test)	psi(g)	150.00 / 195.00	150.00 / 195.00
	Temperature (min / design)	°F	14.00 / 150.00	14.00 / 150.00
	Weight empty / flooded (per unit)	lbs	841 / 959
	
	Pressure vessel code	ASME
	

[image: ]
Fig 3.6: Tranter counterflow heat exchanger sizing.

[image: ]
Fig 3.7: Typical heat exchanger plate, GCP Series plate from tranter vendor. 


4.0. Primary loop Analysis.
Hydraulic model was used to simulate the fluid flow rate and pressure needed for each magnet and power supply cooling. Magnet resistance cooling curve was distributed along the enclosure at various locations. Assumptions were made on the distribution and may not be exactly distributed as in real scenario. However, the flow and resistance curve are the same. 
Power supply cooling resistance curve components were shown and a similar layout to the real scenario for MS1, MS2, MS3 and MS4 building was shown as well. 
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Fig 4.1: AFT simulation Primary loop layout. 

The flow needs for various magnet and power supply locations is referenced in Table 2.1


Table 4.1: Resistance curve for various magnets.
	Magnet type
	Flow rate (gpm)
	Pressure drop (psid)

	3Q120
	3
	82

	6-3-120
	14.1
	200.5

	EPB Dipole
	4.72
	100

	4Q120
	6.4
	100

	Modified B1
	5.3
	30




Table 4.2: Resistance curve for various power supply.
	Power supply type
	Flow rate (gpm)
	Pressure drop (psid)

	Transrex 240
	4
	60

	Transrex 500
	5.5
	100

	ACME
	1.5
	60



Two pumps would need to supply minimum if 626 gpm of cooling water to all magnets and power supply. Both results show pump performance at various pump efficiency. 

[image: ]
[image: ]
Fig 4.2: Simulated results showing primary loop pump performance and sizing.

For a 60% efficiency centrifugal pump, the NPSH is 102 ft, and an overall power of 96 hp for a flow rate of 315 gpm. Two of same type of pump will be installed to meet pressure and flow rate needs for the magnet and Power supply cooling. At 50% efficiency the minimum horsepower motor is 115 hp. Therefor a 125 or 150 hp pump will be recommended for the system.

 Vendors pump curve recommended from Flow serve;
[image: ]

Fig 4.3: Primary loop pump curve from Vendor for a 150 hp motor pump.

5.0. Reference

1. www.aaon.com, “LN Series Chillers and Outdoor Mechanical Rooms Engineering Catalog”
2. https://beamdocs.fnal.gov/AD/DocDB/0080/008052/010/MS2LCW_heatloads%20enclosure.xlsx


6.0. APPENDIX
6.1. [bookmark: _Hlk56012354]APPENDIX A – Requirement summary for MS2 LCW. 
Table 4: Detailed table showing primary loop flow and heat load requirements for magnets and power supply. 
	Power Supply Location (service building)
	Beamline
	PS type
	# of magnets
	Magnet type
	Magnet Location (enclosure)
	RMS power (Watts)
	PS LCW flow (GPM)
	Total Magnet LCW flow (GPM)

	MS1
	Meson Primary
	Transrex 240 kW
	3
	CRD
	M01
	1600.0
	4
	1.8

	MS1
	Meson Primary
	Transrex 500
	7
	Modified B1
	M01
	1884.8
	5.5
	5.0

	MS1
	M Test
	Transrex 240 kW
	6
	3-way LAM
	M01
	2198.4
	4
	5.0

	MS1
	M Center
	Transrex 240 kW
	1
	Modified B1
	M01
	594.8
	4
	0.2

	MS1
	Meson Primary
	PEI 20
	1
	4-4-30
	M01
	 
	0
	0.0

	MS1
	Meson Primary
	PEI 20
	1
	SYB
	M01
	 
	0
	0.0

	MS1
	Meson Primary
	PEI 20
	2
	3Q120
	F3
	0.0
	0
	0.0

	MS2
	M Test
	Transrex 240 kW
	3
	6-3-120
	M02
	24300.0
	4
	27.7

	MS2
	M Center
	PEI 20
	1
	 
	M02
	 
	0
	0.0

	MS2
	M Center
	PEI 20
	1
	 
	M02
	 
	0
	0.0

	MS2
	M Test
	PEI 20
	1
	4-4-30
	M02
	 
	0
	0.0

	MS2
	M Test
	Transrex 500
	2
	EPB
	M02
	37050.0
	5.5
	28.2

	MS2
	M Test
	Transrex 500
	5
	EPB
	M02
	9912.0
	5.5
	18.8

	MS2
	M Center
	Acme 50 kW
	1
	3Q120
	M02
	6439.9
	1.5
	2.4

	MS2
	M Center
	Acme 50 kW
	1
	3Q120
	M02
	6439.9
	1.5
	2.4

	MS2
	M Test
	Acme 50 kW
	1
	3Q120
	M02
	14400.0
	1.5
	5.5

	MS2
	M Test
	Acme 50 kW
	1
	3Q120
	M02
	6439.9
	1.5
	2.4

	MS3
	M Test
	Acme 50 kW
	2
	3D120
	M03
	0.0
	1.5
	0.0

	MS3
	M Test
	Acme 50 kW
	1
	3Q120
	M03
	14400.0
	1.5
	5.5

	MS3
	M Test
	Acme 50 kW
	1
	3Q120
	M03
	14400.0
	1.5
	5.5

	MS3
	M Test
	Acme 50 kW
	1
	3Q120
	M03
	14400.0
	1.5
	5.5

	MS3
	M Test
	Acme 50 kW
	1
	3Q120
	M03
	14400.0
	1.5
	5.5

	MS3
	M Test
	Acme 50 kW
	1
	3Q120
	M03
	14400.0
	1.5
	5.5

	MS3
	M Test
	Acme 50 kW
	1
	3Q120
	M03
	14400.0
	1.5
	5.5

	MS3
	M Test
	Acme 50 kW
	1
	3Q120
	M03
	14400.0
	1.5
	5.5

	MS3
	M Test
	Acme 50 kW
	1
	3Q120
	M03
	14400.0
	1.5
	5.5

	MS3
	M Test
	Acme 50 kW
	1
	3Q120
	M03
	14400.0
	1.5
	5.5

	MS3
	M Test
	PEI 20
	1
	4-4-30
	M03
	 
	0
	0.0

	MS3
	M Test
	PEI 20
	1
	4-4-30
	M03
	118.1
	0
	0.0

	MS3
	M Test
	PEI 20
	1
	4-4-30
	M03
	0.0
	0
	0.0

	MS3
	M Test
	Transrex 240 kW
	1
	EPB
	M03
	17595.0
	4
	6.7

	MS3
	M Test
	Transrex 500 kW
	2
	EPB
	M03
	20715.8
	5.5
	15.7

	MS4
	M Test
	Acme 50 kW
	1
	3Q120
	M03
	4000.0
	1.5
	1.5

	MS4
	M Test
	Acme 50 kW
	1
	3Q120
	M05
	1860.4
	1.5
	0.7

	MS4
	M Center
	Acme 50 kW
	2
	3Q120
	MC6
	227.1
	1.5
	0.2

	MS4
	M Center
	Acme 50 kW
	1
	4Q120
	MC6
	397.4
	1.5
	0.2

	MS4
	M Center
	Acme 50 kW
	1
	3Q120
	MC6
	868.1
	1.5
	0.3

	MS4
	M Center
	Acme 50 kW
	1
	4Q120
	MC6
	361.3
	1.5
	0.1

	MS4
	M Center
	Acme 50 kW
	1
	3Q120
	M05
	2325.5
	1.5
	0.9

	MS4
	M Center
	Acme 50 kW
	1
	3Q120
	M05
	2709.2
	1.5
	1.0

	MS4
	M Center
	Acme 50 kW
	 
	 
	M05
	 
	1.5
	0.0

	MS4
	M Center
	Acme 50 kW
	 
	 
	M05
	 
	1.5
	0.0

	MS4
	M Test
	Acme 50 kW
	1
	3Q120
	M05
	2683.3
	1.5
	1.0

	MS4
	M Center
	Transrex 240 kW
	3
	EPB
	M05
	25893.7
	4
	29.5

	MS4
	M Center
	PEI 20
	1
	4-4-30
	MC6
	0.0
	0
	0.0

	MS4
	M Center
	PEI 20
	1
	4-4-30
	MC6
	0.0
	0
	0.0

	MS4
	M Test
	PEI 20
	 
	 
	M03
	0.0
	0
	0.0

	MS4
	M Center
	PEI 20
	1
	4-4-30
	MC6
	0.0
	0
	0.0

	MS4
	M Center
	PEI 20
	1
	4-4-30
	MC6
	0.0
	0
	0.0

	MS4
	M Test
	Transrex 500 kW
	5
	EPB
	M03
	53377.6
	5.5
	101.4

	MS4
	M Test
	PEI 20
	 
	 
	M05
	 
	0
	0.0

	MS4
	M Test
	PEI 20
	 
	 
	M05
	 
	0
	0.0

	MS4
	M Center
	Transrex 500 kW
	4
	EPB
	MC6
	7190.6
	5.5
	10.9

	MS4
	M Center
	Transrex 500 kW
	1
	4Q120
	MC6
	6112.0
	5.5
	2.3

	MS4
	M Center
	Transrex 500 kW
	1
	4Q120
	MC6
	3115.5
	5.5
	1.2

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	390410
	105.5
	322.6

	 
	 
	 
	 
	 
	Mtest only
	277300
	56.5
	264

	 
	 
	 
	 
	 
	Total
	667710
	162
	586.6

	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	 
	Power in KW
	667.7
	Total GPM
	748.6















6.2. Appendix B: Chiller Design Data. 
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 Fig 5:  Schematic layout for chiller system. 
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« For 5" flange or larger add 12" to tank diameter for face-to-face dimensions
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R General

Warnings | Pump Summary | Valve Summary | Heat Exchanger Summary

Name Vol Mass. dP dH Overall | Speed Overall| BEP %of | NPSHA | NPSHR
Jot | Results Flow | Flow ) Efiiciency Power | BeP
PEie (galimin) | (bmsec) | (psid) | (feet) | (Percent) | (Percent) (hp) | (galimin) | (Percent) (feet) | (feet)
604 | Show |..] Pump 00 000 -4470 -1036 NA NA 0.00 NA NA 1020 A
607 | Show E Pump 3150 4360 31347 7266 100.0 NA 5759 NA NA 1020 NA
608 | Show E Pump 3150 4360 31343 7267 100.0 NA 5760 N/A NA

102.0
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R  General Wamings | Pump Summary | Valve Summary = Heat Exchanger Summary

Name Vol Mass. dP dH | Overall | Speed | Overall

Show [=] Pump 315.0 4360 31343 7267 60.00 NA 9599

N/A

NA

102.0

Results. i

J Flow Flow Efficiency Power BEP

© Disgram (galimin) | (Ibmisec) | (psid) | (feet) | (Percent | (Percent) () | (galimin) | (Percent) | (feel) | (feet)
604 | Show |..] Pump 00 000 -4470 -1036 NA NA 0.00 NA NA 1020 N/A|
607 SWEHW 3150 4360 31347 7266 60.00 NA 9598 NA NA 1020 N/A
609
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‘Table 1 - Staged Scroll Compressor Chiller

Mininwm Water Loop Volume
Modst |, Masimum | Minimuen Voiume
% Capacity Step | (Gal-"F Swing)ton.

308 5%

315 3780

%5 ies

%0 3120

524 E

%5 530

325 3876

315 3756
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Table 5 - Propylene Glycol Correction Factors

0,
A)Gfl);zgi,f;e Freezoe Point Capacity Power Factor Pressure Drop Flow Factor
Weight F Factor Factor
10 26 0.998 0.996 1.08 24.4
20 19 0.975 0.975 1.21 24.8
30 9 0.960 0.985 1.40 254
40 -6 0.921 0.975 1.67 26.2
50 -28 0.910 0.965 1.98 274
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Figure 7 - Pressure Drop Across Standard Shell and Tube Heat Exchanger
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Table 12 - 95-140 tons Units Evaporator and Condenser Information

Model
LIN-095 IN-105 IN-120 IN-140
Evaporator
Quantity 1 Shell & Tube or 1 Brazed Plate
Max Water Pressure 125 psig
Connection Sizes I 5

Standard- Shell and Tube

Max gpm 350 388 555

Min gpm 143 158 180 143
Oversized- Shell and Tube

Max gpm 378 388 611

Min gpm 143 158 180 143
Standard- Brazed Plate

Max gpm 350 122 249 555

Min gpm 152 172 201 248
Oversized- Brazed Plate

Max gpm 389 249 555

Min gpm 172 188 220 172
Air-Cooled Cond. Fans

Quantity 8

Type 36" Propeller Fan
hp 15
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Table 11 - 95-140 tons Units Compressor Information

Model
IN-095 IN-105 IN-120 IN-140
R-4104 VFD
Compatible Scroll
Compressors
Q“""“";/g"‘“‘“"lged tons ans 2025,2/32 432 2135, 2140
meg/sm“‘“'“"lble to0S | s, 2125 Var. | 2/32,2/25 Var. | 2/32.2/32 Var. | 2/40,2/35 Var
‘Quantity/Nominal tons 2/32, 125,125 2/40, 1735,
paialeren 3/25, 1/25 Var. o 352,132 Var. | %0
Quantity of Circuits 2
Né’:“;'f:‘ US‘:“ S”(’,,ie;" 30 %, 62%, 27%, 56%, 31%, 63%, 30%, 61%,
P S':;ge;*’s 82%, 100% 79%, 100% 82%, 100% 81%, 100%
18%-30%, 16%-27%, 18%31%, 18%-30%,
I\IC":“‘"“IZC“YUS‘:“ S”(',,ie;d 38%-62%, 34%-56%, 38%-63%, 37%-61%,
‘1\“ Van:g; 64%-82%, 63%-79%, 64%-82%, 65%-82%,
86%-100% 88%-100% 86%-100% 87%-100%
18%-30%, 16%-27%, 18%-31%, 18%-30%,
NC"m‘"“l US‘:“ S”('fje)d 50%-62%, 45%-56%, 51%-63%, 50%-61%,
a?;‘;‘ff{/a:xpl:le o 74%-82%, 73%-79%, 75%-82%, 75%-81%,
92%-100% 94%-100% 93%-100% 94%-100%
Compressor VFD Range
208V, 230V, 5601

460V, & 575V
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