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Read all instructions before operating this equipment!
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Introduction / History

U.S. Patent #2,448,453 - Other Patents Pending

Your King Zeero Ice Builder Cabinet will give you more economical refrigeration than you have ever had in your plant.  You will find that it will allow you to cool more product with a smaller compressor running less time than ever before.  New plants can be assured of having lower initial cost with less operating and maintenance expense than with any other system they could install.

The King Zeero Ice Builder Cabinet works on the principle of storing refrigeration in the form of ice built on the coils with a small compressor over a comparatively long time and then using up this stored refrigeration in a short time by flow water over the ice.  In the Ice Builder Cabinet, the flow of water is correctly directed to ensure cold outlet water without resorting to mechanical electric current consuming contrivances.  Cooling load conditions can change rapidly without appreciable affecting compressor suction pressure or necessitating the quick operation of sensitive controls.

Since the ice on the Ice Builder Cabinet supplies a large portion of the day’s refrigerating load, a breakdown of the compressor or compressor parts does not stop the product cooling.  If repairs take longer than a day, cooling can still be handled by throwing broken up ice in the top of the Ice Builder Cabinet.

The "flat" coils in the Ice Builder Cabinet are a special design allowing exceptional efficiency.  Ice will form more rapidly than you may expect, so check thickness often for the first few days until you get the timing.

The following installation, operation, and service instruction show the ease of installation and the exceedingly few possibilities for anything but the most satisfactory operation.  Follow these and you will be surprised at the easy, economical, long years of trouble free service you have.

Girton Manufacturing Co., Inc.

4 Definition

An Ice Builder, Ice Bank, or Latent Heat Storage unit, is a device designed to produce ice water, (i.e. sweet water), utilizing the concept of building a reserve of ice for refrigeration storage during “off-peak” hours.  Electric demand charges are thus reduced and ice water is produced without freeze point depressants and without the hazard of freeze-up.

5 Historical

The ice builder concept was developed in the middle to late 1930’s, primarily to reduce the instantaneous refrigeration loads required by facilities, such as milk receiving stations, which operated only a few hours in the morning and lay idle the balance of the day.  As other types of facilities recognized the dramatic operational cost savings and initial equipment cost reductions utilizing the refrigeration load shifting, its use became more widespread.  Milk processing plants soon began using the concept also, due to their awareness of the milk receiving operations.  Ice Builders soon became the standard for cooling in these industries.  Other process industries gradually began using the concept also.  Those with the shortest term, highest peak-to-valley load ratio gained the most by using these systems.

An earlier load shifting concept, brine tanks, had been used, also having the capability of producing a low temperature-cooling agent.  They relied on removing the sensible heat of the brine fluid, rather than latent heat, to produce a required storage volume for the load shifting.  These systems required a lot of space, and the care and expense required to reduce corrosion was excessive.  Ice storage eventually made these systems obsolete.

Brine had a sour, brackish taste while the developing ice builder system used plain water with a relatively sweet taste.  The term “Sweet Water” thus became the common name for the cooling agent produced by the ice building system.
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Figure 1 Ice Builder Cabinet

6 Utilization

Ice Builders should be considered where:

1. Cooling medium needs to be close to the water freezing point of 32(F.

2. The cooling load is a non-uniform load.

3. Electrical load incentives exist in the form of demand charges or load sensitive kilowatt-hour charges.

The shorter the term of the load and the higher the ratio of peak-to-valley loads, the more advantage exists for the use of Ice Builder systems.

A representative listing of industries, applications and product categories where Ice Builders have been successful is as follows:

	air conditioning
	dairy farms
	margarine
	poultry

	baby foods
	eggs
	soup
	produce

	bakery
	electroplating
	macaroni
	salad dressings

	brewing
	flavors / extracts
	meat packing
	seafood

	candy
	fruit
	milk processing
	soft drinks

	cheese
	glass manufacturing
	paints
	starch

	chemicals
	hospitals
	paper
	shellac

	citrus
	instant coffee
	pharmaceuticals
	textiles

	concrete
	juices
	photo labs
	

	cosmetic
	liquor / mixers
	pickles
	


II Sizing / Utility Considerations

1 General

It is beyond the scope of this section to make refrigeration experts out of novices.  For those not knowledgeable in refrigeration system application, please contact Girton Manufacturing Co., Inc. for assistance.  The following is to provide basic guidelines to permit those knowledgeable in refrigeration to proceed.

As in any refrigeration system, the level of the evaporator operation has a direct effect on the operating costs.  The higher the evaporator temperature (or pressure), the fewer kWh per ton of refrigeration.  Different than most refrigeration systems, however, is the variable conditions under which the evaporator operates.  Ice has an insulation value and Ice Builders are normally operating from 0” ice to 2-1/2” and back to 0” or near 0” again.  Since, under these conditions, the capacity varies widely the selection of the “high side” equipment, line sizes and refrigeration accessories must be done with care.

Cost of operation must be balanced against initial equipment investment or “life cycled” to determine the proper equipment for a given application.  The years have shown that a mean evaporator temperature of 10( F (16.6( for E-Series) is the target level.  Although electric power costs, both kWh and kW, have increased substantially in the past 15 years, the situation still seems to favor this level.  At sometime in the future when we see a real energy “crunch”, these numbers may change and favor higher evaporator levels.  Even today, there is a theoretical difference between sizing in different electric utility service areas since the Northwest, with its hydropower results in a different impact than CON ED in Manhattan.

2 Ice Builder Components
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3 Components Required for Direct Expansion Refrigerants

Basic schematics follow showing the basic components of an Ice Builder system; one for the direct expansion refrigerants and one for ammonia.  Only minor differences exist, schematically.  In the real world, of course, construction and appearance is completely different.  The basic cycle, regardless of the refrigerant is (1) compression of the vapor, 2) removal of the heat of compression (condensing, vapor to liquid phase change), (3) metering (pressure drop + partial liquid to vapor phase change), and (4) expansion (liquid to vapor phase change, due to heat absorption from material being cooled.)

Any system MUST include the following items, sometimes omitted from other types of system.

1.
Oil Separator.  More important in direct expansion refrigerants work than ammonia.

2.
Liquid/Suction Interchanger.  Normally direct expansion refrigerants only.

3.
Suction Accumulator.

4.
Liquid and Suction Solenoid Valves on Central Systems.  Particularly important with E-Series NH3 applications.  Refrigerant charge must be maintained in the evaporator.

5.
Automatic Ice Thickness Control - This must be of the types that sense ice thickness by means of temperature or conductivity.  The conductivity method eliminates the “creep” that is inherent in temperature sensing units.

4 Component Selection

Sizing of the various components of an Ice Builder system or any other refrigeration system should not be left in the hands of anyone but a trained professional.  There are too many variables.  The conditions surrounding the evaporator are variable.  The condensing conditions are variable.  The over-all system performance and capacity are, therefore, variable.

All components must be selected with attention given to both maximum and minimal conditions.  Accessible semi-hermetic compressors must be selected so that they do not overload at the high suction conditions they may be subjected to, and still get sufficient cooling at the lower end.  On direct expansion refrigerants systems, crankcase heaters are a must so that any refrigerant migration is to the evaporator.

Refrigerant charges are relatively high in Ice Builders so care must be taken in servicing.  Today’s environmental situation dictates refrigerant capture by a licensed technician.

Head pressure control needs to address the fact that the Ice Builder systems are almost invariably operating at night and possibly during the day, and frequently in Northern winter climates. This is not that unusual for industrial refrigeration systems except that the peak demand is at night rather than during the day.

Do Not apply welded semi-hermetic compressors to Ice builders systems unless they are equipped with oil level ports in the “crank case” and “anti-slug” devices. Recent models in large sized units have become available with these features.

Ice Builders do “slug back”.  Avoid close coupled hook-ups without adequate suction liquid handling capabilities.  Means must be provided to separate the liquid phase of the suction and convert it to vapor before its return to the compressor.

5 Piping Requirements

Piping requirements for Ice Builder systems are no different than other medium temperature refrigeration systems except that in dedicated systems and some central systems applications the evaporator temperature varies during the burn-off and the re-build cycles.  This dictates a careful study of the suction line arrangement in particular, mainly with the direct expansion refrigerants.  Their oil carrying characteristics require sufficient velocities to effect oil return yet increased velocities mean higher pressure drops and, hence efficiency loss.  In most cases the selection is not complicated and rarely is a “double riser” configuration required.

Isolation valves should always be included on both liquid and suction lines as with any system.  With the direct expansion refrigerants, a sight glass and moisture indicator should be installed in the liquid line at the Ice Builder.  The liquid feed devices should always be protected.  In NH3 work strainers should precede any solenoid or float valve.  In direct expansion refrigerant work a combination filter-drier should be used.  On the King Zeero Cabinet series, a main line filter-drier is recommended even though each thermal expansion valve is protected by it own “catch-all.”

A liquid line strainer is provided for each evaporator circuit on an E-Series.

As stated previously, on central systems both liquid and suction solenoid valves should be installed, operated by the Automatic Ice Thickness Control.  In dedicated systems, a liquid line solenoid only is sufficient with the Automatic Ice Thickness Control operating it and the compressor motor, together.

Design

The King Zeero Ice Builder Cabinet is designed for use with direct expansion refrigerant (Specify refrigerant to be used when ordering.)  The stainless steel coils welded to the ice plate are continuous for each plate only.  Liquid entering the top pipe and suction from the bottom, the coils are designed to spiral the refrigerant on the inside as it passes through.  Each coil is equipped with an individual expansion valve.  All suction and liquid connections are connected into headers.  Oil passing into the coil will return to the compressor.  The refrigerant charge is small.  The cabinet is constructed of heavy gauge stainless steel, all welded.  The compressor may be mounted on top of the cabinet.

The King Zeero Ice Builder Cabinet is equipped with the same type stationary efficiency louvers as has the "E" series Ice Builder.  These louvers promote extra ice making, extra ice melting, extra flash cooling, and extra control of circulated water.
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Figure 2 Internal Louvers

All King Zeero Ice Builder Cabinets are insulated with 2" Styrofoam on sides and bottom, clad with stainless steel sheet, protected with heavy stainless steel angle corners.  The sectional cover is stainless steel.  An optional electronic ice inventory system is available.  The King Zeero Automatic Ice Thickness Control to operate an automatic compressor is a standard feature.

REFRIGERANT
The refrigerant used must be the same as that for which the unit was originally furnished (Direct Expansion), as the expansion valves may not control other refrigerants or mixtures of refrigerant properly.  The coils and headers in the Ice Builder Cabinet are designed to return any oil in the refrigerant to the compressor.  A bad oil-pumping compressor can, of course, pass so much oil that expansion valves will not function.  Poor oil moisture in the system will cause a “world of trouble” with control by expansion valves, compressor operation or even plugged coils.  It is absolutely necessary to use dehydrated oil specifically manufactured for use with the particular refrigerant being used.
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Safety

6 Special Instructions

Safety rules must be followed at all times!!!
High voltage and rotating parts can cause serious or fatal injury.  Qualified personnel must complete installation.  The Girton Mfg. Co., Inc. recommends strict adherence to OSHA code, NEC guidelines and local ordinances.  It is important to protect personnel from possible injury.  Everyone involved with operation or maintenance should be instructed to:

· Avoid contact with energized or rotating parts.

· Disconnect and Lockout power sources before starting repair.

· Be careful when handling or lifting heavy parts.

· Ground equipment properly.

· Enclose equipment to prevent unauthorized access.

· Avoid exposure to high noise levels.

· Become familiar with equipment manuals prior to usage.

· Wear eye, ear and hand protection.

Installation / Commissioning

7 Site Preparation

Before arrival of the unit, prepare the foundation upon which it is to set.  The preferred foundation is a level concrete pad at least 12” larger in length and width than the outside dimensions of the Ice Builder.  The thickness of the pad and re-enforcement should be determined by your engineer or contractor since these will vary with the soil conditions in the area.  It may be assumed that the operating weight of the Girton King Zeero Ice Builder is evenly distributed over the bottom.

As an alternative, King Zeero Ice Builders may be supported on beams.  Contact Girton Manufacturing Co., Inc. for direction before proceeding with this method of support.

If the flat pad is used, a layer of mastic should be applied to the pad first, about 1/8” thick so that the bottom of the unit will be sealed.  A grout (½ cement and ½ sand) may also be used with a 1” cove around all sides of the Ice Builder after setting.
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Figure 3 Installation Suggestions

8 Receiving

Upon receipt of the unit, open all packages and check the contents against the packing slip.  Report any shortages to your supplier.

When the Ice Builders arrives, inspect it closely for damage or signs of abuse in hauling.  Note these on the Bill of Lading.  If, after placement concealed damage is found, notify the delivering carrier immediately.

Do not remove the crating or skids.

It may now be set on the prepared foundation.
9 Setting In Place

Move the Ice Builder Cabinet to location where it will be used.

Internal lifting lugs are provided in each of the four top corners.  Only the smallest units may be lifted by forklift and care is to be taken that the forks at least reach the far side.  The fork center distance should be no less than four feet.  When using a crane, hook to all four corners and use spreaders in both directions on the cables.
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Figure 4 Lifting Lugs
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Figure 5 Lifting Lug Locations

NOTE: THESE UNITS ARE HEAVY!  Allow only qualified, experienced riggers or machinery movers to place them.

Remove crating then jack up and remove skids.  If set above grade, Girton suggests at least three crosswise or two lengthwise supports.  Set in place, being sure Ice Builder Cabinet is level.  Level on all four top angles.

10 Connection of Refrigeration Lines

The unit may now be refrigerant piped in accordance with accepted refrigeration practice and the fore-going commentary.

Placement of the refrigeration condensing unit relative to the Ice Builder Cabinet needs proper attention.  Too far away results in excessive line losses.  Too close provides the chance for flood back, chance of oil loss.  Too low-chances liquid slugging.  Generally lines should be sized to result in a pressure drop corresponding to less than 2(F change in temperature.  Liquid lines are least critical, although sufficient subcooling must be present in the system to prevent flashing in the liquid line.  Suction lines are the most critical, due to the necessity of maintaining sufficient velocities to return entrained oil to the crankcase.  High velocity and low pressure drop pretty well define the maximum allowable distance between the King Zeero and the condensing unit.  The velocity required will vary with line size, refrigerant type, and suction temperatures.  On vertical suction risers there should be a trap every 15 feet.

If unit is shipped complete with condensing unit mounted on top and completely connected, water and electrical connections are the only ones to be made.  (See special instruction for mounted units.)

Connect refrigerant liquid and suction lines to the headers provided and charge system with refrigerant.  It takes from 15 to 30 lbs. direct expansion refrigerant per coil dependent on size (7 to 15 lbs ammonia).  We suggest using both a dehydrator and a sight glass in the liquid line.  Liquid and suction lines between Ice Builder Cabinet and compressor should be soldered together or a full size heat exchanger used.

Although the coils and headers of the Ice Builder Cabinet are dehydrated and sealed before shipment, it is always good practice to evacuate the system when first hooked up or opened during servicing.  If practical, heat applied to the coils during evacuation will help to eliminate any moisture that may have entered the system during hook-up.

11 Connection of Water Lines

Water piping may now be run using accepted practice for sizing, based on the distance and GPM of flow.  Minimize suction piping to the pump and usual practice would be to oversize the line by one pipe size.  Do not elbow directly into the pump suction.  Allow at least 5 pipe diameters between the last elbow and the pump inlet.
Connect water lines to secondary cooling equipment.  Allow clearance for pipe covering.  Insulate the pipes.

If any secondary cooling equipment is taken apart for cleaning such as plate type milk coolers, valve off both in and out pipes.  Valve off the ice water lines when city water or hot water passes through the same secondary surface as the ice water.  Also, make provisions for vent and drain off of hot water before sending ice water through secondary surface.

Have a minimum of fittings.  Use angle or gate valves in the line, never globe valves.  Use oversized interconnecting pipe.  The extra initial cost will soon be paid for by lower pumping costs and better results.  If the connection on the secondary equipment is small, bring the pipe up large and reduce right at the secondary equipment.

The following table is a rule of thumb for sizing water piping:

	WATER FLOW
	PIPE SIZE

	Up to 20 GPM
	1"

	Up to 25 GPM
	1-1/4"

	Up to 50 GPM
	1-1/2"

	Up to 80 GPM
	2"

	Up to 120 GPM
	2-1/2"

	Up to 180 GPM
	3"

	Up to 300 GPM
	4"

	Up to 700 GPM
	6"


These are safe sizes for 100-foot pipe.  For distances over 150 feet, use the next larger size.  Sizes based on approximate velocities of 7.5 to 8.0 feet per second through schedule 40 pipe.

A water fill source should be made convenient to the Ice Builder.  It may be piped permanently to the Ice Builder, following local codes relative to air-breaks and/or anti-siphon devices.  If piped permanently, it may include a manual fill valve or an automatic fill control.  Generally, a manual valve is sufficient since water loss should be minimal.  A water level check can be added to the plant’s preventive maintenance schedule.  A monthly check should be more than adequate unless an abnormal situation occurs automatic level controls of any kind will eventually fail, either open or closed without routine maintenance for themselves.  As an alternative, the water supply may be piped within “hose reach” of the Ice Builder and a hose in the top used for fill when required.

If the installation is out-of-doors in cold climates, proper care must be taken to prevent pipe and pump freeze up.  The Ice Builder, particularly when equipped with insulated covers, needs no additional protection except during extended idle periods or abnormally cold weather.  Pipe and pump protection is probably most readily achieved by use of thermostatically controlled heat taping.  In any regard, the line should always be insulated.  Another, probably less efficient method is to start the circulation pump when ambient reaches a pre-determined level.

12 Electrical Connection

Wiring should be in accordance with local codes and following the example in this manual.  The appropriate control strategy needs to be established.  This strategy depends on the refrigeration system and the way the Ice Builder is to be used.  Generally, on a dedicated system, the AITC will start and stop the compressor AND open or close the liquid line solenoid valve.  On a central system, it will operate both liquid and suction solenoid valves, isolating the Ice Builder evaporator and allowing the high side equipment to continue its work on the balance of the evaporators in the system.
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Figure 6 Electrical Panel

Read all instructions before beginning installation.

If this control is being used to replace an existing coil, be sure to check all wiring.  Make sure that the power supply lines and the wiring to the compressor motor starter or solenoid valves is correct.  Make sure that the power supply to the control is matches the specified voltage / frequency.  Improper connections are not covered under warranty.

The control system (and optional ice inventory system) is housed in a NEMA 4X enclosure mounted on the front of the ice builder.  The ice thickness probes are mounted inside the ice builder and wired to the control panel.

Refer to the wiring diagram included with the Ice Builder.

Connect the specified pump power supply (including short circuit protection) to specified disconnect or feeder terminals, if the unit was supplied with pump control.
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Figure 7 3 Phase Power Connection

Connect the specified control power supply (including short circuit protection) to Terminal L1 & N, if the unit was not supplied with a control transformer.
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Figure 8 Control Power Connection

If the unit was not supplied with a mounted condensing unit, for each refrigeration circuit, connect the Ice Thickness Control to the remote condensing unit using the dry contacts shown on the wiring diagrams.  Girton recommends placing the contacts in the oil pressure feedback circuit of the condensing unit.

If required by split refrigeration or by refrigerant supplied by central system, wire the Ice Thickness Control to the liquid line solenoids as shown in the supplied schematics for the system.
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Figure 9 Ice Thickness Control Wiring

Note that ice thickness control provides a 1/60/120V signal.  If the compressor controls or liquid line solenoid valve is a different voltage, or require a dry set of contacts, an optional control relay must be installed as shown on the wiring diagram.

13 Start-up / Commisioning

After the piping has been finished and checked for leaks, the Ice Builder is ready to be started up.  It would be advisable to allow about 24 hours before ice water is required.  The start-up should not take this long but this provides extra time for checkout, balancing and any unexpected situations.

The start-up should begin with little or no water in the Ice Builder, reducing the potential load and preventing a system over-load.  This is less critical with a cold water fill or with a central system.  Without water, the Automatic Ice Thickness Control (AITC) will not allow the system to start.  Turn the AITC to off. Using the keyswitch on the front of the enclosure, override the Ice Thickness Control.  Be sure to remember to return the keyswitch to the Off position when commissioning is complete because the condensing unit will not stop regardless of ice thickness with the switch in the On position.
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Figure 10 Ice Thickness Setting and Keyswitches

Turn the AITC setting to 25% ice.  The solenoid valve(s) should open and the compressor should start, if so wired.  Allow the evaporator to fill with refrigerant liquid.  It will usually be necessary to add additional refrigerant during this fill time.  The compressor need not run at the beginning since there will be no appreciable load.  Once the liquid feed has stopped, the water fill may begin.  When the Ice Builder is about 1/4 full (less with 75( F water), the compressor may be started.  Refrigerant pressures should be monitored and / or compressor motor amperages should be checked to warn against overloads.  On semi-hermetic direct expansion refrigerant compressors, suction pressure should not be allowed to go too low or compressor will not get sufficient cooling. See manufacturer’s recommendation for minimum and maximum.  Water fill rate may be adjusted to keep the pressures within the required limits or the manual suction valve may be used for throttling.  In no case should the liquid line be throttled.  An exception would be a failure of the liquid feed device and manual control should only be allowed short-term.

Once the Ice Builder is filled with water and water comes out the overflow connections, the fill may be discontinued and the AITC override removed (turning the keyswitch to Off).  Assuming there is less than 25% of ice on the coils, the system should continue to run. If it does not, re-check the wiring to make sure it is correct.  Other causes of failure would be a broken probe wire, or water conductivity below that required for control activation.  Both conditions are very unusual.

Change the AITC setting to 75% or 100% and allow the system to continue operation. It may be noticed that, as more ice is formed, a small amount of water will discharge from the overflow connection.  This is normal since water expands as it changes state into ice.  The ratio is approximately 12:11 of ice to water volumes.  When the required amount of ice is built, the system should shut down.  One pound of water overflow means 11 lbs. of ice has been built.  Start the circulating pump or pumps to fill the water piping system and heat exchanger equipment.  Make certain that all air is evacuated from the system and that no piping irregularities exist that would create air pockets.  It is likely that additional water overflow will occur at this time since the water level will rise at the point of water return and drop at the point of water discharge.  This is a result of the small pressure drop through the controlled water circuit with in the King Zeero.  If overflow does not occur, add additional water until it does.  With working full ice capacity and full pump circulation you will now have the proper amount of water in the system.  As ice is used and/or when circulation is stopped, the level of the return side lowers.  This is normal and additional water should not be added because of this.  If an automatic fill system is used, it should be located at the return side and set for the no ice, no flow level.

14 Water Treatment

With most water supplies, the only criteria of water treatment is that the pH remain between 10 and 10.5.  Oxygen scavengers and various other reactions desirable in other water systems are just not necessary with King Zeero Ice Builders.  Three basic differences are evident. (1) The water is captive within the system and very little makeup is required, (2) the temperature is in the 32-42(F range and (3) no air is being injected into the water.

Since many water supplies are “abnormal”, it is wise to check with a reliable local water treatment specialist, making certain to explain the operating conditions.  Basic chemicals such as soda ash do a good job and commercial products designed to protect metal surfaces by elevating the Ph to 11 or higher without the use of chlorine or other corrosive materials.  Since water make-up requirements are minimal, automatic feeders will probably create more problems than they solve.

15 Automatic Ice Thickness Control

The multi-point Automatic Ice Thickness Control (AITC) supplied with all King Zeero Ice Builders, besides providing the basic thickness control, offers the opportunity for energy savings.  As ice becomes thicker, evaporator temperature lowers thus resulting in the use of more kWh per ton.  By providing a simple convenient way to adjust to minimum required ice thickness for a particular load cycle, the energy usage is reduced.  Naturally, it is important to be sure there is sufficient ice available so a calculated reserve is in order.  Also, it may not be practical to vary the thickness setting daily since loads are not always that predictable.  Certainly, it can be adjusted seasonably or even monthly.

Another feature with the King Zeero system is the ability to set for 125% of ice.  It should be remembered that this additional thickness is more expensive to build than lesser thickness but still compares favorably with competitive units building to 100%.

Minimizing the thickness to which the ice is built is important from an operation standpoint also.  If an Ice Builder continuously over-builds for the load conditions, the ice field will become out of balance.  The location of the imbalance will vary with the manufacturer but it will happen.  With an out-of-balance situation, the chance for freeze-up or shortage of cooling capacity is increased.  With the King Zeero design, the optimum condition is to end the load cycle with somewhere around 25% thickness at the water outlet.  This provides sufficient ice reserve to still produce 34(F water but not enough for an out of balance condition to ultimately occur.

Remember that the King Zeero Ice Builder is designed to work with an imbalanced ice field but this should be less than 25% from one point to another. If an imbalance greater than this is experienced frequently or always, the ice thickness setting should be reduced or water flow rate increased.

See Wiring Diagram on next page. See Location Guide under Section 7.

Normal ice thickness at the start of a days run will average about 2-1/2".  After using the Ice Builder for a few days you will be able to determine the amount of ice necessary for your particular operation.  This necessary ice thickness will vary depending on the size Ice Builder Cabinet installed and the size compressor used.  Starting the day with 2-1/2" of ice, the ice nearest the warm water return will melt first.  This, of course, bares these coils or plates first and allows the compressor to work on prime surface giving more flash effect and increasing the capacity of the Ice Builder Cabinet and compressor.  When ice is again built after the days run, the ice thickness will gradually become almost the same thickness on all plates or coils.

Operation / Controls

16 How It Works

The Ice Thickness Relays used in the Ice Builder control sense the difference in conductivity between ice and water.  Terminal 8 on Ice Thickness Relay is connected to the probes in the ice builder.  Terminal 5 on the module is grounded to the ice builder.  When the ice builder is filled with water only, a resistance of less than 45,000 ohms across Terminals 8 and 5 will switch the Ice Thickness Relay “on” (120V at Terminal 3 of the relay).  The Ice Thickness Relay will remain on until the resistance increases to greater than 85,000 ohms.  When the Ice Thickness Relay switches off, Terminal 3 is de-energized and Terminal 4 on the relay is energized.

The ice thickness control provides a signal that can be used to start or stop the compressor, or open and close a liquid line solenoid valve.  The amount of ice built is selected using the Ice Thickness Control selector switch.  The switch allows selection of 25, 50, 75, 100, or 125 percent of the ice builder’s total capacity.  The 100 percent setting corresponds to the unit's capacity at 2-1/2" of ice.  The 125 percent setting corresponds to the unit’s capacity at 3" of ice.  The ice thickness control reads the probe located in the cabinet to determine the current amount of ice inventory.

Ice builders with multiple refrigeration circuits will have an ice thickness control and selector switch for each refrigeration circuit.

17 Ice Inventory Option

The ice inventory selector switches are used to provide an approximation of the amount of ice in the ice builder.  The position of the selector switches on the control box corresponds to the location of sensor probes in the ice builder.

To determine the amount of ice in the icebuilder, turn the Position Selector switch to position # 1.  Then rotate the Position 1 switch clockwise and observe the ice indicator light.  If the light is lit it means that probe is covered with ice.  Rotate the position switch to the highest setting which lights the indicator light.

Turn the position Selector switch to position # 2 and rotate the Position 2 switch to the highest setting which lights the indicator light.  Continue until all position switches have been set.

The switches now provide an approximation of the amount of ice in the icebuilder.
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Figure 11 Ice Inventory Option

18 Ice Builder Performance

It is important for proper burn off in the ice builder to maintain an 8-degree rise from the chilled water outlet to the return inlet when under the full cooling load.  If there is a slight rise above this, a bypass valve can be cracked open to hold an 8-degree rise.  Ideal operation is with 34(F outlet temperature and 42(F return temperature.

However, if the rise is substantial, then the flow rate through the system is too low and the chilled water is allowed to pick up excess heat from the product.  Or if this occurs after the addition of equipment to be cooled to the system, the unit may be too small for the load required.  The proper flow rate is 10 gpm per 1000 lbs of ice

If, under full load, you cannot get the 8-degree rise then the flow rate needs to be adjusted lower to allow the chilled water to pick up the heat from the product.  However, if the return is only a 5 or 6 degree rise, it is NOT as critical as a rise that is higher than 8 degrees.  There will be less burn off which is not a problem, however it may be an indication that whatever heat exchanger you have is not performing at an optimum level.

Maintenance

19 Water Level

The water flow through the King Zeero Ice Builder Cabinet in general is horizontal along one side of the bottom half of the first coil, up and back along the top half of the coil.  The water then moves around the end of the coil and moves horizontally between two coils, down and back along the top between the same two coils.  It then moves around the end of the second coil and repeats this movement until the outlet is reached.  Water level should be adjusted so that the top pipes of the coils are covered when there is no ice in the unit but should never be so high as to flow over the plates to which the coils are welded.

Water level will need to be maintained over the life of the system.  Add or remove water as necessary to maintain the level described above.  See water treatment suggestions at the end of this manual.

20 Water Draining

Provisions for water draining is available via the supplied manual drain valve(s).  Regular drainage should be part of a Preventative Maintenance Program, but no more often than dictated by the condition of the water.  After draining, a thorough flushing should be done.  The unit may then be re-filled with potable water and sufficient rust preventative added to bring the pH up to 10-10.5.

NOTE ON GIRTON KING ZEERO CABINET SERIES

Do not confuse the refrigerant coil caps with the water drain caps.  The water drain caps are lower, closer to the cabinet wall, and between the coils.  Refrigerant coil caps should not be removed.
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Figure 12 Cabinet Drain Valve

21 Water pH

The pH of the cooling water should remain between 10 and 10.5.

Since many water supplies are “abnormal”, it is wise to check with a reliable local water treatment specialist, making certain to explain the operating conditions.  Basic chemicals such as soda ash do a good job and commercial products designed to protect metal surfaces by elevating the Ph to 11 or higher are fine as well.

No water conditioners that include chlorine should be used!

22 Freeze Up

Freezing the water passages shut on the King Zeero Ice Builder Cabinet is very unusual due to the built-in distance between the plates or coils.  It can occur, however, if the water level as mentioned in Water Level above is too high causing a short-circuiting of the water, or if the compressor is allowed to run several hours too long.  Freeze-up occurs first in the passages directly behind the passages closest to the ice water outlet.  Sometimes a freeze-up can be cleared by merely shutting off the compressor and circulating the water for a while; especially if the water is heated.  If this does not clear it, a hot water hose should be inserted into the frozen passages.

23 Refrigerant Level

Check the amount of refrigerant in the system periodically.  All direct expansion low-pressure systems should have a sight glass in the liquid line.  No bubbles should show in the sight glass.  If they do, add more refrigerant at once as ice will not build properly and the expansion valve stem and seat may become damaged.

24 Expansion Valves

The expansion valves are properly set at the factory and this setting should not be disturbed until all other possible causes of complaint have been thoroughly exhausted.  The suction from each coil must frost in order to be sure ice is forming at the bottom of the coils and not just on top.  The suction line will probably frost most of the way to the compressor but should not form on the cylinder walls.  Ideal conditions will allow frost to form on the flange connecting to the compressor but not on the compressor.  If frosting on the compressor occurs for more than a few minutes after compressor is started after shut down, check that liquid and suction lines are fastened together, or in very short lines a full size heat exchanger is being used, that two types of refrigerant are not in the system or that moisture in the valve is not holding it open, before changing the setting.  If the setting is changed it must not be changed more than 1/4 turn at a time with 10-15 minutes between 1/4 turns to check the effect of the change.

If suction lines are not frosting, check suction temperature to make sure the suction temperature is low enough to cause frosting that correct refrigerant is being used, that moisture in refrigerant is not blocking the expansion valve, that all strainers and dehydrators are open and that sufficient refrigerant is in the system.  Some compressors have a built-in suction strainer at the suction line connection.  Be sure to check this strainer if suction pressure is exceptionally low or too much time is required to build ice.
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Figure 13 Expansion Valves

Troubleshooting

25 Performance Issues

	Issue
	Cause
	Possible Solution

	Not Cooling Enough

	Water flow rate too low – Piping Obstruction
	Piping clogged
	Clear any obstructions in pump discharge

	
	Valve in incorrect position
	Locate valve and correct positioning

	
	Heat exchanger fouling
	Remove and descale or clean heat exchangers

	Water flow rate too low – Pump Problem
	Incorrect Rotation
	Check rotation of the water pump.  Correct wiring if necessary.

	
	Cavitation – Drawing Air
	Water level too low.  Add water per instructions.

	
	Cavitation – Too little head
	Design is incorrect.  Contact factory for options of re-design.

	
	Obstruction in Suction
	Clear any obstructions in pump suction

	
	Pump too small
	Design is incorrect.  Contact factory for options of re-design.

	Water flow rate too low – Cabinet Obstruction
	Coil plate bridging
	Increase water flow by installing a larger pump or a larger pump impeller.

	Water temperature too high – Line Losses
	Heat gain from piping
	Insulate all process piping to prevent heat gain

	Water temperature too high – Blending Device Problem
	Bypass valve not set correctly or malfunctioning
	Adjust valve to create correct return temperature

	Water temperature too high – Too Little Ice Produced
	Design Issue with abnormal load
	Design is incorrect.  Contact factory for options of re-design.

	
	Ice thickness setting incorrect
	Correct setting on ice builder control panel.

	
	Too little refrigerant
	See Section on Condensing Unit Issues below

	
	Too little water in cabinet
	Refill cabinet to appropriate level

	Water temperature too high – Not Enough Heat Transfer
	Flow short circuit through cabinet due to freeze up damage
	See Section on Cabinet Leaks below.

	Load flow rate too high
	Too much load for ice builder
	Design is incorrect.  Contact factory for options of re-design.

	Load temperature too high
	Too much load for ice builder
	Design is incorrect.  Contact factory for options of re-design.

	Cooling Too Much

Generally this condition does not occur since the sweet water temperature of 32 - 34°F is as low as can be achieved without additives and design is usually a narrow approach.

	Load flow rate too low
	Not enough load for ice builder
	Design is incorrect.  Contact factory for options of re-design.

	Load temperature too low
	Not enough load for ice builder
	Design is incorrect.  Contact factory for options of re-design.


Non-Performance Issues

	Issue
	Cause
	Possible Solution

	Water in cabinet is dirty
	Rust forming because of low pH
	Treat water with chemicals to raise pH to 10 – 10.5

Drain and flush cabinet if water is “muddy”

	
	Fill water for cabinet contains sediments
	Drain and flush cabinet if water is “muddy”

Add strainer to remove sediments prior to entering the cabinet

	Water pH is too low
	Improper Treatment
	Treat water with chemicals to raise pH to 10 – 10.5

	Water has high bacterial counts
	Improper Treatment
	Drain cabinet.

Treat with iodine or quaternary compounds by circulating through cabinet.

Thoroughly flush cabinet with fresh water.

Refill cabinet.

Treat water with chemicals to raise pH to 10 – 10.5

	Circulation pump is drawing air
	Water level in cabinet is low due to leak or evaporation
	Determine reason for water loss.

Add water to properly fill cabinet.

	
	Water flow through cabinet insufficient due to partial blockage.
	Locate blockage and thaw with hot water hose.

-or-

Melt down the entire unit. (Best practice to avoid irregularities in the ice formation)

	
	Water flow rate is too high causing cavitation
	Design is incorrect.  Contact factory for options of re-design.

	Cabinet is overflowing
	Water level too high
	Drain water to reach correct level

	
	Water flow through cabinet insufficient due to partial blockage.
	Locate blockage and thaw with hot water hose.

-or-

Melt down the entire unit. (Best practice to avoid irregularities in the ice formation)

	Imbalanced ice field in cabinet
	Slight imbalance
	This is normal

	
	Large imbalance – Water flow rate too low
	See Section on Water Flow Rate Issues above.

	
	Large imbalance – Not enough ice building
	See Section on Not Enough Ice Produced above.

	Cabinet has too much ice (not bulging)
	Ice Thickness Control setting is too high
	Change the Ice Thickness Control setting to match your actual load

	
	Ice Thickness Control failure
	See Section on Ice Thickness Control Problems below.

	
	Not enough load on ice builder
	Design is incorrect.  Contact factory for options of re-design.

	Cabinet has too much ice (bulge from freeze up)
	Ice Thickness Control setting is too high
	Change the Ice Thickness Control setting to match your actual load

	
	Ice Thickness Control failure
	See Section on Ice Thickness Control Problems below.

	
	Severe load fluctuation
	Design is incorrect.  Contact factory for options of re-design.

	Cabinet has condensation on exterior
	Indoor ambient humidity too high
	Air movement around cabinet needs to be increased and humidity needs to be maintained

	
	Too much freeze depressants resulting in tank temperature below design
	Correct water treatment to be within design considerations

	
	Cabinet insulation has become loosened or dislodged due to repeated freeze ups
	Re-insulate cabinet and prevent future freeze ups

	Cabinet has water leaks
	Freeze Up causing coil plate separation
	Locate the leak using the procedure below.

Correct the leak using the procedure below.

	
	Corrosion causing holes in cabinet walls
	Locate the leak using the procedure below.

Correct the leak using the procedure below.

	Cabinet has refrigerant leaks
	Deterioration of refrigerant coils
	Locate the leak using the procedure below.

Temporarily weld any leaks in the coils.

Prepare for imminent future leaks and for replacement of the unit.

	Cabinet has frost located in areas of refrigerant circuit – Liquid Header
	Shortage of refrigerant at unit
	Correct any malfunctioning liquid line solenoids or clogged strainers.

	Cabinet has frost located in areas of refrigerant circuit – Suction Header
	Shortage of refrigerant
	Correct refrigerant supply

	
	Thermal expansion valve superheat settings too high
	Adjust setting based on factory and/or manufacturer recommendation only!

	
	Insufficient high side capacity
	Design is incorrect.  Contact factory for options of re-design.

	Cabinet has frost located in areas of refrigerant circuit – Thermal Expansion Valves
	Frost halfway across body
	This is normal

	
	Frost across entire body due to clogged strainer
	Correct any clogged strainers.

	Condensing Unit – Not Running
	High pressure switch tripped
	Investigate condensing unit with condensing unit manual or factory advice.

	
	No power to unit
	Check electrical supply breakers and/or fuses.

	
	Internal overloads tripped
	Wait for unit to cool down and then identify cause of overload.

	Condensing Unit – High Head Pressure
	Load conditions too high
	Design is incorrect.  Contact factory for options of re-design.

	
	Too much refrigerant in system - backing up into condenser, reducing condensing surface.
	Contact refrigeration contractor for resolution

	
	Evaporator feed device(s) malfunctioning
	Contact refrigeration contractor for resolution

	
	Condenser fouled
	Contact refrigeration contractor for resolution

	
	Condenser cooling media (air or water) not available in sufficient quantities
	Contact refrigeration contractor for resolution

	
	Condenser cooling media not available at a low enough temperature
	Contact refrigeration contractor for resolution

	
	Plugged liquid line
	Contact refrigeration contractor for resolution

	
	Plugged discharge line or too small
	Contact refrigeration contractor for resolution

	Condensing Unit – Low Suction Pressure
	Compressor (Condenser) too large
	Contact refrigeration contractor for resolution

	
	Plugged suction line
	Contact refrigeration contractor for resolution

	
	Evaporator oil-logged
	Contact refrigeration contractor for resolution

	
	Low on refrigerant
	Contact refrigeration contractor for resolution

	
	Refrigerant metering device(s) malfunctioning
	Contact refrigeration contractor for resolution

	Condensing Unit – High Suction Pressure
	Compressor/Condenser too small
	Contact refrigeration contractor for resolution

	
	Load too high
	Contact refrigeration contractor for resolution

	
	Load too high
	Contact refrigeration contractor for resolution

	Condensing Unit – Compressor Cycling
	Suction blockage-cycling on load pressure cut-out
	Contact refrigeration contractor for resolution

	
	Not sufficient compressor cooling - cycling on compressor motor thermal overloads
	Contact refrigeration contractor for resolution

	Condensing Unit – Compressor Noisy
	Deteriorating internal components
	Contact refrigeration contractor for resolution

	
	Refrigerant flood-back (liquid combined in suction vapors.)
	Contact refrigeration contractor for resolution

	Ice Thickness Control – Always calling for ice
	Ice thickness probe shorted
	Correct or replace ice thickness probe

	
	Ice thickness sensor relay failed
	Replace ice thickness sensor relay

	
	Ice thickness control relay failed
	Replace ice thickness control relay

	
	Ice thickness override keyswitch in On position
	Correct keyswitch position

	Ice Thickness Control – Never calling for ice
	Ice thickness probe open circuit
	Correct or replace ice thickness probe

	
	Ice thickness sensor relay failed
	Replace ice thickness sensor relay

	
	Ice thickness control relay failed
	Replace ice thickness control relay


Locating Cabinet Water Leaks

1. Do not depend on the leak being near the point at which the water is exiting. The water may be running between the tank and the insulation or the insulation and the outer sheathing.

2. Allow water to leak out, without adding more, until the level stops dropping.  This, then, is the height of the leak.

3. With a strong light, examine the tank wall surfaces at the water level for visible evidence of the fault.  If the tank walls are partly corroded, this could be anywhere and difficult to spot.  If tank walls are not badly corroded, the suspect areas would be adjacent to a weld seam or stitch, cracking by flexing from freeze-ups.

4. In cabinet units, if the water level is below the horizontal counter plate, only a small area to the rear of the center plate will be visible.

5. If there is no visible fracture or hole, it will be necessary to start removing outer sheathing and insulation a bit at a time at the level of the leak until the failure is found.

26 Correcting Cabinet Water Leaks

1. Drain additional water from the tank so that tank surfaces may dry.

2. If the base metal seems solid, weld crack or hole as with any steel repair.  Carry the weld beyond the apparent leak.

3. If base metal is seen as marginal, cut a 3/16” or 7 gauge piece large enough to cover the questionable areas plus over-lap. Weld on all four sides.

4. Raise the water level above the area of repair and check to make sure repair was successful.

5. Re-insulate using 2” thick polystyrene board or loose fill if exposed area is small.  Use adhesive recommended by the source of the insulation.  Cover insulation with sheathing, over-lapping about an inch and securing with stainless steel tapping screws.

Water Treatment

AFCO

WATER CONDITIONER & RUST INHIBITOR

# 3384E

3384E Sequestering agents control scale formation on cooling plates, tubes, tanks, and pipelines when used in sweet water systems.

Easy To Use.

A white, granular, free-flowing product, 3384E is completely soluble and rinses freely.

Safe On Metals.

3384E is safe on ferrous and non-ferrous metals, will not harm tin, attack aluminum fittings, galvanized metal, brass pump impeller, and other soft metal parts including those of copper and bronze.

Sweet Water Systems.

3384E is excellent for treating sweet water systems, protects against rust and scale formation, assuring more uniform heat transfer, reducing the overload on refrigeration equipment.  By raising the pH of the water, 3384E eliminates acid water conditions, preventing corrosion.  3384E also retards corrosive action of dissolved carbon dioxide, oxygen, and other atmospheric gases.

Treating Sweet Water Tanks.

3384E is excellent for preventing corrosion in sweet water-cooling systems.  When properly treated with 3384E, there is no rust formation on the waterside of the cooling plates.

The water in the sweet water system should be maintained at a pH of 11 or higher.  It is suggested that on the original treatment, one pound of 3384E for 100 gallons of sweet water be dissolved and added to the sweet water system.  After being allowed to mix for about a day, the pH should be checked.  If the pH is not up to 11, add sufficient pre-dissolved 3384E to raise the pH to this point.  Check pH weekly.

Packaging.

Packed in 50-pound boxes.

Distributed by AFCO.

Alex C. Fergusson Inc.

5000 Letterkenny Road

Chambersburg, PA 17201

Phone:  (800) 345-1329

Fax:  (717) 264-9182
AFCO

WATER CONDITIONER & RUST INHIBITOR

# 5253

5253 Inhibited alkaline liquid controls scale formation on cooling plates, tubes, tanks, and pipelines when used in sweet water systems.

Easy To Use.

A clear, light amber liquid, product 5253 is completely soluble and rinses freely.

Safe On Metals.

5253 is safe on ferrous and non-ferrous metals, will not harm tin, attack aluminum fittings, galvanized metal, brass pump impellers, and other soft metal parts including those of copper and bronze.

Sweet Water Systems.

5253 is excellent for treating sweet water systems, protects against rust and scale formation, assuring more uniform heat transfer, reducing the overload on refrigeration equipment.  By raising the pH of the water, 5253 eliminates acid water conditions, preventing corrosion.  5253 also retards corrosive action of dissolved carbon dioxide, oxygen, and other atmospheric gases.  5253 when maintained at a pH of 11.5 or higher inhibits bacterial growth. 

Treating Sweet Water Tanks.

5253 is excellent for preventing corrosion in sweet water-cooling systems.  When properly treated with 5253, there is no rust formation on the water side of the cooling plates.

The water in the sweet water system should be maintained at a pH of 11.5 or higher (1%).  It is suggested that on the original treatment, one gallon of 5253 for 100 gallons of sweet water be dissolved and added to the sweet water system.  After being allowed to mix for about a day, the pH should be checked.  If the pH is not up to 11.5, add sufficient 5253 to raise the pH to this point.  Check pH weekly.

Packaging.

Packed in 5-gallon pails or 55-gallon drums.

Distributed by AFCO.

Alex C. Fergusson Inc.

5000 Letterkenny Road

Chambersburg, PA 17201

Phone:  (800) 345-1329

Fax:  (717) 264-9182

Warranty

Girton Manufacturing Company, Inc. warrants equipment of original manufacture against defects in workmanship and material for a period of one year from date of shipment.  Provided, however, the equipment has been operated under normal working conditions for such said equipment, that it has been properly serviced and cared for, and that no adjustments have been made by unauthorized personnel that could adversely affect the operation or life of the equipment.

Girton Manufacturing Company, Inc. will replace or repair defective merchandise at its plant, FOB Millville, PA, if after inspection, the equipment or components of Girton manufacture are defective.

Girton Manufacturing Company, Inc extends to its customers on all purchased component parts the warranty of the supplier of such said parts.

No expense, liability or responsibility will be assumed by Girton for repairs made outside Girton's factory, without written authority from Girton Manufacturing Co., Inc.

EXCLUSION OF OTHER WARRANTIES AND LIMITATIONS OF LIABILITIES FOR DAMAGE

The foregoing warranty excludes all other warranties, guaranties, and/or representations, whether expressed, implied, or oral, INCLUDING, BUT NOT LIMITED TO, ALL CONDITIONS AND EXCLUSIONS OF IMPLIED WARRANTY OF MERCHANTABILITY AND/OR FITNESS FOR THE PURPOSE, and the warrantor's liability for any direct damage arising from a legally proven breach of the warranty hereby extended is limited to the customer's invoice cost of the goods warranted.

DISCLAIMER OF CONSEQUENTIAL DAMAGES LIABILITY

The Girton Manufacturing Company, Inc. shall not be liable for consequential damages of any kind, including incidental labor or other costs.

REPLACEMENT PARTS

Girton Manufacturing Company, Inc. stocks a supply of commonly used replacement parts for a period of twelve years from date of shipment of original equipment.  Any unusual repair parts will be manufactured as time permits for a period of twelve years following shipment date of equipment.

RETURNED MERCHANDISE

Items may not be returned without written permission from Girton Manufacturing Company, Inc.

A buyer, who for reasons of his own wishes to return equipment or components, if unused, to the factory will pay a restocking charge, to be agreed upon before return.

Girton Manufacturing Company, Inc. reserves the right to inspect the returned merchandise and determine proper disposition.  All returned merchandise must be returned prepaid to the Girton factory.

DAMAGED DURING SHIPMENT

Equipment must be inspected by the customer immediately upon receipt by him for damages arising during transit.  Any claims involved must be made promptly and directly with the carrier.  The customer assumes responsibility for loss or damage of parcel post shipments unless he has specified that it be insured. Girton Manufacturing Company, Inc. cannot be responsible for damages in transit.

FIELD SERVICE

Girton Manufacturing Company, Inc. maintains a competent field service force available to our customers.  Arrangements should be made well in advance for this service.  Dealers and contractors must have their representative accompany Girton field service personnel on all service for their customers.

CANCELLATION

Any order on which work has been started may be canceled only by consent of Girton Manufacturing Company, Inc. and by agreement on the part of the purchaser to cover whatever cost has been incurred, if any, to the date of cancellation, including engineering, administration, materials purchased, labor and overhead expended.

SPECIAL EQUIPMENT

Any equipment not regularly catalogued, but built to customer's specifications or requirements, cannot be returned for credit.
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