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The air side evaporators for cold storage and frozen food are unit coolers and product 
coolers. Bare pipe coil was used in the old days and is rarely being used for modern 
cold storage installation because of poor efficiency. The construction of unit cooler or 
product cooler is basically consists of fan assembly, coil assembly, drain pan, casing 
and defrosting accessories, if any.   
 
The coil is usually rated for either ammonia or halocarbon if coil is constructed with 
steel or aluminum; however, the coil is only good for halocarbon refrigerant if it is 
constructed with copper.  
 
Brine capacity rating is available from the cooler manufacturer; information needed 
for brine selection shall be type of brine, percent by wt. concentration, in and out 
temperatures, flow rate in GPM, room design temperature and cooling capacity.   
 
Unit Cooler: 
 
Unit cooler is generally referred to the units which are with smaller coil; it is used for 
smaller cold storage room application. Most unit Coolers are Ceiling Mounted design 
as shown in Figure 27-1. Most ceiling mounted units are designed for rear air inlet, 
front air discharge. Figure 27-2 shows the typical unit cooler with multiple fans. 
Figure 27-3 shows the typical capacity ratings and physical data of the unit coolers. 
Most unit coolers are with propeller fans; units are available for air, water or hot gas 
defrosting application. Units are mostly with ¾” OD coil; coil material is aluminum, 
copper or steel. Fins are 3 or 4 F.P.I.  
 
Product Cooler: 
 
Product cooler generally refers to the units with larger coil for larger capacity; for 
large cold storage, blast freezing or wind tunnel application. Product coolers have 
ceiling or floor mounted models. Figure 27-4 is a typical Ceiling Mounting Unit with 
horizontal rear air inlet, horizontal front air discharge arrangement; Figure 27-5 is a 
typical Floor Mounting Unit with front horizontal air inlet, horizontal front air 
discharge. Other discharge and inlet orientations are available for ceiling or floor 
mounting product units.   
 
Figure 27-6 is the table for typical capacities and physical data for the product coolers. 
The units are with ¾” OD, 4 FPI steel coils. Other options for product coolers are 
such 1” OD coils; aluminum or copper coil material. 
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Most product coolers are with centrifugal or vane axial fan instead of propeller fans. 
 
Performance of Unit Cooler and Product Cooler: 
 
Capacity ratings of unit cooler and product coolers are similar, both are rated on  
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Btu/Hr per ˚F of TD. TD is the temperature difference between the cold room design 
temperature and the coil design evaporative temperature.  
 
An example for a product cooler selection is shown as the following: 
 
 Cooling capacity:     123,000 Btu/hr.  
 Evaporative temperature:  12°F. 
 Room temperature:    20°F. 
 Refrigerant:     Ammonia. 
 Refrigerant feed:    Liquid recirculation. 
 Coil fins spacing:    4 FPI.  
 
 Design TD = °F Diff = Room Design Temp. – ET (Evaporative Temperature) 
 
   Room Design Temperature = 20°F 
   ET = 12°F 
      
    TD = 20 – 12 = 8°F 
 
 
                                 123,000 Btu/Hr 
 Btu/Hr per ˚F of TD required =  -----------------------  = 15,375 Btu/Hr per ˚F 
                                      8 
 
 
 See Figure 27-6, the typical capacity rating for the product cooler, the product 

cooler model CF-388, 8-row deep coil, 4 FPI for ammonia liquid recirculation is 
rated at 15,750 Btu/hr./°F TD.  

 
 The capacity of model CF-388 is 15,750 x 8 = 126,000 Btu/Hr, which is larger 

than the capacity specified. Therefore, the product cooler model CF-388 is 
selected.  

 
From the typical ratings for unit coolers and product coolers shown in Figures 27-2 
and 27-6, the capacity for a unit with DX refrigerant feed is lower than flooded or 
liquid recirculation refrigerant feed, because the heat transfer of a DX coil is less 
efficient than the coil for flooded or liquid recirculation. 
 
 
Coil Fins Spacing: 
 
The coil fins spacing for cooler is usually 3 or 4 FPI. A 6 FPI coil only can be used for 
room temperature above 50˚F with ET not lower than 40˚F. The coil can be 
constructed for vari-fin for low temperature application. Vari-fin is to use different fin 
spacing for the coil, that is to use less fins per inch for entering air side of the coil 
where heavier frost build-up is likely. For example, an 8-row 4 FPI coil to use 2 FPI 
on air entering two rows and remaining 6 rows to be 4 FPI. Some units are even 
available with 1.5 FPI vari-fin spacing option. The capacity of the vari-fin coil should 
be corrected in accordance with the manufacturer’s recommendation. Other typical 
capacity corrections for vari-fin are shown in Table 27.1. 
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    Table 27.1 Capacity Correction Factor for Vari-fin 

 FPI of 2  
 Rows of 
Entering Air  

 FPI for 
Remaining  
  Rows 

         Capacity Correction Factors 
     Coil Rows Deep Multiply to Rating 
 6-Row  8 Rows 10 Rows 

 1.5 FPI   3 FPI   0.88  0.90  0.91  3 FPI Rating 
 2 FPI   4 FPI   0.88  0.90  0.91  4 FPI Rating 
 3 FPI   4 FPI   0.92  0.93  0.94  4 FPI Rating 

 
 
Cooler Capacity Correction for Low Temperature Application: 
 
The coil capacity should be also corrected in accordance with manufacturer’s 
recommendation for low temperature application. It is suggested not to use DX feed 
for evaporative temperature below 0˚F. The capacity of the cooler should be corrected 
if the CFM flow is changed because of 60 Hz for 50 Hz application, if applicable.  
 
Wind Tunnel and Blast Freezers: 
 
Product cooler might not meet the requirements of wind tunnel or blast freezer or for 
IQF and Spiral Freezers, because the fan and coil for product cooler are mostly fix 
designed for general cold storage application, therefore, for wind tunnel or blast 
freezing application, the fan, CFM flow, external static pressure for the fan and coil 
capacity are to be specially selected for specific installation. 
 
The Relationship between Room Relative Humidity & Design TD for 
Cold Storage: 
 
The refrigeration capacity for a unit cooler or product cooler is higher at larger TD. 
Therefore, the cooler size is smaller if the TD is larger for same refrigeration capacity. 
On the other hand, smaller TD requires large size cooler. The cost for smaller size 
cooler is cheaper; but the refrigeration equipment could be more expensive and the 
power consumption will be higher, because larger TD requires lower ET for the same 
room design temperature. Therefore, the initial cost of the cooler should be balanced 
out with the refrigeration equipment and the power consumption if no restriction on 
TD. 
 
The TD should be carefully considered, if the room relative humidity is important for 
the cold storage room, because the humidity in the room is closely related to the TD. 
Table 27.2 is the approximate relationship between the room humidity and the design 
TD: 
 
       Table 27.2 Design TD vs Room Humidity 

  Room Humidity, %RH      Design TD 
  80% to 90%RH     2°F to 3°F 
  70% to 90% RH     3°F to 6°F 
  50% to 70% RH     6°F to 10°F 
  40% to 50% RH    10°F to 14°F  
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Defrosting Systems: 
 
All the coolers used for cold storage have frost problem, because most cold storage 
room temperatures are below freezing. Frost accumulated on the cooler coil is 
harmful to the refrigeration, because the frost build-up decreases the heat transfer 
efficiency and dampers the air flow through the coil. Therefore, the ice built-up on the 
coil must be defrosted periodically, if the cooler is operated in a cold room which the 
room design temperature is below 34°F. The defrosting function is preferred to be 
fully automatic.  
 
Several defrosting methods which are commonly used for the ice removal are as the 
following: 
 

(a) Air Defrost. 
(b) Electric Defrost. 
(c) Water Defrost. 
(d) Hot Gas Defrost. 
(e) Combination of Water and Hot Gas Defrost. 

 
The followings are the general considerations for defrosting arrangement: 
 
1) The method of defrosting under consideration should be compatible with the 

refrigeration system being designed; the initial cost, power consumption, 
operating and maintenance costs should also be optimized and evaluated.   

 
2) The defrosting period should be as short as possible to minimize the temperature 

rise in the refrigerated space no matter what type of defrosting method is used.  
 
3) The defrost system should be simple to operate.  
 
4) It is very important that the drain line should be pitched from the cooler unit; the 

pitch slope should have 3 to 4 inches per foot. A trap should be provided and 
located outside from the refrigerated space.  

 
5) Defrost all coils in a room at one time, wherever is possible.  
 
6) When all coils in one room are not defrosted at one time, the drain from the coil 

or group of coils being defrosted should be brought out of the room as soon as 
possible and trapped before becoming common with other drains from the same 
room.  

 
7) The drain line inside of the refrigerated space should be wrapped with a heat 

tape. 
 
8) The refrigeration system design should provide maximum protection against 

liquid carryover to the compressor suction; particularly defrost system for DX 
and flooded coils.  
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Air Defrost System: 
 
Air defrost may be used for cold storage rooms with design room temperatures not 
lower than 40°F. 
 
The operation principle is when air defrosting cycle starts; the liquid and suction line 
solenoid valves are closed. The evaporator fans continue to run. The room air of 40°F 
or higher flows over the coil melting the frost on the coil; the defrosted water drops 
into the drain pan of the cooler. It is suggested to use a defrost relief regulating valve 
with the suction line solenoid valve and a trap at the suction before the compressor 
suction if refrigerant feed is DX.  
 
 
Electric Defrost System: 
 
Electric defrost is to place an electric heater network in the coil evaporator assembly. 
The electric heater is to heat up the entire coil to melt the frosted ice on the coil. 
Electric heaters are provided for the drain pans and drain lines. Drain pan and drain 
line are heated during defrost. Electric defrost system requires a longer defrost time 
and higher energy consumption than the hot gas or water defrost method. 
 
Figure 27-7 shows the typical piping arrangement for direct expansion cooler with 
electric defrost arrangement. During the cooling cycle, the fans are on; the suction 
solenoid valve (SSV) and the liquid solenoid valve (LSV) are open. When the unit is 
activated for defrost cycle; the unit defrost door is closed; the liquid solenoid valve 
(LSV) and suction solenoid valve (SSV) are closed; the electric heaters are energized. 
If the refrigerant pressure built-up in the coil is relieved through the defrost relief 
regulator (DRR). When the time of defrosting is over, the heater is de-energized, 
solenoid valves are opened. The fan is to be turned on until all the water drained out 
from the cooler. A suction accumulator is recommended to prevent liquid lug over to 
compressor suction.  
 
 
Water Defrost System: 
 
Figure 27-8 is the typical water defrosting piping system for a direct expansion cooler. 
Water defrost method is an effective way of defrosting. Water defrost unit is equipped 
with water spray heads above the coil. The water spray over the coil melts the ice off 
the coil. The water spray rate is approximately about 3 gpm per squire foot of coil 
face area for a 5 to 15 minutes period. 
 
During the cooling cycle, the fans are on; the suction solenoid valve (SSV) and the 
liquid solenoid valve (LSV) are open; water solenoid valve (WSV) is closed. When 
the unit is activated for defrost cycle; the fans are off; the liquid solenoid valve (LSV) 
and suction solenoid valve (SSV) are closed; the water solenoid valve (WSV) is 
energized, the water spray over the coil melts the ice on the coil. The refrigerant 
pressure in the coil is relieved through the defrost relief regulator (DRR). When the 
time of defrosting is over, the water solenoid valve (WSV) is de-energized. The fan is 
turned on after all the water drained out from the cooler. A suction accumulator is 
recommended to prevent liquid lug over to compressor suction.  
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Water defrost is effective and it is economically to install. But, water defrosting 
system has some disadvantages where they apply: 
 
A. Water temperature must be maintained above 60°F. 
 
B. Sand, scale and other impurities in the water sometimes cause the water solenoid 

valves to stick open, causing the room to be flooded.  
 
C. If unit is used for room below freezing, the cooler unit must be perfectly level. If 

it is not, the water distribution header within the unit might not completely drain.  
 
 
Air and Water Defrosting for Liquid Recirculation System: 
 
Figure 27-9 shows the typical air defrost for liquid recirculation system. No separate 
suction trap is necessary; because liquid recirculation receiver serves as the suction 
accumulator (See Figure 27-11).   
 
Figure 27-10 shows the typical water defrost for liquid recirculation system. No 
separate suction trap is necessary; because liquid recirculation receiver serves as the 
suction accumulator (See Figure 27-11). 
 
 
Hot Gas Defrosting Systems: 
 
Hot gas defrost is to apply the hot gas from the compressor discharge directly to the 
evaporator coil and the drain pan. Heat for defrosting is mainly from the latent heat of 
the compressed vapor, the vapor is condensed in the coil. This condensed liquid must 
be returned to somewhere, either to an oversized surge drum for flooded cooler; a 
suction trap for DX system or back to liquid recirculation receiver. 
 
Liquid recirculation system is best suitable for hot gas defrosting application. Figure 
27-11 shows a typical liquid recirculation piping with hot gas defrost. The vapor is 
supplied to coil and drain pan, heat of the gas melts the frost on the coil, the vapor is 
condensed in the coil; the liquid flows through suction pressure regulating valve and 
back to the liquid recirculation receiver via the suction piping line. 
 
If the refrigerant feed is direct expansion instead of liquid recirculation, a suction trap 
before the compressor suction is to prevent liquid slug back to compressor. If the 
refrigerant feed is flooded, the surge drum should be sized large enough to prevent the 
liquid slug over during hot gas defrost cycle.    
 
Hot Gas Defrosting for Flooded Cooler: 
 
Figure 27-12 shows a typical flooded evaporator using hot gas defrosting. In this case, 
the surge drum of the flooded cooler is used to accumulate the condensed liquid, 
providing that the surge drum is sized large enough for this purpose. The sequence of 
operation is as the following: 
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REFRIGERATION CYCLE – The fans are on, the liquid from receiver flows into the 
surge drum through the liquid line valve (LLV) which is controlled by the liquid level 
controller (LC); the pilot solenoid valve (PSV), hot gas solenoid valve (HGS) and the 
defrost relief regulator (DRR) are closed. The liquid line check valve (LLCV) and gas 
line check valve (GLCV) are open. Suction gas returns to compressor suction through 
the back pressure regulator (BPR). 
 
DEFROST CYCLE – The fans are off, the liquid line valve (LLV) is closed; the pilot 
solenoid valve (PSV), hot gas solenoid valve (HGS) and the defrost relief regulator 
(DRR) are open. The liquid line check valve (LLCV) and gas line check valve 
(GLCV) are closed. The hot gas flows through the drain pan coil and to the coil of the 
evaporator to defrost the ice on the coil. The hot gas is condensed inside of the coil, 
the liquid condensate flows to surge drum through defrost relief regulator (DRR). The 
defrost relief valve is to be set to a 70 psig back pressure in case of ammonia on the 
coil during defrost cycle; the hot gas pressure for the defrosting should be at least 110 
psig.  
 
 
Hot Gas Defrosting for Liquid Recirculation Evaporator: 
 
Figure 27-13 shows a typical piping system for hot gas defrosting liquid recirculation 
evaporator.  
 
REFRIGERATION CYCLE – Fans are on, liquid line solenoid valve (LLSV) and 
suction shut valve (SSV) are open, defrost regulating valve (DRV) and hot gas 
solenoid valve (HGSV) are closed. 
 
DEFROSTING CYCLE – Fans are off, liquid line solenoid valve (LLSV) and suction 
shut valve (SSV) are closed, defrost regulating valve (DRV) and hot gas solenoid 
valve (HGSV) are open. The hot gas flows through the drain pan coil and to the coil 
of the evaporator to defrost the ice on the coil. The hot gas is condensed inside of the 
coil, the liquid condensate flows through suction line back to liquid recirculation 
receiver through defrost relief valve (DRV).    
 
 
Top Feed or Bottom Feed for Liquid Recirculation Coil: 
 
Figure 27-14 shows a product cooler with liquid recirculation coil. The coil has two 
headers, inlet and outlet. The inlet header feeds number of tubes; the tubes are routed 
back and forth through the length of the evaporator. Each tube passage, from liquid 
header to the suction heater; this tube passage is called circuit. If the refrigerant liquid 
is unevenly distributed the circuits, due to pressure differences, the liquid usually 
“starves” the top circuits of the coil. There, orifices should be inserted into the tube 
openings in the liquid header to resolve this problem as shown in Figure 27-15. 
 
Figure 27-15 also shows “Top Feed” and “Bottom Feed” arrangements for the liquid 
recirculation coil. There is no definite conclusion as which one method is better than 
the other.   



 - 388 - 

 
 
 
 

 
 



 - 389 - 

 
Data Required for Product Cooler or Unit Cooler Selection: 
 
 - Refrigeration capacity, Btu/Hr.  
 - Room design temperature. 
 - Evaporative temperature. 
 - Refrigerant. 
 - DX, Flooded, Liquid Recirculation or Brine.  
 - Coil material. 
 - Coil FPI. 3, 4, or 6 FPI. 
 - Vari-fin application. 
 - Type of fan and motor, power supply. 
 - Type of defrosting. 
 - Other options.  
 
Liquid Spray No-Frost Cooler: 
 
The liquid spray no-frost cooler is to use a brine solution such as propylene glycol or 
ethylene glycol, the brine is spray continuously over the evaporator coil to keep the 
coil from frosting. But, this type of spray cooler is not widely used for modern cold 
storage facilities except that the brine solution is Lithium Chloride (LiCL) or 
Tri-Ethylene Glycol (TEG) for hygienic applications. 
 
The liquid spray no-frost cooler system consists of two sections as shown in Figure 
27-16. The No-Frost evaporator section is to be located inside the cold room or 
outside of the cold room connected with supply and return air ducts. The Solution 
Concentrator or Regenerator section is to be located outdoor.  
 
The no-frost cooler section consists of the fan assembly, the refrigeration coil, pump 
and spray assembly, eliminator assembly and the casing with solution sump. No-frost 
liquid or brine solution is pumped and sprayed over the evaporator coil; the cooler fan 
circulates the air from the refrigerated space through the coil, the eliminator and back 
to the cold storage area. The no-frost liquid solution washes the frost on the coil 
surface continuously. The no-frost liquid solution then becomes diluted and is 
pumped to the solution concentrator which is located at the outdoor.  
 
The Solution Concentrator (or regenerator) section consists of fan assembly, the 
heating coil, pump and spray assembly, eliminator assembly and the casing. The 
diluted solution from the no-frost cooler is pumped to the solution concentrator 
through a heat recovery heat exchanger. The diluted solution is sprayed in the 
regeneration section where excessive moisture is evaporated from the liquid mixture 
by circulating outside air and also with supplement heat from a heating coil, if needed. 
The enriched and regenerated solution is then circulated through the heat recovery 
heat exchanger, back to the no-frost cooler.  
 
Hygienic No-Frost Coolers: 
 
The operation theory for the hygienic no-frost cooler is same as shown in Figure 
27-16. Hygienic no-frost cooler is used for those installations where sterilization is 
required.  
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The hygienic type no-frost cooler removes airborne mold spores, bacteria, particles, 
germs and micro-organism. Therefore, the hygienic no-frost cooler is mostly used for 
food processing, breweries and hospital rooms, etc. Also, it might be used for area that 
great amount of washing such as aging and fermenting tank in brewery or area 
produces extremely high latent loads; it also use for meat packing, food processing 
plants, food distribution centers, frozen food warehouse, chemical plants and 
laboratories.  
 
There are basically two types of liquid absorbents used for no-frost hygienic 
application, Lithium Chloride (LiCL) and Tri-Ethylene Glycol (TEG). Lithium 
Chloride (LiCL) is a corrosive and toxic material, therefore, the eliminator efficiency 
must be very good for this type of solution. On the other hand, Tri-Ethylene Glycol is 
a non-toxic and non-corrosive material; it meets the approval of USDA and CFIA for 
use with food grade application.   
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