Tech Advice #10: Solving Case Sweating Problems
      ZZ/CCR 8/96

One of a series of publications for technicians requesting technical info from Zero Zone 

Overview

Sweating on the outside of a freezer/cooler occurs when the surface temperature of the case falls below the dewpoint temperature of the room air around the case.  This is the same occurrence as the outside of a glass containing a cold drink sweating on a humid summer day.  A proper diagnosis may be time-consuming but need not be difficult.

First step: verify power to the anti-sweat heaters and reasonable heater amp draw
The most common cause of sweating is an electrical component failure.  On Zero Zone freezers, the anti-sweat heater circuit may be interrupted by a Klixon thermostat (freezers only), a contactor or by the circuit breaker at the circuit panel for that area of the store.  Some stores also use energy-saving controllers to cycle the heaters on and off.  The Klixon is attached to a return bend at the right end of the evaporator coil.  It should be closed anytime the evaporator is below +5(F.  Similar Klixons control the fans and lights, so energized fans and lights normally means all the Klixons should be closed.  The contactor (optional on older units, standard on new) is located in the electrical box behind the right end of the kickpanel at the bottom front of the case.  This electrical box is a good spot to take amperage  and voltage readings. The connection where the 120V (6V power goes from the frame to the door is also a convenient place to check voltage.  As you know, the store circuit breaker can be difficult to locate and may not be labeled clearly.  Beware of heaters, controls or connections that lose continuity when load is applied.  Also beware of heaters that short to ground if they have a burned section.
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CAUTION: If you measure live circuits while diagnosing heater problems, use extreme caution to avoid shocks -- electrical shocks can result in injury or death.

If there is voltage present to the heaters, but insufficient amperage draw: look for a failed heater.  A common cause of localized sweating of door components, “burned-out” heaters are easily diagnosed.  Check for amp draw of heater circuits and compare to nameplate ratings.  Visually inspect heaters to verify a “burned-out” diagnosis.  If you will be ordering replacement heaters, record the Zero Zone model and serial numbers plus the model and serial numbers of the Anthony, Ardco or Commercial doorset.

If you have verified that all the heaters are drawing amperage and you still have a sweating problem, the diagnosis becomes more sophisticated.  The proper diagnosis involves electrical principles as well as thermodynamic principles.

Of key interest are the case surface temperature and room air dewpoint temperature.
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Often, a combination of factors cause the onset of sweating.

The next step of your diagnosis (you can measure dewpoint without a psychrometer!)
If the cause of sweating is not obvious, quickly gather as much information as possible:

1. Where is the sweating observed?  Is it one door, or several cases?  A little or a lot?

2. What is the dewpoint of the room air near the sweating site?  Use a psychrometer if you have one (beware: wet bulb is not the same as dewpoint).  Otherwise, use a bare thermocouple lead to measure the surface temperature at the edge of the sweating area (see below).  This is the dewpoint.

3. What is the surface temperature of the case at the center of the sweating site?  Use a bare thermocouple lead (without permagum or insulation) by touching the sweating area to measure the “skin” temperature where the surface of the case meets the air (see figure at right and instructions below).




     edge of area



     area of sweating




     Outside surface of freezer

The importance of measuring case surface temperature

Surface temperature of the case must be warmer than the dewpoint temperature of the store air to prevent sweating.  Zero Zone cases are designed to be free of sweating at ambient conditions of 75(F and 55% relative humidity.  At 75(F, 55%RH, the designed surface temperature of the case is 58(F or greater.  If the store is colder, the surface temperature of the case is also colder.  Colder surfaces are more likely to sweat.  In other words, the freezer/cooler relies on the room air to warm its surface to avoid sweat.  If the surface temperature of the sweating area is above 58(F: store humidity is a problem (at least a part of the sweating problem).  Store managers may be reluctant to believe humidity is a problem if the store is air-conditioned.  If you focus on the key issues of dewpoint and surface temperatures, your diagnosis may be better received.
    How to measure case surface temperatures

Surface temperature measurements are quick and simple to make.  Use a bare thermocouple lead (one without any casing or sheath) held at the surface that is sweating (see figure at right).  Unlike superheat readings, you only measure the surface temperature.     The thermocouple should touch          the surface, but do not use the usual permagum insulation since you wish    to read undisturbed “skin” temperature.  

Surface temperature readings quickly provide the required information           for a proper diagnosis.






         thermometer










    Bare thermocouple lead

Next, measure the store ambient (room air) temperature and proceed to the next page.
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The next step: determining which factors are responsible for the sweating
So far, you have measured dewpoint, surface temperature (at area of sweating) and store ambient temperature.  When dealing with sweating problems, it is of key importance to at least identify all the contributing factors.  If you take a “short-cut” by failing to consider any single contributing factor, you risk making the wrong diagnosis.  It is worthwhile to take a little extra time when solving case sweating problems (“do it right or do it over”).  Accordingly, answer all of the following five questions (answer each question, then proceed to the next question):

· Is the voltage to the heater circuit lower than it should be?

· Is the store too cold?

· Is the store too humid?

· Is the interior of the case colder than it should be?

· Is the surface of the case colder than it should be?

Is the voltage to the heater circuit lower than it should be? (yes or no)

If the voltage to the anti-sweat heaters is below 114V and the case is sweating in the vicinity of the anti-sweat heaters, then the voltage to the heater circuit is lower than it should be.  If so, this is one contributing factor.  So far you have the answer to your first “yes or no” question.  Proceed to the next “yes or no” question.
Is the store too cold? (yes or no)

If the store is colder than 70(F and the case is sweating, then the store is too cold. In other words, the store must be warmer to meet the design conditions of the case. For example, this can be caused by air conditioning, open coolers across the aisle – or other cold drafts – making the aisle too cold. Proceed to the next “yes or no” question.

Is the store too humid? (yes or no)

If the dewpoint of the store is above 58(F (or RH is above 55%) and the case is sweating, then the store is too humid.  Proceed to the next “yes or no” question.
Is the interior of the case colder than it should be? (yes or no)

If the case contains ice cream and is colder than -15(F and is sweating, then 

the interior of the case is colder than it should be.

If the case contains frozen food and is colder than -10(F and is sweating, then 

the interior of the case is colder than it should be.  Proceed to the next question.
Is the surface of the case colder than it should be?  (yes or no)

The surface temperature of the case is designed to be 58(F or above in a 75(F store.

If the surface temperature of the case is over 58(F, the answer to this question is “no”.

If the surface temperature of the case is below 58(F, the answer to this question depends on store temperature and case (interior) temperature.  Use Table 1 on the following page to determine the minimum allowable case surface temperature.  If this temperature is greater than the actual surface temperature you have measured, then 

the surface of the case is colder than it should be.
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Table 1: Minimum Allowable Case Surface Temperature as a function of ambient & case temperature
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Again, if the actual case surface temperature is warmer than the minimum allowable case temperature, the surface of the case is no colder than it was designed to be, and the answer to this question is “no”.  Otherwise, the answer to this question is “yes”.

If the answer to this question is “yes”, attempt to determine why the case surface temperature is colder than it was designed to be.  Possible causes: 

· Leaking door gaskets

· Cabinet air leaks blowing cold air (wiring or refrigeration exits, for example).

· Lack of proper case insulation (foam or fiberglass, for example) or wet insulation.

· Lack of caulk between the doorset frame and case opening.

· Air conditioning vents blowing cold air on the surface of the case.

If this was the only question answered “yes”, then this condition must be corrected.

Completing your diagnosis

Now you have “yes or no” answers to all five of the above questions.  You are now ready to decide what needs correcting.  If you answered “yes” to more than one question, the next step is to decide which factors are most easily corrected.  The store owner may wish to make this decision.  Nonetheless, they will want your recommendation.  Use judgement, but consider the following possibilities:

· If the surface of the case is colder than it was designed to be, correct this first.

· If the interior of the case is colder than it needs to be, correct this first.

· If the sweating case is equipped with energy-saving controllers to cycle the heaters on and off, recommend these controllers be disabled or abandoned for best results.

· If the voltage to the anti-sweat heaters is below 114V, recommend the owner correct the low-voltage condition to restore anti-sweat heaters to full designed output.

· If the only contributing factor(s) are a store that is too cold and/or too humid, you will need to convince the store manager of this. Store managers may be reluctant to believe humidity is a problem if the store is air-conditioned.   It is important to explain that all other possible causes have been eliminated, and that your readings prove the store is too cold or humid.  It is also important to explain that the design
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Completing your diagnosis (continued)

conditions for the freezer are 75(F and 55% relative humidity.  Most managers understand relative humidity better than dewpoint, thus it may be helpful to convert your dewpoint reading into relative humidity using Table 2 below:

Table 2: Relative Humidity as a function of Store ambient dewpoint and dry-bulb temperatures
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Summary Of Major Factors Affecting Case Sweating
· Proper operation of anti-sweat heaters in the door, glass, frame and mullions.  Naturally, failed heaters can cause sweating.  Energy-saving devices that cycle heaters can cause sweating to start.  Also, low voltage partially disables the heaters.  Heaters are designed to operate on at least 115 volts and are significantly affected by low voltage (for example, at 109 volts the output of a heater is reduced by 10%).

· Case (interior) temperature: typically 0(F to -15(F for a freezer, colder case (interior) temperatures lower the surface temperature of the case.  This can cause sweating.

· Poor case wall insulation at sweating site:  For example, lack of caulk between door frame and case opening can cause sweating at the flange of the doorset perimeter.  Similarly, wet fiberglass insulation insulates poorly and may result in sweating.

· Store humidity is a common problem, but the store manager may not believe an air-conditioned store can be too humid.  Take a few extra minutes to share your readings and explain how A/C might remove enough heat without removing enough humidity.  Point out the various sources of humidity such as drafts, people, cooking equipment, coffeemakers, etc.  Also, point out any other sweating equipment or sweating plumbing you see in the store as evidence that the store is too humid.

· Store temperature is another hard-to-understand factor.  The surface of the case is actually warmed by the store, hopefully to above the dewpoint temperature.  If the store air conditioning is used excessively to dehumidify the store, a cold store may result.  A cold store, in turn, lowers the surface temperature of the case.  This can cause sweating.  Store designers and managers are slowly becoming aware of the importance of independent humidity control in addition to comfort air conditioning.

Written by Carl Roberts, Zero Zone Mechanical Engineer

Questions or comments?  Please contact Zero Zone at 1/800-247-4496.  Thank you.
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						Store ambient (room air) temperature of the air near the sweating site

						60°F		63°F		66°F		69°F		72°F		75°F		78°F		81°F		84°F

		0		0°F case temp		51°F		53°F		55°F		57°F		60°F		62°F		64°F		66°F		69°F

		-3		-3°F case temp		50°F		52°F		54°F		57°F		59°F		61°F		63°F		66°F		68°F

		-6		-6°F case temp		49°F		51°F		54°F		56°F		58°F		60°F		63°F		65°F		67°F

		-9		-9°F case temp		48°F		51°F		53°F		55°F		57°F		60°F		62°F		64°F		66°F

		-12		-12°F case temp		48°F		50°F		52°F		54°F		57°F		59°F		61°F		63°F		66°F

		-15		-15°F case temp		47°F		49°F		51°F		54°F		56°F		58°F		60°F		63°F		65°F

		-18		-18°F case temp		46°F		48°F		51°F		53°F		55°F		57°F		60°F		62°F		64°F

		-21		-21°F case temp		45°F		48°F		50°F		52°F		54°F		57°F		59°F		61°F		63°F

		-24		-24°F case temp		45°F		47°F		49°F		51°F		54°F		56°F		58°F		60°F		63°F

		-27		-27°F case temp		44°F		46°F		48°F		51°F		53°F		55°F		57°F		60°F		62°F

		-30		-30°F case temp		43°F		45°F		48°F		50°F		52°F		54°F		57°F		59°F		61°F

		-33		-33°F case temp		42°F		45°F		47°F		49°F		51°F		54°F		56°F		58°F		60°F
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