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WARRANTY 
 

 
LIMITED WARRANTY: The equipment supplied by Nyle Systems is warranted to be free from defects in 
workmanship and materials for a period of one year from the date of the original installation under normal use 
and maintenance, or 15 months from the date of delivery, whichever comes first. A new or remanufactured part 
will be supplied by Nyle Systems if the defective part is first returned to Nyle Systems for inspection. The 
replacement part assumes the unused portion of the warranty. The warranty does not include labor or other costs 
incurred for diagnosis, repairing or removing, installing or shipping the defective or replacement part(s). Nyle 
Systems makes no warranty as to the fitness of the equipment for a particular use and shall not be liable for any 
direct, indirect or consequential damages in conjunction with this contract and/or the use of its equipment. 
Buyer agrees to indemnify and save harmless Nyle Systems from any claims or demands against Nyle Systems 
for  injuries  or  damages  to  the  third  parties  resulting  from  buyer’s  use  or  ownership  of  the  equipment. No other 
warranties, expressed or implied, will be honored unless in writing by an authorized officer of Nyle Systems. 
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Introduction to Dehumidification Lumber Drying 
 
 
Dehumidification lumber drying with a Nyle Lumber Drying System is similar in many ways to drying lumber 
in a conventional dry kiln. The lumber is stacked in a chamber and air is circulated through it at a controlled 
temperature and humidity in order to maintain the proper drying rate for the species and thickness. 
 
As wood dries water evaporates from the wood causing humidity to increase. A conventional system exhausts 
this moisture laden air to the outside. A dehumidification system uses a refrigerator system to condense the 
water out of the air. A dehumidification system thus recovers the heat used to evaporate the water and 
eliminates the need to vent to get rid of this water. This results in very large energy savings. 
 
The Nyle System includes a method of heating the lumber which supplements the refrigeration system. The 
supplemental heater is used to heat during the initial warm up and, sometimes, when temperature increases are 
desired during the cycle. 
 
The Nyle System includes a circulating fan system. This system establishes airflow within the chamber. This 
airflow is the medium by which the heat energy is carried to the lumber, and also how the evaporated moisture 
is carried back to the machine. The speed and uniformity of drying is related to this air flow. 
 
The Nyle System also includes a vent system. The vents are used to keep the maximum temperature from 
exceeding that required by the drying schedule. 
 
The Nyle System also often includes some type of humidification system that is used for lumber conditioning at 
the end of drying and occasionally for increasing humidity during intermediate drying steps or equalization. 
 
The systems are installed in insulated chambers, usually built from standard construction materials. Details on 
construction can be found elsewhere in this manual or on drawings provided by Nyle. 
 
It is important to remember that the dehumidification system and the chamber together form a dry kiln, and that 
successful and efficient drying will depend on an air tight, well-insulated and properly designed chamber. 
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Kiln Construction 
 
 
The kiln chamber should be built from standard construction materials. The walls, floor, and the ceiling should 
be  a  2”  x  4”  framework,  with  blue  or  pink  Styrofoam (extruded polystyrene) friction fitted between the studs. 
The  interior  face  of  the  studs  should  be  covered  with  a  1”  layer  of  Celotex  Thermax  (or,  better,  two  overlapped  
½”  layers).  Celotex  Thermax  is  foil  faced  polyisocyanurate  (urethane)  board  which is orange or yellow in color 
and   is   available   in   4’   x   8’   sheets   in   various   thicknesses.   Celotex   Thermax   is   a   trade   name   and   similar   and  
acceptable products are available under other trade names. 
 
The joints and nail heads should be caulked with high temperature silicone and then optionally, with aluminum 
tape. The Thermax should now be covered with one or two layers of 6 mil polyethylene, and finally covered 
with  ½”  CDX  or  marine  grade  plywood.  The  interior  surface  can  now  be  coated  with  “mobile  home  or  metal 
roofing  aluminum  paint”.  This  is  an  asphalt  based  coating  with  powdered  aluminum  and  fiber  for  strength.  It  is  
available in hardware stores. It should be recoated as necessary every year. The exterior can be finished to suit 
your tastes, but avoid galvanized steel or other ferrous sidings. 
 
A wood floor may be used but most kilns are constructed with concrete floors. (See Nyle drawings for 
recommended floor construction.) When using a concrete floor, it is suggested that insulation be installed 
beneath the concrete. If the kiln is going to be on an existing concrete floor, it is not economical to redo the 
floor and the insulation may be omitted. 
 
If the kiln is a freestanding outside building, the attic space must be well ventilated through the eaves. This is 
done to avoid any moisture buildup in this space, which will condense on the cold roof, dripping onto the 
insulation. An interior kiln can have the ceiling insulation open to the atmosphere.  
 
The doors should be built in the same manner as the walls, but could be lightened by increasing the stud spacing 
and   using   3/8”   plywood.   The   lighter   weight   will   reduce   the   load   on   the   hinges.   A   vapor   barrier   must   be  
installed. Two side hinged doors usually work best, but a top hinged door or a lift off door also may be 
considered. Gaskets should be placed wherever the door meets the kiln; this will give a good, airtight fit. If no 
door sill used, a scraper type weather strip can be used to reduce air leakage. The door can fit together in the 
center with a lap fit. The door should close tightly against the gasket using turnbuckles, tarp straps, lag studs 
with wing nut, etc. Bear in mind that there is considerable expansion and contraction and this has to be taken 
into account when designing the doors. 
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Air deflectors and baffles must be used to control the airflow within the kiln chamber. The corner deflector is 
used to help turn the airflow, and is usually made of plywood. A hinged baffle should fall from the fan wall, and 
be held up during load with a nylon rope. The baffle is hinged to compensate for different load sizes, and also 
allow for shrinkage of the board pile. Also, lumber that does not fill the entire width, should have a baffle that 
closes in the open space. This baffle can be fixed or portable. Do not underestimate the effect of this baffling, as 
correct baffling will pay off in more even drying and faster drying. This more than offsets the extra effort and 
time to place the baffles. 
 
An access door should be placed in the chamber to allow for service of the dehumidifier and/ or lumber 
monitoring. While outside electronic moisture meters can be used to avoid entering the kiln, during the drying 
cycle, Nyle strongly recommends regular checks inside the kiln to visually inspect the surface or end checks, 
mold, stain and to check with a hand held meter. 
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Equipment Installation 
 
 
Place the dehumidifier at the center of the long wall with the inlet filter facing the board pile. Connect an 
appropriate length drain hose as shown in Figure 1. The dehumidifier can be elevated any reasonable amount to 
help the drain gravity feed. The drain must have a trap. If the drain hose extends outside (not to a floor drain in 
the kiln) the wall opening should be sealed around the hose. 
 
Place the controller at a convenient point outside the chamber near the dehumidifier. Remove the cover. 
 
BE SURE CONTROLLER IS IN A SPACE THAT WILL NOT REACH TEMPERATURES BELOW 
FREEZING. A LIGHT BULB LOCATED NEAR THE CONTROLLER AND LEFT ON DURING THE 
COLD WEATHER IS USUALLY SUFFICIENT WAY KEEP IT ABOVE FREEZING. 
 
Drill a hole in the kiln wall to allow control cables and the sensor wire (coiled up inside the controller) to be 
carefully routed into the chamber. 
 
Mount the temperature sensor 6 to 12 inches from the wall 4 feet off the floor, for an accurate reading. Do not 
place the sensor near the blower outlet. 
 
Remove the front panel of the dehumidifier gaining access to the compressor and terminal strip. Securely 
connect the control cable to the dehumidifier. Note that each wire is marked with the terminal number to which 
it is to be connected. Carefully connect each wire to the similarly marked terminal. Do not stretch or overstress 
the cable. Seal the hole in the kiln wall after the system check out is successfully concluded. 
 
Install and caulk the vents so that they are on opposite sides of the fans and at opposite ends of the kiln. The 
vents can be mounted to open to the inside or the outside. It is usually more convenient if it opens to the outside. 
On the L53, the vent location is different and should be located as shown on the chamber drawings. 
 
With the system switch in OFF position, plug in the power cable (the special receptacle for the L200 is supplied 
by Nyle). 
 
Install the fans in locations over the lumber as suggested on the chamber drawings. 
 
The unit is now ready for the check out procedure. 
 
 
 
 
 
 
 

1-4 



 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

1-5 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

1-6 





 
System Check Out Procedure 
 
The system is initially activated by turning the system switch ON. This will start the blower fan in the unit and 
also power up the controller. If the blower does not start, check to make sure there is power to the unit and all 
connections are secure. Do not proceed if the blower is not running. 
 
The   temperature   inside   the   kiln   is   indicated   in   the   top   display   of   the   controller.   This   is   the   “Dry   Bulb”  
temperature. At the initial start up, the kiln temperature will be displayed. Until the temperature inside the kiln 
reaches  80ºF,  the  lower  display  on  the  controller  will  show  “Pre  Heat”  and  the  heat  light  will  be  on.  The  heat  
light will also be on when you are using the electric heater to raise the temperature in the kiln. To change or 
check  the  set  point  temperature,  press  the  “Mode”  key  until  the  “Set  Point”  indicator  light  comes  on.  You  can  
then change the set point by using the up and down arrows on the controller. Check to see that the air coming 
out of the top of the dehumidifier is being warmed. It will only be about 5ºF warmer than the air entering the 
unit. 
 
The percentage timer for the compressor is activated when the temperature in the kiln has reached 80ºF (26ºC). 
The compressor should not be run if the temperature in the kiln is below 75ºF (24ºC), or if the temperature is 
above 130ºF. Outside of the recommend temperature range of 80º-120ºF. (24º-49ºC) the refrigerant pressures in 
the system will be either too high or too low, and the system can be damaged. (There are pressure safety 
switches  in  the  system  to  prevent  damage)  Set  the  percentage  timer  by  pressing  the  “Start/Reset”  key and using 
the   up   and   down   arrow   keys   to   change   settings.   Press   the   “Start/Reset”   key   again to start the cycle. The 
percentage timer cannot be set from 91 to 99 percent in order to prevent short-cycling of the compressor, and to 
allow enough off time, for the refrigerant pressures to equalize. 
 
The timer window on the controller will either be showing the amount of time the compressor will be running, 
or the amount of time until it starts again. The compressor runs fairly quietly, and it may be hard to tell if it is 
running.  The  easiest  way  to  check  may  be  to  have  a  helper  push  the  “Start/Reset”  switch while you are next to 
the unit feeling vibration and listening closely for changes as the compressor goes on or off. Make sure you wait 
at least 3 minutes after you turn the compressor off before turning it on again. 
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Loading the Drying Chamber 
 
The USDA Dry Kiln Operators Manual describes, in Chapter 5, the proper method of stacking and stickering 
the  lumber.  Nyle  recommends  that  these  steps  be  followed  carefully.  Stickers  should  all  be  at  least  ¾”  thick  and  
all sticks in any load must   be   the   same   thickness.   Thick   lumber   (10/4   “   and   thicker)   should   be   dried   using  
double stickers. Sticker placement is very important. The end stickers should be as close to the ends of the 
boards as possible. Sticker spacing should be approximately 18”.   This   spacing   can   be   reduced   to   12”   if  
excessive warping, cupping, and bow are a problem. Keep stickers in a vertical line and always support the load 
under each sticker. If you have some wide boards, or other pieces that you want to keep as straight as possible, 
pile them on the bottom as the weight of the lumber above will constrain the wide boards and give the best 
result. 
 
When the lumber is fully loaded, the baffles should be lowered to the top of the lumber and the side baffles 
should be carefully positioned. If no side baffles are installed, the space could be closed off with plywood or 
boards. Do not use plastic sheeting as it may come loose and become entangled in the fans. If the load supports 
are thicker than normal stickers, the extra space should be blocked with a narrow board or lath. Close off any 
large openings that will let air go around the lumber. A small amount of time spent doing this correctly will pay 
back in more even, faster, and less expensive drying. Air will always take the path of least resistance, and you 
must force it through the stickered pile. 
 
If a less than full load is anticipated, it is better to reduce the depth rather than the height or width. This will 
obviously  leave  the  stickers  “hanging  out”,  but  will  result  in  better drying. 
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Operating Instructions 
L53 Controller 
 
 
Different species of wood, as well as different thicknesses of the same wood, need to be dried at different rates. 
Most hardwoods need to dry at a relatively slow rate to prevent checks forming in the wood. The damage from 
drying too fast generally occurs when drying from green down to 40%. Refer to the table for maximum drying 
rates in Section 2 for the lumber you are drying. As a general rule, the drying rate for 8/4 lumber is less than 
half what it is for 4/4 lumber. For example, 4/4 Red Upland Oak [Upland is identified by the rings being less 
than  ¼”   (6  mm)   apart]   has   a  maximum   drying rate of 3.8%/day, while 8/4 can only be dried at 1.5%/day. 
Drying wood too slowly can result in mold forming on the lumber and other damage, while drying too fast can 
cause checks and collapse. 
 
Softwoods: while usually not having a maximum drying rate, must be dried fast enough to prevent mold 
growth, blue stain, brown stain and other cosmetic damage. 
 
Refer to the drying schedules in Section 2, and the charts that follow. Although it is not recommended that 
species be mixed in a kiln charge, if you have a mixed load of species or thickness, always use the schedule for 
the slowest drying of the mix. Avoid mixing very wet lumber that is prone to stain (White Pine or Popular for 
example) with a slow drying wood such as Oak. Also avoid putting air dried lumber with surface checks in with 
wet lumber. 
 
Your kiln has an integrated temperature controller and percentage timer. Pick a temperature setting from the 
charts in Section 2 and a percentage from the chart also in Section 2. 
 
Notes: To prevent the compressor  from  “short  cycling”  the  percentage  cannot  be  set  from  91%  to  99%,  it  
will jump 90% to 100% also. The compressor will not start until the temperature in the kiln reaches 80ºF 
(26ºC). 
 
To  set  the  temperature,  push  the  “mode”  key  until  the  set-point light is on, then you can push the up or down 
arrow to set the temperature. Always put the set point at 80ºF (26ºC) or above. 
 
To  set  the  percentage  timer,  if  the  timer  is  running  or  showing  “pre  heat”  push  the  “Star/Reset”  key,  then  push  
the  “Mode”  key  until the temperature display is showing the kiln temperature (kiln temp. light on), then use the 
up or down arrow keys to set the percentage timer. 
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After  the  percentage  time  and  kiln  temperature  are  set,  push  the  “Start/Reset”  key  to  begin  the process. If the 
kiln  temperature  is  below  80ºF  the  lower  display  will  show  “pre  heat”  until  that  temperature  is  reached.  Then  
the  compressor  timer  will  start.  If  the  “Comp”  light  is  off,  the  timer  will  show  the  time  remaining  until  the  
compressor starts. When  the  “Comp”  light  is  on,  it  will  display  the  amount  of  remaining  time  the  compressor  
will be running. 
 
Note: 10% of an hour is 6 minutes. 
 
The compressor will not start until the temperature in the kiln is 80ºF or more. If the compressor is running and 
the kiln temperature drops below 80ºF the compressor will continue to run. It is harmful to the compressor to 
run below 80ºF.  If  this  happens  reset  the  timer  control.  This  will  stop  the  compressor  and  it  won’t  start until kiln 
temperature is back up to 80ºF. 
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Operating the Dryer 
 
 
After you have familiarized yourself with the machine during the check out procedure, and you have correctly 
loaded the kiln, the drying process can begin. The initial moisture content (MC) must be determined by using 
either a moisture meter or scales and an oven. The oven-dry method is described in further detail in the 
“Sampling”  section. 
 
1. Start the circulating fans by turning on the fan switches. 
 
2.  Turn  system  switch  “ON”. 
 
3. Set the temperature and percentage controller according to the instructions. 
 
4. Check the moisture content daily, at 24 hour intervals and compare the MC drop with the          
recommended levels from the species listings. 
 
5. If the moisture removal is lower than the listed value, increase the percentage timer by 10%. If the moisture 
removal is higher than recommended, decrease the percentage timer 10%. If the moisture removal is extremely 
fast or slow for the species of wood, adjust the timer by a proportional percentage. For example, if you are 
drying a species that allows a 3% moisture loss per day, and you lost 6% in one day lower the percentage time 
by half. 
 
6. Follow the Table 3 dry bulb temperature settings for the species and moisture content. If your chamber is 
well constructed and insulated, you will find that the motors in the system are providing excess heat, resulting in 
the temperature rising above the desired set point. How far it will rise will depend on the outside temperature, 
insulation,   and   tightness   of   the   chamber.   We   provide   two   manual   vents   to   “dump”   excess   heat.   If   the      
temperature rises above the desired set point, open the vents half way and check the temperature in a few hours 
to see if it is still rising or not lowering. Open further or close the vents accordingly. Keep in mind that any 
venting is also venting moisture, you need to watch the drying rate of the lumber. You may reduce the 
percentage time to account for the venting. Reducing the percentage time will also reduce the heat being 
generated in the kiln, reducing the temperature rising. 
 
7. Continue checking the MC daily and make setting adjustments until lumber is at the target moisture content. 
 
8.  Turn  “System”  switch  off.  You  may  want to leave the circulating fans on with the vents closed for 24 hours 
to  help  “equalize”  the  lumber’s  moisture  content. 
 
Please do not hesitate to call Nyle at any time with questions regarding schedules or kiln operations. 
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1. TOP DISPLAY: Displays kiln temp and set point temperature in operating mode and the value or code 
of the programmable parameter in program mode or configuration mode. 

 
2. KILN TEMPERATURE INDICATOR:  Process temperature is displayed in the top display when this 

indicator is lit. 
 
3. INDICATOR SET POINT: Set point (temperature) indicator. Set point temperature is displayed in the 

top display when this indicator is lit. 
 
4. BOTTOM DISPLAY: Displays timer value in operating mode. During a timed cycle displays time 

remaining in countdown mode and time elapsed in count up mode. Also displays the name of the 
parameter that is being programmed in program mode or configuration mode. 

 
5. AL INDICATOR: Alarm indicator flashes when a HI or LO alarm condition is met. 
 
6. N/A 
  
7. INDICATOR COMPRESSOR: Compressor indicator is energized when this indicator is lit. 
 
8. INDICATOR HEAT: Heat indicator. Heat is energized when this indicator is lit. 
 
9. DOWN ARROW KEY: Decrement key. Used to decrease parameter values. The parameter value 

decreases at a progressively faster rate the longer the key is held down. 
 
10. UP ARROW KEY: Increments key. Used to increases parameter values. The parameter value increases 

at a progressively faster rate the longer the key is held down. 
 
11. MODE KEY: Used to toggle between kiln temperature and set point operating mode. Also used to scroll 

through the menu of programmable parameters in program mode or configuration mode. 
 
12. START/RESET KEY: Used to start and stop a timed cycle. Also used to reset a HI or LO alarm and to 

mute the beeper. 
 
13. PG INDICATOR: Programming mode indicator is lit when the controller is in   
 program or configuration mode. 
 
14. ºC INDICATOR: When lit, temperature scale is ºC. 
 
15. ºF INDICATOR: When lit, temperature scale is ºF 
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Drying Schedules 
 
 
Each species of lumber has a maximum rate of drying (expressed as % loss/day) that can be tolerated without 
damage. Through experimentation by the U.S. Dept. Of Agriculture, and various Universities and others, these 
rates have been determined. Schedules have been developed based on time, dry bulb-wet bulb temperatures, and 
even automatic moisture content devices. Due to the many important variables that affect drying such as kiln 
chamber heat loss, air velocity, ambient temperature and humidities, vapor leaks, etc., the most important 
consideration of a schedule is that you do not exceed safe drying rate. 
 
L53 drying systems dry lumber by controlling the temperature of the kiln and operating the compressor a 
known amount of time to remove a projected amount of water. If more water needs to be removed over 24 
hours, then the compressor should operate proportionally longer during that 24 hours to remove the correct 
amount. The following schedules are therefore based on temperature and operating time. The compressor 
operates on one hour cycles, and can run none or all of that hour or almost any amount in between. It is very 
important to remember that water can leave the kiln by other means than the compressor. If the vent must be 
open to remove surplus heat, or there is a crack around the door gasket, or the floor is not insulated (allowing 
water   to   “sweat”   and   run   down   a   drain   or   under   a   wall),   moisture   will   leave   at   an   uncontrolled   rate.   The  
following schedules are very conservative for these reasons. If your kiln is tight and well insulated, you will 
find these recommend drying rates to be slower than necessary. 
 
The schedules are just starting points, with the actual drying rates determining the modifications. The drying 
rates in Table 1 are the rates to follow when first using the machine. These rates can be safely exceeded by an 
additional 50% (i.e., 1.0% can be raised to 1.5% and 3.3% can be increased to almost 5%) given careful 
judgment and operating experience for Groups 1, 2, and 3. Top quality moisture meters, or weight samples, 
must be used at these higher drying levels to avoid lumber damage. Some hardwoods such as Southern Red 
Oak, White Oak, and Group 4 hardwoods, should not use any sort of accelerated schedule. 
 
Later, in this manual, is a section regarding degrade and a section on reducing degrade. 
While you are reviewing the sections, remember that these systems do not dry according to wet bulb schedules. 
If you are experiencing drying problems that cannot be pinpointed, a wet bulb hygrometer is available to give 
you the wet bulb and dry bulb readings in the kiln chamber. If references are made to lower the wet bulb 
temperature, take that to mean increasing the compressor running time. Also, raising the wet bulb temperature is 
analogous to reducing the compressor running time. 
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Table A 
Lumber Groups 

  
Group 1 (L200 load size, 1500 board feet, 3.5m³) 
  4/4 Softwood              Cedar, Eastern White 
      Fir, Balsam 
      Hemlock, Eastern 
      Larch, Eastern 
      Pine, Red (Norway) 
      Pine, Eastern White 
      Spruce, Black 
      Spruce, Red 
      Spruce, White 
   
  4/4 Soft Hardwoods  Aspen 
      Basswood 
      Cottonwood 
      Poplar 
Group 2 (L200 load size 3000 board feet, 7 m³) 
  4/4 Medium Hardwood Ash, Black 
      Ash, White 
      Beech 
      Birch, White 
      Birch, Yellow 
      Cherry, Black 
      Elm, White 
      Hickory 
      Maple, Soft 
      Maple, Hard 
      Sweet gum (Red gum) 
      Tupelo (Black gum) 
      Walnut 
   
  8/4 Group 1 Woods  
Group 3 (L200 load size, 4000 board feet, 9 m³) 
  4/4 Hardwoods  Elm. Rock 
      Oak, Red   
      Oak, White 
  8/4 Group 2 Woods   
   
Group 4   
  8/4 Group 3 Woods  
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Table 1- Moisture Removal Rate Per Day (Maximum) 
(Note: These removal rates are estimates only, check your actual removal rates using an accurate moisture 
meter. There are many variables that affect drying rates, such as how lumber is sawn, stacked, and how the 
chamber is built.) 
 
 
 
L53 Running at 100% calculated moisture removal rate per 24 hour period.  
            
   Load Size in BF 300                   500               700                 1000      
 
   Group 1 Woods 11.8%    7.1%           5.1%           3.5%      
 
   Group 2 Woods  8.0%*    4.8%*            3.3%               2.4%    
 
   Group 3 Woods  7.4%*    4.4%*            3.2%               2.2%     
 
  
 
  * Drying rate may be too high, look at the maximum rates on page 2–6        
 
 
         
Note: Drying Group 1 woods at a rate of less than 5% per day may result in mold or staining of the lumber. 
Drying Group 3 woods at a rate greater than 3.5% per day may result in checking or other degrade to the 
lumber.        
        
        
        
 
 
 
 
 
 
 
 
 
 
 
 

2-3 



Table 2 – Percentage Timer Setting 
Load Size (BF) 
 
 

  300 500 700 1000 

L53 Group 1 100% 100% 100% 100% 

 Group 2 70% 100% 100% 100% 

 Group 3 40% 70% 100% 100% 

 Group 4 30% 50% 70% 100% 

 
 
 
Table 3 – Temperature Schedule 
 
 
Group 1 

Lumber Moisture Content Maximum Kiln Temperature 

Above 35%        115ºF (46ºC) 

25%-35%        115ºF (46ºC) 

Below 25%        120ºF (49ºC) 

 

Groups 2, 3 & 4 

Above 35%         90ºF (32ºC) 

25%-35%        100ºF (38ºC) 

Below 25%        120ºF (49ºC) 

 
Note: With weather and other conditions, it may not be possible to maintain 90ºF or 100ºF (32ºC or 38ºC). If 
this is the case, allow temperatures to rise to 105ºF—110ºF (40ºC—43ºC). 
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Table B (Metric) 

Northeast Lumber - Based  on  4/4  (1”  or  25  mm) 

Species Oven Dry Weight 
Kg / M3 

Ave. Green 
MC % 

Green Weight 
Kg / M3 

Kg Water 
Per % MC 

Max MC% 
Loss/day 

Cedar, Eastern White  315.6 93 609.2 7.27 11 

Fir, Balsam 347.8 118 758 7.73 20 

Hemlock, Eastern 432.2 111 911.6 10 20 

Larch, Eastern 506.4 52 769.8 11.36 20 

Pine, Red (Norway) 410.2 83 749.4 9.55 15 

Pine, Eastern White 390 90 741 9.09 12 

Spruce, Black 422 80 759.6 9.55 20 

Spruce, Red 400 89 756.2 9.09 20 

Spruce, White 368 115 793.4 8.18 20 

Ash, Black 506.4 95 987.4 11.36 7 

Ash, White 611 45 886.2 14.09 10.4 

Basswood 379.8 107 786.6 8.64 12 

Beech 622.8 63 1017.8 14.09 4.5 

Birch, White 538.4 73 931.8 12.27 10 

Birch, Yellow 590.8 69 999.2 13.64 6.1 

Cherry, Black 526.6 58 832.2 11.82 5.8 

Elm, Rock 633 50 952 14.55 3.5 

Elm, White 538.4 93 1041.4 12.27 10 

Hickory 655 64 1090.4 15 6 

Maple, Soft 538.4 93 877.8 12.27 13.8 

Maple, Hard 633 68 1063.4 14.55 6.5 

Oak, Northern Red Upland 655.4 74 1140.6 15 3.8 

Oak, White Upland 703.6 70 1196.2 15.91 2.5 

Oak, Southern Red 618.4 80 1113.4 14.09 2 

Sweetgum (Red gum) 548 100 1096 12.27 5.3 

Walnut 570.2 85 1054.8 13.18 8.2 

Yellow Poplar, Cottonwood 379.8 154 963.8 8.64 13.8 

To  estimate  maximum  MC  loss  per  day  for  other  thickness’  multiply  %  MC  loss  per  day  from  the  above  table  by  0.6  for  6/4  and  0 .4 
for 8/4. 
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Table B - North American Measure             

Northeast Lumber - Based  on  4/4  (1”  or  25  mm) 

Species 
 

Oven Dry Weight 
#/MBF 

Ave. Green 
MC % 

Green Weight 
#/MBF 

# Water Per 
% MC 

Max MC% 
Loss/ day 

Cedar, Eastern White  1578 93 3046 16 11 

Fir, Balsam 1739 118 3790 17 20 

Hemlock, Eastern 2161 111 4558 22 20 

Larch, Eastern 2532 52 3849 25 20 

Pine, Red (Norway) 2051 83 3747 21 15 

Pine, Eastern White 1950 90 3705 20 12 

Spruce, Black 2110 80 3798 21 20 

Spruce, Red 2000 89 3781 20 20 

Spruce, White 1840 115 3967 18 20 

Ash, Black 2532 95 4937 25 7 

Ash, White 3055 45 4431 31 10.4 

Basswood 1899 107 3933 19 12 

Beech 3114 63 5089 31 4.5 

Birch, White 2692 73 4659 27 10 

Birch, Yellow 2954 69 4996 30 6.1 

Cherry, Black 2633 58 4161 26 5.8 

Elm, Rock 3165 50 4760 32 3.5 

Elm, White 2692 93 5207 27 10.4 

Hickory 3325 64 5452 33 6 

Maple, Soft 2692 93 4389 27 13.8 

Maple, Hard 3165 68 5317 32 6.5 

Oak, Northern Red Upland 3277 74 5703 33 3.8 

Oak, White Upland 3518 70 5981 35 2.5 

Oak, Southern Red 3092 80 5567 31 3.8 

Sweetgum (Red gum) 2740 100 5480 27 5.3 

Walnut 2851 85 5274 29 8.2 

Yellow Poplar, Cottonwood 1899 154 4819 19 13.8 

To  estimate  maximum  MC  loss  per  day  for  other  thickness’  multiply  %  Max  MC  loss  per  day  from  the  above  table  by  0.6  for  6/4  and 0.4 for 
8/4. 
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Kiln Sample Boards 
 
 
To measure moisture content on a daily basis, it is best to use sample boards. Moisture meters are not accurate 
enough for most hardwood dry kiln operations when the wood is above 30% MC and there is a need to keep a 
close watch on the drying rate. In Oak, for example, all checks and honeycombing occur when the wood is 
drying from green down to 40% MC, so that is when the drying rate needs to be closely controlled. 
 
Sample boards are used: 
• To estimate the MC of the load in the chamber, so that kiln conditions can be regulated according to 

drying schedules 
• To measure the drying rate, which allows control of drying quality. 
• To check on any degrade development. 
• To check on final MC and drying stresses. 
• To develop a MC vs. time curve. 
• To study variations in drying within the kiln 
• To monitor changes in MC after drying (during storage and shipping) Note: It is a good idea to keep 

sample boards with dried lumber so that they can be used to track moisture content changes in storage. 
 
1.  When  selecting  sample  boards,  keep  in  mind  that  they  need  to  represent  a  “sample”  of  the  lumber  in  the  kiln.  
Do not select junk boards, and try to have both the slowest and the fastest drying boards of the load. Generally, 
you would have six sample boards. 
 
2.      Cut   30”   long   sample   boards   no   closer   than   12   inches   from   the   ends   of   the   board.   Avoid   having   knots,  
splinters or bark in the sample. 
 
3.  Number the sample boards. 
 
4.    Cut  two  1”  sections  off  each  end  of  the  sample  boards,  and  mark  them  with  the  number of the board they 
came from. For example, the two sections that came from sample board 3 would be labeled 3A and 3B. 
 
5.    Weigh  all  the  1”  sections,  accuracy  to  0.1  gram  is  suggested.  Write  down  these  “green weights”. 
 
6.  End coat the sample board. This assures that the sample board will dry as though it were a larger piece of 
lumber. 
 
7.  Also weigh the rest of the sample board itself. An accuracy of .025 pounds or 1 gram is recommended. 
Record these values. Put the sample boards in the lumber stacks in places where they can be reached and will 
dry at the same rate as the lumber. Do not place the sample boards where they will receive more air flow than 
the rest of the lumber. 
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8.  Place the small sections in an oven at 215ºF (101ºC) until the sections stop losing weight, usually 24 hours. 
When the section weighs the same in separate weighings, one hour apart it is oven dry. A microwave oven with 
a carousel tray may be used. Put sections on a paper towel on the tray. Use low power (to avoid smoking) for 20 
minutes. Weigh the section, and put back in the oven for 1 minute. If the section has not lost any weight, it is 
oven dry. If still losing water, continue drying in 5 minute increments until a constant weight is achieved. 
 
9.   Calculate the moisture content of each section separately using the following formula:            

   %MC = (     wet weight    – 1) x 100 

                               
oven dry weight

 
 
10. Average the moisture content of the two sections from each sample board to calculate the estimated 
moisture content of the sample board when it was cut. 
 
11. Calculate what the oven dry weight of the sample board is using the following formula and the average 
moisture content (MC) from the previous step:  
       

 Calculate OD weight = (  wet weight  ) x 100 

            
100 + %MC

 
 
12. Write the calculated OD weight on the sample board so that it is readily available. 
 
13. At about the same time each day, weigh the sample boards and calculate the current moisture content with 
this formula: 
      

  Current %MC = ( 
        current weight       

  – 1) x 100 

                                    
calculated oven dry weight

 
 
14. Place the sample board back in the same place in the kiln it came from. 
 
15. Calculate the daily drying rate for each section. Keep all the figures written down as a record of the load. 
Make any adjustments to the schedule based on the fastest drying sample. 
 
16. Once the moisture content of the kiln is below 20%, it is often a good idea to cut new moisture sections 
from the center of the sample board (1 section per board). 
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Example 
 
Two  1”  sections  are  cut  from  30”  sample  board  1,  and  labeled  1A  and  1B.  They  are  weighed  on  a  balance,  and  
the weights are: A=2.5g and B=2.3g. The sections are placed in a microwave on low power for 20 minutes and 
weighed, weighing A=1.7g and B=1.6g. They are put back in the microwave for 1 minute and weighed again. 
The weights did not change, so these values are now oven dry weights. Calculate the moisture content using the 
formula in step 9. 
 
A = [(2.5 / 1.7) - 1] x 100 = 47.06         B = [(2.3 / 1.6) - 1] x 100 = 43.75 
 
Average the two calculations together (47.06 + 43.75) / 2 = 45.40%. This is the calculated moisture content for 
the rest of the sample board. 
 
Calculate the oven dry weight of the sample board 1. Use the formula in step 11. The green weight is 1.64 
kilograms. 
 
ODW = (1.64 / 145.4) x 100 = 1.13 kg. 
 
After a day in the kiln, weigh sample board 1 and it weights 1.58 kg. Using the formula in step 13, the moisture 
content is: %MC = [(1.58 / 1.13) - 1] x 100 = 39.8 
 
The daily change in moisture content is: 45.4 - 39.8 = 5.6%. 
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Dry 
Bulb °F 2° 4° 6° 8° 10° 12° 14° 16° 18° 20° 25° 30° 35° 40° 45° 50°
30° RH 78 57 36 17

EMC 15.9 10.8 7.4 3.9
DRI 0.0 0.1 0.1 0.1

35° RH 81 63 45 28 11
EMC 16.8 11.9 8.8 6.0 2.9
DRI 0.0 0.1 0.1 0.1 0.2

40° RH 83 68 52 37 22 8
EMC 17.6 12.9 9.9 7.4 5.0 1.9
DRI 0.0 0.1 0.1 0.2 0.2 0.2

45° RH 85 72 58 44 31 19 6
EMC 18.3 13.7 10.7 8.5 6.5 4.2 1.5
DRI 0.0 0.1 0.1 0.2 0.2 0.2 0.3

50° RH 86 74 62 50 38 27 16 5
EMC 19.0 14.4 11.5 9.4 7.6 5.7 3.9 1.5
DRI 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.3

55° RH 88 76 65 54 44 34 24 14 5
EMC 19.5 15.1 12.2 10.1 8.4 6.8 7.3 3.6 1.3
DRI 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.4 0.4

60° RH 89 78 68 58 48 39 30 21 13 5
EMC 19.9 15.6 12.7 10.7 9.1 7.6 6.3 4.9 3.2 1.3
DRI 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.5 0.5

65° RH 90 80 70 61 52 44 36 27 20 13
EMC 20.3 16.1 13.3 11.2 9.7 8.3 7.1 5.8 4.5 3.0
DRI 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.5 0.5

70° RH 90 81 72 64 55 48 40 33 25 19 3
EMC 20.6 16.5 13.2 11.6 10.1 8.8 7.7 6.6 5.5 4.3 0.7
DRI 0.1 0.1 0.2 0.3 0.3 0.4 0.4 0.5 0.6 0.6 0.7

75° RH 91 82 74 66 58 51 44 37 31 24 10
EMC 20.6 16.8 14.0 12.0 10.5 9.3 8.2 7.2 6.2 5.1 2.3
DRI 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.6 0.7 0.8

80° RH 91 83 75 68 61 54 47 41 35 29 15 3
EMC 21.0 17.0 14.3 12.3 10.9 9.7 8.6 7.7 6.8 5.8 3.5 0.3
DRI 0.1 0.2 0.3 0.3 0.4 0.5 0.5 0.6 0.7 0.7 0.9 1.0

85° RH 92 84 76 70 63 56 50 44 38 33 20 9
EMC 21.2 17.2 14.5 12.5 11.2 10.0 9.0 8.1 7.2 6.3 4.3 1.7
DRI 0.1 0.2 0.3 0.4 0.4 0.5 0.6 0.7 0.8 0.8 1.0 1.1

90° RH 92 85 78 71 65 58 52 47 41 36 24 13 3
EMC 21.3 17.3 14.7 12.8 11.4 10.2 9.3 8.4 7.6 6.8 4.9 2.8 0.9
DRI 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 0.9 1.1 1.2 1.4

95° RH 92 85 79 72 66 60 55 49 44 39 28 17 8
EMC 21.3 17.4 14.9 12.9 11.6 10.5 9.5 8.7 7.9 7.1 5.3 3.6 1.9
DRI 0.1 0.2 0.3 0.5 0.6 0.7 0.7 0.8 0.9 10.0 1.2 1.4 1.5

100° RH 93 86 80 73 68 62 56 51 46 41 30 21 12 4
EMC 21.3 17.5 15.0 13.1 11.8 10.6 9.6 8.9 8.1 7.4 5.7 4.2 2.8 0.7
DRI 0.1 0.3 0.4 0.5 0.6 0.7 0.9 0.9 1.0 1.1 1.4 1.5 1.7 1.9

105° RH 93 87 80 74 69 63 58 53 48 44 34 24 16 8
EMC 21.4 17.5 15.1 13.2 11.9 10.8 9.8 9.0 8.3 7.6 6.1 4.6 3.3 1.8
DRI 0.2 0.3 0.4 0.6 0.7 0.8 0.9 1.1 1.2 1.3 1.5 1.7 1.9 2.1

110° RH 93 87 81 75 70 65 60 55 50 46 36 26 19 11 4
EMC 21.4 17.5 15.1 13.3 12.0 10.8 9.9 9.2 8.4 7.7 6.3 4.8 3.8 2.5 1.1
DRI 0.2 0.3 0.5 0.6 0.8 0.9 1.0 1.2 1.3 1.4 1.7 1.9 2.1 2.3 2.5

Wet Bulb Depression [Dry Bulb - Wet Bulb] °F
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DRY BULB is the temperature as measured by a thermometer. 
 
WET BULB is the temperature of a thermometer with a wet wick over the sensor.  
 
WET BULB DEPRESSION is the difference between the dry bulb temperature and the wet bulb 
temperature. Example, if the dry bulb is 105º F and the wet bulb is 98º F, the depression is 105º F - 
98ºF, or 7º F. 
 
RH-RELATIVE HUMIDITY The ratio of the amount of water in the air to what the air could hold. At 
50% RH, the air has 50% as much water in it as it would hold at 100% RH. 100% is a 0º F depression. 
 
EMC-EQUILIBRIUM MOISTURE CONTENT This is the average moisture content all wood will 
reach eventually when exposed to these conditions. For example, at a dry bulb of 115º F and a wet bulb 
of 101º F, a 14º F depression, the EMC is 10%. This means that eventually all wood will average 10%. 
Wood drier than 10% will pick up water and wood that is wetter than 10% will give up water. 
 
DRI-DRYING RATE INDEX This is an index of relative drying rate. For example, if a dryer is operating at 
120º F. and a wet bulb depression of 12º F., and drying the load at a rate of 1.5% per day, at the DRI is 1.1. If the 
wood will dry at 2 times the rate (2.2/1.1.=2), or 3% per day. This assumes that other conditions remain the same 
(airflow, stacking etc.). 
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Drying Rate Index (DRI) 
 
The dry kiln industry has never had a method of predicting drying rates. This is remarkable as one main 
reason for having a kiln is to bring about predictable production rates. The EMC value gives an end 
point of what the moisture content of the lumber would eventually become but it does not give an 
indication of how long it will take to reach that moisture content. 
 
Drying schedules for dehumidification drying were developed in  the  late  1970’s.  It  became  obvious  that  
a method of adjusting kiln schedules to meet drying time objectives within the limitations of the 
operation range of the dehumidifiers had to be found. It was common to look up a drying schedule in 
the Dry Kiln Operators Manual or some other reference, and then find a set of conditions at which the 
dehumidifier could run using the same EMC. This resulted in unnecessarily long drying cycles and was 
quickly shown to be an ineffective method of doing kiln schedules. 
 
Nyle developed the Drying Rate Index in response to that but time has shown that the Drying Rate 
Index is very useful in both conventional and dehumidification kilns. With the trend to control kilns by 
monitoring drying rate to get maximum productivity and quality, the Drying Index becomes a very 
valuable tool. 
 
The drying rate is a function of the vapor pressure deficit. Everyone knows that things dry faster in 
hotter, drier air. Every fluid has a vapor pressure associated with it that varies with the temperature of 
the fluid. Air has a vapor pressure that is of function of temperature and humidity. The difference 
between the two determines the rate drying. This is how everything in the world dries whether it is 
paint, the ocean, the lumber or perspiration. When the humidity of the air is 100% no evaporation takes 
place regardless of the temperature. As relative humidity drops the rate the fluid evaporates increases. 
The problem is that a way of predicting the change in drying rate with changes in temperature and 
humidity was needed. 
 
The Drying Rate Index is a relative number. For example, if a kiln is operating at  120º F. dry bulb and 
110º F. wet bulb, that means the depression is 10º (120º F.- 110º F. = 10º F.) According to the Nyle 
Drying Chart, The relative humidity is 72% the Equilibrium Moisture Content (EMC) is 12.1% and the 
Drying Rate Index (DRI) is 1.0. The EMC indicates where the lumber will end eventually. The EMC is 
also an indication of where the surface moisture content of the lumber will go fairly quickly. The whole 
board will eventually be 12.1 % but the surface will reach 12.1% much quicker. 
 
In the above example, the lumber might be drying at 3% per day but it could be dried faster at 5% per 
day. In order to change the drying rate from 3% per day to 5% per day, it would be necessary to find a 
DRI that is 1.67 times the existing drying rate. 
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Desired Drying Rate/Existing Drying Rate = Multiplier. (5/3=1.67) 
 
Multiplier x Existing DRI= Desired DRI 
 
The existing DRI is 0.9 so the new DRI should be 1.5 (0.9 x 1.67) 
 
Referring to the Nyle Drying Chart, it can be seen that if the temperature were increased to 130º F and 
the depression 13º F (read between 12 and 14 on the chart), the DRI will be 1.5. Other combinations of 
dry bulb and depression will give the same result. For example dry bulb could be left at 120º F and the 
depression increased to 17º F, or the dry bulb could be raised to 140º F. and the depression left at 10º F. 
All of these would result in a 1.5 DRI and thus would dry the lumber at 5% per day. 
 
Note that in the above three choices, 130/13, 120/17 and 140/10, the EMC is 10.5, 9.1 and 11.9 
respectively. It is clear that EMC has nothing to do with how fast lumber dries but it does mean that low 
temperatures and bigger depressions may mean the surface moisture content will be lower. In some 
cases, were this pressed to an extreme, it may make the surface shrink too much so that factor should be 
considered. 
 
The best way to use the drying chart is to check the kiln each day. Calculate the moisture loss and then 
adjust the kiln temperature and humidity each day to achieve the drying rate desired. Each charge of 
lumber will be different and will result in a different drying schedule. For this reason, it will be clear 
that drying schedules are of little use except as a starting point. None of the drying schedule published 
state at what airflow they were developed. So running a schedule from a manual or another operation is 
ineffective as the airflow in the kiln may be different and may change through the cycle if variable 
speed fans are used. 
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REPRINTED FROM: FPRS WOOD DRYING NEWS DIGEST B-4.11 April 1984 
 
                      “Using  a  Home  Microwave  Oven  for  Oven-Drying” 
         Gene Wengert, Department of Forest Products, VA Tech Blacksburg, VA 24061 
 
  Many times in wood products manufacturing, we need to know the MC of wood. The 
process of measuring MC accurately typically involves cutting a small sample, weighing it, oven-drying 
it for 24-hours and reweighing it. The microwave oven can be used in this process to oven-dry small 
samples or sections in order to obtain their MC in minutes rather than in hours or days. Tests we have 
conducted   with   oak   show   that   the  MC’s   from   the  microwave   oven   are   identical   to   standard   hot-air 
oven-drying at 217 degrees F. 
 
  In the dry kiln operation, we have the sample board method of estimating MC using 
moisture sections. This microwave oven technique is not meant to replace the sample board method. 
Rather, with the microwave, the time involved in oven-drying the sections can be shortened to minutes, 
providing  better  information  on  MC’s  for  kiln  operation,  especially  for  startup and shutdown. 
 
  The major requirements for this technique are that the microwave oven must have a 
carousel tray to slowly spin the lumber in the microwave. In addition, a microwave oven can only be 
used successfully by following special procedures. These special procedures are required because (1) 
microwave energy in the oven is not uniformly distributed resulting in non-uniform drying of the wood 
samples, and (2) over drying is likely result in smoking and burning of the samples. 
 
  The correct procedures are: 
  (1)  Cut a 1- inch along-the-grain moisture section or sample, as is    
  typically done for hot-air-oven drying methods. Weigh this section   
  immediately after cutting. 
  (2)  Place the wood sections on a paper towel near the outside edge of   
  the carousel tray, not in the center.  (This prevents uneven drying) 
  (3)  Use a medium-low or low power setting.  (This prevents smoking of   
  the sections.)  The time required for oven-drying is approximately    
  10-minutes for dry pieces and 20 minutes or longer for wetter pieces. 
  (4)  Weigh the section after the initial drying and then dry for an    
  additional minute. Reweigh the section. If the section weights are the   
  same, then it is oven-dry. 
  (5)  Use the same formula to calculate MC with a microwave oven as with  
   a hot-air oven. 
 
Published by: Drying & Storage Technical Committee 
Forest Products Research Society 2801 Marchall Court, Madison, WI 53705 USA 
608-231-1361 
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Types and Causes of Drying Degrade 
 
 
 
 
 

By 
 

Gene Wengert 
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Dr. Wengert is well known in the lumber drying industry for his ability to translate complex scientific 
research into practical, common-sense ideas. He conducts many drying seminars for management and 
operators and conducts many in-plant quality assessments. He worked at the US Forest Products Lab 
for 15 years before joining Virginia Tech in 1976. 
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Drying degrade is the loss of value or the loss of quality that occurs during drying. Loss of value 
includes checks, splits, warp and so on that reduces the NHLA grade of lumber. The loss of quality in 
drying may include both the losses recorded by NHLA grades and the losses that show up as 
subsequent manufacturing occurs, such as too wet lumber, casehardening and honeycomb. Quality 
losses are often difficult to measure. Quality losses may occur without a loss of NHLA grade. (For 
example, end splits and surface checks will often times not affect the grade but will affect the yield of 
furniture parts.) 
 
The US Forest Service has measured the losses in air drying in Pennsylvania. These losses vary with 
species, the heavier and more expensive have more degrade. 
 
    Table 1 Value* Losses in Air Drying 
 
    Species  Loss 
     
    Basswood  8% 
    Birch   6% 
    Hard Maple  14% 
    Red Oak  13% 
    White Oak  15% 
                                                       
    *Based on 1983 lumber prices and 
           NHLA Grading before and after drying. 
 
In addition, the US Forest Service study shows that the losses are greater for the upper grades. 
 
             Table 2 - Value* Losses in Air Drying          
  
   Grade   Red Oak  White Oak 
 
   FAS Select   6-10%     8-11% 
   No. 1 Common    7       10 
   No. 2 Common    2        4 
   No. 3A Common    4        7 
   No. 3B Common    1        2 
                                                                           
 
These degrade losses become more important when it is recognized that degrade losses can be as 
expensive as the total operating expenses. 
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Table 3 - Operating Costs for Drying 
 
    Item   Cost 
 
    Stacking  $20 
    Air Drying  $30-50 
    Kiln Drying  $20-50 
                                                         
        Subtotal $50-120 
    Degrade  $20-80 
              
        Based on a VA tech drying cost assessment report for 1983. 
 
The degrade costs in Table 3 are only the value losses and do not include subsequent manufacturing 
problems due to improper drying such as excessive casehardening or too wet lumber. Also, another 
important concept is for the costs of drying listed above, degrade is the major item that can be 
controlled to reduce costs; the other cost items can be reduced only slightly with improved efficiency. 
 
Causes of Degrade 
 
 There are five fundamental causes of drying degrade. It is as simple as this. 
 1.  Drying too fast 
 2.  Drying too slowly 
 3.  Poor stacking 
 4.  Operational errors 
 5.  Wood-related factors 
 
Let’s  relate  these causes to the various types of degrade. 
 
Drying too fast will result in surface checking, end checking, internal checks (honeycombing, fine 
hairline cracks and bottlenecking checks), splits, cracks and collapse. 
 
Drying too slowly will result in stain (both fungal stain such as blue stain, chemical stain such as sticker 
stain, brown stain and the like), mold, mildew decay, warp, and especially cupping. 
 
Poor stacking results in warp, especially bow, twists, and uneven drying. 
 
Operational errors  result in lumber that is too wet (usually very serious) or too dry, drying stresses 
(casehardening)  that  are  not  removed,  resin  in  softwoods  that  is  not  “set”  and  loss  of  aromatic  odors  (in  
red cedar). 
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Wood – related factors result in ring failure (or wind shake), bad odors, checked and loosened knots, 
boxed-heart splits, fallen knots, and warp, especially crook. These defects are inevitable and are not 
controllable in drying. 

In addition to the above categories, there are also manufacturing defects that can occur in subsequent 
processing that are directly related to and a result of the drying procedures. These processing defects 
include machining problems (including raised grain, chipped grain, fuzzy grain, torn grain, planer 
splits, saw pinching, non-straight cuts, flying out of the lathe and kickbacks); gluing problems 
(including open joints and weak joints) and miscellaneous problems such as panel warping, panel end 
splits and many finishing problems. Most processing defects are related to incorrect MC of the lumber; 
the lumber should be dried to a MC within 2% of the MC it will be at in storage, manufacturing and 
use. The MC after drying is related directly to the relative humidity of the air.  

 

Table 4 – Summary of Dominant Causes of Drying Degrade 

Type Cause
Drying too fast           

(Velocity too high)                 
(RH too high)

Drying too slowly 
(Velocity too low) 

RH too low)

Poor Stacking Operational 
Errors

Wood 
Related 
Factors

Surface Checks X X X (1) X (2)
End Checks X
Internal Checks X X (3) X (2)
Splits/ Cracks X X (4)
Collapse X X (5)
Blue Stain X X
Mold/ Mildew X X
Decay X X
Coffee or Brown Stain X X X X (2, 5)
Sticker Stain X X (6)
Pinkering X (7)
Twist X (8)
Cup X X (9) X (10,11)
Bow X X (8)
Crook X (4)
Diamond/ Oval X (11)
Warp After Drying X (12)
Uneven Drying X X X (13)
Too Wet X(14)
Too Dry X(14)
Casehardened X (14)
Resin Not Set X (15)
Ring Failure/ Wind Shake X (2)
Loss of Aromatic Odor X (16)
Loosened Knot X
Checked Knot X
Heart Split X (11)
Raised Grain X (18)
Chipped, Fuzz, Torn Grain X X (19)
Planer Splits X (9)
Bad Smell X (2)
End Splits After Drying X (11)  

See notes on following page. 
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Notes: 
1.   Rewetting a dried surface; too high a temperature initially 
2.   Bacterially infected wood 
3.   Rewetting a dried surface; too high a temperature above 30% MC 
4.   Tension wood, compressed wood, juvenile wood 
5    Enzymatic oxidation reaction influenced by temperature, humidity and MC 
6.   Wet stickers or wide stickers 
7.    Excessive temperature 
8.   Grain angle 
9.   Too dry or casehardened 
10.  Lumber from small diameter trees 
11.  Difference between radial and tangential shrinkage 
12.    Change  in  MC  of  lumber  after  drying;;  lumber  MC  not  equal  to  air’s  EMC 
13.  Mixed species; heart/sap; thick/thin; lowland/upland; variable velocities 
14.  Poor samples; incorrect MC measurement; equipment problems; poor schedule of             
       procedures 
15.  Softwoods only; use 106ºF or higher 
16.  Keep temperature below 90º 
17.  Knot was held only by resin in tree 
18.  Density differences springwood to summerwood and equipment setup 
19.  MC too high or too low; equipment set-up 
 
      Table 5- MC of Lumber after Long-term Exposure to Specified Relative Humidity       
 
    RH   MC of Lumber 
 
    0%    0% 
    30    6 
    55    10 
    77    15 
                                                                                                                        
 
Summary 
 
Drying degrade is an expensive part of lumber drying, but with few exceptions is totally controllable. A 
well trained operator following specified procedures and using common sense with proper equipment 
can limit degrade to within 2%.      
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Equalizing moisture content and condition for stress relief 
 
 

The term equalizing used in connection with drying is just what the word implies. We are attempting to 
narrow the range of moisture content between the inside and the outside of the pieces of lumber and to 
narrow the range in moisture content between different pieces in the charge. 
 
Let us look a moment at the moisture distribution pattern in a piece of lumber which is drying. Moisture 
is evaporating from the surface. This lowers the moisture content of the surface below that of the 
interior, in other words, moisture gradient is established and this is maintained as long as drying takes 
place, although the pattern of the gradient changes as the moisture content of the lumber is reduced. In 
the early stages of drying there is a large difference in moisture content between outside and interior, 
while in the late stages of drying the difference is much less. 
 
In order to maintain a satisfactory drying rate in a kiln the EMC is lowered from time to time. For 
example, if the final target moisture content was 8%, EMC in the final stages of drying might be set as 
low as 3%. Some boards always dry faster than others, so when the target moisture content is being 
approached the driest should be watched in order to prevent them from reaching too low a moisture 
content. The rule of thumb used is: when the driest samples have an average moisture content 1% 
below the target moisture content, start equalizing. To accomplish this, the EMC is set at this target 
moisture content. 
 
Now what happens? First let us see what our moisture gradient is in these dry samples. If the average 
moisture content is 6% and the EMC is 2%, the moisture content at the center will be approximately 
8%*, that is, there will exist a moisture gradient from 8% in the center to 2% at the surface. This is a 
much flatter moisture gradient curve than existed in the earlier stage of drying. Raising the EMC from 
2% to 6% will result in some moisture pick-up at the surface of the boards, thus narrowing the range of 
moisture content within the board. During this process the wetter boards are continuing to dry, at slower 
rate, but still drying while the drier boards are being prevented from losing moisture. 

 

 

___________________________________________________________________________________
_ 

*computed with the approximate equation: 
 Y=3/2 (A - EMC) + EMC 
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Where Y equals moisture content percent at mid-thickness and A equals the average moisture content 
percent of the piece.  
 
The equalizing process should continue until the range of average moisture content between boards 
comes within the tolerances which are satisfactory for the end use of the product. At the same time, the 
moisture gradient within the boards is also reduced. 
 
Once the charge has been equalized, we are ready to relieve seasoning stresses. It is inevitable and 
unavoidable that stress develops in lumber in the process of drying. Good drying practice attempts to 
keep these stresses low enough so that will not damage the wood, notably through the development of 
checks. 
 
In order to understand what we are doing when we condition, we should also understand how these 
residual stresses come about. Actually, the process is very complicated and does not lend itself well to 
mathematical analysis, It simplifies the matter (perhaps to the point of over simplification) if we think 
of the cross sections of a piece of lumber as make up of two areas, i.e., the shell and the core. At the 
start of drying, moisture evaporates from the shell and it soon starts to shrink. Due to the moisture 
gradient, the core is still green and full size. Consequently, the shell becomes stretched over this core, 
that is, it develops a tensile stress perpendicular to the grain. If this stretching is carried on to the point 
of failure, checks will develop. The stretched shell exerts a compressed force on the core similar in 
nature to the compressive force that would be exerted on a piece of wood if a heavy elastic band were 
stretched around it. These internal stresses, compression and tension, are equal and opposite, that is, 
they are in balance with the lumber. The shell dries in this stretched condition and takes a permanent 
set. If it were sliced away from the rest of the wood, it would be somewhat shorter, but would also 
retain some of its stretched dimension. It has taken on a tension set. It is possible, under certain 
circumstances, that the shrinking shell will exert enough pressure on the core to cause a compression set 
in that area. 
 
Let us now consider the stage of drying where enough moisture has moved out of the core so that it 
starts to shrink. Now visualize, if you can, what is happening. The shell is larger than normal due to the 
tension set it has acquired. The core tends to shrink normally but it will be resisted to some extent by 
the shell. The original balanced stresses of tension in the shell and compression in the core become 
reversed with tension in the core and compression in the shell. It is at this point that checks may close 
up and also where honeycombing may start in the interior. 
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How does conditioning relieve this stressed condition? If we raise the humidity in the kiln the shell will 
absorb moisture and will swell. Swelling will be resisted by the core which has not changed in 
moisture. With swelling, the compressive stress in the shell is increased. If the shell is swelled just 
enough it will compress the wood and remove the tensile set developed in the early stages of drying and 
thus relieving the internal stresses in the wood. The usual recommendation is that the EMC used for 
conditioning be 2 to 3 percent above the final target moisture content. This higher EMC is necessary to 
overcome the natural lag effect when wood reabsorbs moisture. 
 
The standard test for drying stresses is cut across section from a piece of lumber one inch along the 
grain and saw the prongs. If the lumber is casehardened the outer prongs will turn inward. Fig. 3b. If the 
conditioning has been successful the prongs will remain straight on cutting. Fig. 3a. Such stress-free 
lumber is ready for further manufacture or use with a minimum loss. 
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Controlling Drying to Achieve Zero Defects 
 
Degrade in lumber drying - that is, the loss of value and/or quality during drying due to warp, splits, 
checks, stain and so on - is not inevitable but can be controlled easily and effectively by the operator of 
the drying equipment. The first step in controlling degrade is to identify the type and the basic cause of 
the degrade. Then changes in procedures or equipment can be made to correct the problem. Degrade 
losses can be very high and can affect subsequent processing, therefore considerable effort should be 
made to run drying equipment properly and use accepted procedures. The key to degrade control is 
understanding how wood dries. 
 
How Wood Dries 
There are three environmental factors* that influence the drying of wood. These are temperature (often 
called the dry bulb), humidity (often traditionally referred to the wet bulb) and air velocity. 
 
Temperature: 
Water in wood moves more rapidly (i.e., wood dries faster) at higher temperatures. In most cases drying 
is more uniform at higher temperatures (for example 100ºF vs. 85ºF). Also, higher temperatures in 
conventional kilns save energy. (Although heat loss through the wall is increased, faster drying, more 
efficient venting, and better equipment performance offset this loss.) As a result, higher temperatures 
are better than low temperatures. 
 
On the other hand, wood is weaker at higher temperatures. (For example, 100ºF to 120ºF can reduce 
some strength properties by over 10 %.) Therefore, lower temperatures are preferred. As a result of 
weaker wood (and faster drying), for some species - most notably oak and beech, but almost all species 
are affected - raising the dry bulb temperature will increase degrade when the wood is  at  MC’s  above  
20%. The problem is worse when lumber is thicker. On the other hand, there are problems with 
temperature that are too low as well, as mentioned above. 
 
As a result, the drying procedures must use a compromise initial temperature, not too low - usually 
below 90ºF is too low - and not too high - not above 115ºF for oak and up to 160ºF for yellow poplar, 
basswood and soft maple. Below 20% MC, the strength loss due to higher temperatures is offset by 
drier wood so elevated temperatures can be used. 
              
 
 
 
* In air drying, two other factors - precipitation and windblown dust - also influence degrade. 
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Table 1 - Temperature Sensitivity of 4/4 Lumber 
Range of Recommended Initial Temperature 

 115ºF and below      115ºF - 135ºF   Over 135ºF 
 Oak        Apple    Aspen 
 Redwood       Ash     Basswood 
         Beech    Paper Birch 
         Yellow Birch   Cottonwood  
         Cherry    Sap Gum 
         Elm     Yellow - Poplar 
         Hickory    Fir 
         Maple    Hemlock 
         Walnut    Pine 
         Spruce 
              
Note: Use standard schedules religiously when first drying a new species. 
 
Humidity: 
Water in wood will move more rapidly as the relative humidity is lowered (which at a constant dry bulb 
temperature is the same as lowering the bulb temperature or increasing the depression). Similarly, 
drying is more uniform in lower relative humidities, both uniformity end-to-end and through the load. 
Also, warp is less at lower humidities. However, the faster drying rates for some species can, during the 
loss of the first 1/3 of moisture from the green condition, create increased degrade due to surface 
checking. Therefore higher humidities are preferred to control degrade. 
 
As a result, the humidity in a kiln is a compromise between the benefits of low humidifies and the 
benefits from high humidities. One - inch oak and beech may use initial humanities as high as 88%, 
while basswood can tolerate initial humidifies as low as 40%. The exact initial humidity recommend is 
based on the dry bulb temperature and velocity. 
 

Table 2 - Sensitivity of Lumber to Initial Humidity 
Range of Recommended Initial Relative Humidity 

 Above 85% RH  78% to 84% RH  Below 78% RH 
 Apple    Ash    Aspen 
 Beech    P. Birch   Sap Gum 
 Hickory   Y. Birch   Fir 
 Oak    Elm     
     Maple 
     Walnut 
     Yellow - Poplar  
     Hemlock 
     Spruce 
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Velocity:  
The velocity of air affects the drying of lumber when the MC is greater than 40%. The higher the 
velocity, the faster the drying and the more uniform the drying. (Uniformity is greatly decreased at 
lower temperatures (below 90ºF) and higher humidifies (above 80%) such as conventional warehouse - 
type predryers.) 
 
On the other hand, higher velocities are likely to cause checking for some species if drying too rapid. 
As before, the preferred conditions are a compromise between the benefits and the risks. In most kilns, 
a velocity of 300-350- feet  per  minute  through  the  load  of  lumber,  measured  on  the  “leaving  air”  side  is  
desired, although higher velocities for some species such as aspen, gum, soft maple, fir and pine are 
acceptable. 
 
Operating Guideline 
There is a complex relationship between RH and velocity. When the velocities are below 300 fpm, the 
humidities can be lowered safely; when velocities are in excess of 350 fpm, the humidity usually must 
be higher than typical. The overall effort in controlling degrade by manipulating humidity and velocity 
is to control the daily moisture loss. 
 
Regardless of the species or thickness being dried, there is a maximum moisture content loss per day 
that the wood can tolerate. Exceeding this rate of loss for a piece of lumber will greatly increase the 
likelihood of degrade, such as checking. On the other hand, drying much slower than the maximum safe 
rate can result in stain and excessive drying costs. This rate should not be exceeded during the critical 
period of drying, the loss of the 1/3 moisture from green. After this first critical stage, the rate may slow 
down somewhat due to the resistance that dry wood has to drying. The safe rates are based on losses 
measured from properly kiln samples using typical FPL schedules. 
 

Table 3 - Drying Rates 
Species      Maximum Daily Rate of Loss 
       4/4    8/4   
Beech       4.5    1.8 
Y. Birch                     6.1    2.4 
Cherry       5.8    2.3 
Elm       10.4    4.1 
Soft Maple      13.8    5.5 
Hard Maple      6.5    5.5 
Red Upland Oak                   3.8    1.5 
White Upland Oak     2.5    1.5 
Southern Oak                                1 to 3    ---- 
Walnut                              8.0    3.3 
Yellow - Poplar                    25    10   

Summary 
The three variables that control the rate of drying and drying quality are temperature, humidity and 
velocity. These variables can be manipulated to provide uniform, rapid drying, provided established 
guidelines and rules-of-thumb are considered. 
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20 Tips to Drying Success          By Gene Wengert 
If you are running a small sawmill and selling green lumber, profits can sometimes look a little small. Should you kiln dry some of 
your   lumber   increase  your  bottom   line?  You  bet!  Drying   isn’t   as  hard  as  many  people   say   it   is,   it’s   financially  attractive,   and  
essential for good profitability for a small sawyer. In past issues of this magazine I have written about various aspects of drying 
lumber: different types of drying, ways to avoid ruining a load, stickering, moisture meters and even handling between your mill 
and kiln. It is easy, with proper attention to details, to make $150 per MBF profit selling kiln dried instead of green. As a quick 
review, here are 20 tips for dying success.   
 
1. Always use as fresh logs as possible. Older logs (as little as 6 weeks) are much more prone to developing a variety of discolorations and 
checking of the surface, ends and internally.   
 
2. Always sort your green lumber into value classes. Do not put money and effort into drying low-quality, low-value lumber. Sell low 
value lumber ASAP. Spend your valuable time and money on the upper-grade, high value products.   
 
3. Sticker your lumber carefully using dry, ¾ inch thick stickers, spaced 18 inches apart.   
 
4. Avoid open-air drying. Instead, put the lumber into whatever kiln system you are using right away. If this is not possible, put stickered 
lumber into an open shed, protection it from the rain and sun. Use plastic mesh over the lumber pile to prevent excessively fast drying for 
critical species and thickness.  
 
 5. If you are drying less than 50 MBF a year, use a solar kiln. For more predictable results and for quantities up to 2 million BF a year, 
use a dehumidification kiln. Small kilns, up to 12 MBF capacity, are usually the most versatile.  
 
 6.  Attend  a  three  to  five  days  beginner’s  drying  training  school.  The  knowledge  you’ll  gain  is  essential  for  good  operation  of your kiln.   
 
7. Contact your state forestry officials to see if they can look your operation over and make suggestions for improvement; or hire a 
consultant to so the same.   
 
8. Do not accelerate kiln schedules. With 50 years of experience, the published schedules should be followed religiously.  
 
 9. Never put drying lumber in humid location where it will regain moisture or where it will be exposed to liquid water. Rewetting causes 
warp, stain and checking to increase. 
 
10. Keep records so that if something does go wrong, you can analyze the situation and avoid the problem in the future.   
 
11. When doing your taxes, a kiln is usually depreciated as a piece of equipment rather than as a building.   
 
12. Follow the book when preparing kiln samples. Short cuts are very risky.   
 
13. Keep kiln-dried (KD) lumber in a dry building - 38 percent relative humidity (RH) will maintain the lumber at 7 percent moisture 
content (MC) and is ideal for most lumber. Add a little heat to the building to lower the RH when needed. Without heat, an open storage 
shed will allow KD lumber to come back to 12 MC.   
 
14. Always double check final MC. More than 75 percent of complaints involving KD lumber are about MC. Learn the MC requirements 
of your customers.   
 
15. When shipping lumber to customer, always check the MC again and put the values on the shipping documents.   
 
16. You do not make any money sawing or drying lumber. You only make money when the lumber is sold. Attend a class on marketing. 
This will assure that you are getting good value for your products.   
 
17. Good packaging goes a long way in defining the quality of your product. Consider a lumber pile to be similar to a package of 
strawberries in the store - which ones are on the top? The best! Packaging is part of drying.   
 
18. Consider planing some of your KD lumber and doing a little remanufacturing to make it look great and also to meet the needs of 
smaller woodworkers. Small, high - quality pieces of planed walnut, cherry and oak lumber can sell $7 per BF.   
 
19. When planning your kiln, always plan for expansion. Many kiln drying operations double in size within two years.   
 
20.  Make  sure  you  have  the  time  to  watch  your  kiln  daily  and  make  needed  adjustments.  If  you  don’t  have  the  time,  hire  someone to do it. 
Avoid disasters by catching them early.           
________________________________________________________________________________________________________ 
 Gene Wengert is an extension specialist and professor of wood processing in the Department of Forest Ecology and Management at 
University of Wisconsin - Madison    
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End Coating 
 
 
End coatings are not usually required when lumber is placed in the kiln directly after being sawn. 
However when lumber is air dried prior to kiln drying, end coating is often helpful in preventing end 
checks 
 
U.C. Coatings is the major supplier of end coatings 
 
Contact them for further information: 
U.C. Coatings 
P.O. Box 1066 
Buffalo, NY 14215 
Telephone: 716-833-9366 
Fax: 716-833-0120 
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IMPORTANT DRYING PUBLICATIONS 
 
HARDWOODS (primarily) 
 
Drying Oak Lumber by E. M. Wengert. Available from University of Wisconsin-Madison, Department of Forest Ecology 
and Management, 1630 Linden Drive, Madison, WI 53706. 
 
Kiln  Operator’s  Manual  for  Eastern  Canada by M.Y. Cech and F. Pfaff. Available from Forintek Canada Corp., 800 
Montreal Rd., Ottawa, CANADA K1G 3Z5. 
 
Opportunities for Dehumidification Drying of Hardwood Lumber by E. M. Wengert & others. Available from Virginia 
Forest Products Association, P.O. Box 160, Sandston, VA 23150. 
 
Drying Hardwood Lumber by Joe Denig and others. Available from the Wood Education and Resource Center, 301 
Hardwood Lane, Princeton, WV 24740-7513. 
 
Quality Drying Of Hardwood Lumber-Guidebook-Checklist by R. S. Boone. Available from the U.S. Forest Products 
Laboratory, One Gifford Pinchot Drive, Madison, WI 53705-2398. 
 
Effective Predryer Operations by K. Eckert and R. Little. Available from the Forest Products Society, 2801 Marshall Ct., 
Madison, WI 53705. 
 
SOFTWOODS (primarily) 
 
Drying Southern Pine Lumber by E. M. Wengert and J. R. Beckwith, III Available from Southeastern Lumber 
Manufactures Association, P.O. Box 1788, Forest Park, GA 30051. 
 
High Temperature Drying by Larry Culpepper. Available from Miller Freeman Books, 600 Harrison Street, San Francisco, 
CA 94107. 
 
Softwood Drying by Lary Culpepper. Available from Miller Freeman Books, 600 Harrison Street, San Francisco, CA 
94107 
 
Drying Pacific Northwest Species for Quality Markets. Conference Proceedings. Available from the Forest Products 
Society, 2801 Marshall Ct., Madison, WI 53705 
 
Quality Drying of Softwood Lumber-Guidebook-Checklist by M. Milota and others. Available from U.S. Forest Products 
Laboratory, One Gifford Pinchot Drive, Madison, WI 53705-2398 
 
HARDWOODS AND SOFTWOODS 
 
Lumber Drying Sourcebook, 40 Years of Practical Experience edited by E. M. Wengert and R. Toennisson. Available 
from the Forest Products Society, 2801 Marshall Ct., Madison WI 53705 
 
Dry  Kiln  Operator’s  Manual by the U.S. Forest Products Lab. Available from the Forest Products Society, 2801 Marshall 
Ct., Madison, WI 53705. 
 
Drying Lumber for Quality and  Profit. Meeting Proceedings. Available from the Forest Products Society, 2801 Marshall 
Ct., Madison, WI  53705. 

3-25 



Drying Managmement Notes by E. M. Wengert. Available from Pace Products, P.O. Box 10925, Overland Park, KS  
66210. 
 
Dry Kiln Schedules for Commercial Woods By R. S. Boone and others. Available from Forest Products Society, 2801 
Marshall Ct., WI  53705. 
 
Lumber Defects Caused By Insects, Fungi, and Chemical Stains by H. B. Moore and others. Publ. AG-425. Available 
from Agric. Communications, Campus Box 7603, NC State University, Raleigh, NC 27695-7603. 
 
Making Management Decisions in Drying by E. M. Wengert and F. Lamb. Available from Virginia Forest Products 
Association, P.O. Box 160, Sandston, VA  23150 
 
Storage of Lumber by R. C. Rietz, U.S. Dept of Agriculture Handbook No. 351. (Out-of-print: See library for copy.). 
 
The Conversion and Seasoning of Wood by W. H. Brown. Available from Linden Publishing, 3645 N. Blackstone, 
Fresno, CA 93728. 
 
Air Drying of Lumber by the U.S. Forest Products Laboratory. Available from the Wood Education and Resource Center, 
301 Hardwood Lane, Princeton, WV 24740-7513. 
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General Maintenance for L53 
 
 
The L53 is designed for continuous duty, with little maintenance. However, when a problem 
does arise prompt repair will ensure long life for the machine. 
 
The blower system is direct drive and the motor has sealed high temperature ball bearings. This 
unit does not need regular maintenance. 
 
The air filter should be washed when dirty and replaced when necessary. If the filter becomes 
clogged, the air supply will be drastically reduced, causing the heater to overheat and the 
refrigeration system to overload. 
 
The refrigeration system is a sealed system with its own oil supply. Again regular maintenance is 
not required. However, if the system is not removing the normal amount of water at the 
appropriate conditions, the refrigeration system should be looked at by a reputable refrigeration 
mechanic. When the system experiences reduced water output, this is generally associated with a 
leak in the refrigeration system. If the leak is found and repaired before the system is empty, 
there is little chance that the system will be contaminated with moisture. If the system is ignored 
for a long period of time, moisture can enter the system and combine with the refrigerant to form 
acid. The system will then corrode from the inside-out if not corrected properly. 
 
 

 

 

Air Inlet Filters 
 
 
The air filters are provided to keep the air inside the unit as clean as possible. Dirt build-up on 
the coils will lead to poor heat transfer with loss of capacity. In extreme cases, the coil will 
completely clog. The supplied filter is washable and should be replaced when worn. 
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Refrigerant Charging Procedure L53 
 
 
The refrigeration system is a closed loop system with its own lubrication oil supply. Nyle uses 
only the best trade practices when assembling these systems, such as silver soldering in an inert 
environment, etc. The system should give years of trouble free service. However, if the system is 
not removing the right amount of water, or if a problem should arise from rough shipping or a 
refrigeration leak, the system should only be worked on by a qualified refrigeration mechanic. 
He should be warned that the conditions are different than he is used to seeing. 
 
These systems operate over a very wide temperature and humidity range. The pressures will be 
relatively high when compared to air conditioners and heat pumps. For these reasons, you cannot 
charge by the sight glass, the sight glass will eventually clear at certain conditions but it is 
unlikely that those conditions will exist when servicing. 
 
If the kiln is loaded with lumber, it will be very dangerous to run the kiln at extreme limits, as the 
lumber will degrade severely. With this danger factor and the factor of time involved of heating 
the kiln, Nyle insists that these machines have weighed in charge. The amount is as follows: 
 
 
L53 39 oz.   R-416a (FR-12) 

CALL NYLE IF YOUR TECHNICIAN LACKS THE RECOMMENDED REFRIGERANT. 
We can recommend alternatives. 
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