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1 – SCOPE OF WORK: 
 
This method statement covers the installation of refrigerant copper pipes, connections, 
testing and system start up for all direct expansion AC units (ex: Split AC units, etc….). 
 
Installation of DX units shall be as per project specifications and approved drawings. 
 
2- REFERENCES: 
 

2.1- Project Specifications – Lot 33. 
2.2- Approved Material Submittals. 
2.3- Approved Shop Drawings. 
2.4- ASHRAE 2000 – Systems and Equipments S05 and S45. 
2.5- Residential Construction Academy – HVAC – 2005. 

 
3 – Refrigerant Copper Pipes Installation: 
 
3.1- Material: All Refrigerant Copper pipes which will be used in this project shall be of 

ACR Soft-Drawn Copper Tubing. This type of tube is usually delivered in 20, 30, and 
50 or even 100 ft Roll (as shown in fig 5-3) which will reduce the number of fittings 
because this type of pipes can be easily bent to any desired angle. 

 

   
 
3.2- Copper Pipes Operations: 
3.2.1- Unrolling: the best way to unroll the copper pipe roll is to place the loose end on 

the ground and hold it in place with hand of foot (as shown in fig 5-4). Then, 
carefully unroll the tubing, keeping the roll on the ground as it’s unrolled. Simply 
pulling the tubing off the coil will result in twisting the tubing, creating waves in the 
line and reducing the efficiency of the coil. 

3.2.2- Cutting: when copper piping is carrying refrigerant between the component parts 
of an air conditioning system, it’s recommended that the tubing be cut with the 
tubing cutter (fig A-1). 

 



 

       
                                
                                 Fig – A-1                                             Fig – A-2 
 

◘ Mark the pipe with pencil at the desired cutting point: 
◘ Place the tubing cutter around the pipe and tighten the handle so that the cutting 

wheel is snug against the pipe surface at the pencil mark. The wheel should be tight 
enough to hold the cutter in place, but not so tight as to create and indentation in 
the pipe. 

◘ Slowly rotate the tubing cutter around the pipe, 1 or 2 turns, until the pressure of the 
cutting wheel on the pipe is reduced. 

◘ Tighten the adjusting handle 1/8 to ¾ turns to snug the cutting wheel against the 
pipe surface again. 

◘ Repeat the tightening and turning of the cutter until the tubing is cut. 
 

 
3.2.3- Bending: bending of soft drawn copper pipes could be achieved by using bending 

springs (Fig A-3). Simply place the bending springs over the tubing and bend the 
spring into the desired shape. The spring will evenly distribute the pressure, 
preventing the tubing from getting crimped. 
Also bending can de done by using the tubing bender (Fig A-4). This type of 
bender facilitates the bending of tubing at precise locations and to the desired 
angle. Tubing bender is available in sizes ranging from ¼” to more than 7/8”. 



 

       
 
                                        Fig A-3                                                  Fig A-4 
 
3.2.4- Swaging: it’s the process by which two pieces of soft drawn copper tubing with the 

same diameter can be joined together by stretching the end of one of the sections. 
Once the end has been swaged or stretched, the unswaged end will fit on it.  

   
                                               Fig A-5                           Fig A-6 
 

To perform the swage, a flaring block (fig A-5), hammer, and proper size swaging 
tools (Fig A-6) are needed. 
 
The following procedure must be followed for proper swaging of a copper pipe: 
 

◘ Locate the proper hole in the flaring block. The proper hole is marked with the 
measurement that corresponds to the outside diameter of the tubing. 

◘ Insert the section of soft drawn tubing to be swaged into the proper hole in the 
flaring block so that tubing extends a distance equal to the diameter of the tube plus 
about 1/8”.make certain that the end of the tube to be swaged protrudes from the 
side of the block that has the beveled or angled edge (Fig A-7). 

 



 
              Fig A-7 

 
◘ tighten the flaring block around the tubing, applying pressure and tightening the 

wing nuts equally to ensure that the 2 pieces of the block secure the tubing evenly. 
◘ Insert the swaging tool (Fig A-6) into the tubing and strike the swaging tool firmly 

with a hammer (Fig A-8). 

 
Fig A-8 

 
◘ Rotate the flaring block ½ turn and strike the swaging tool again. 
◘ Repeat the previous step until the swag has reached a length approximately equal 

to the diameter of the tubing. 
 
3.2.5- Flaring: the flare connection is used to join a section of soft drawn copper tubing to 

a male threaded flare fitting or system component. As the name suggest, flaring 
means that the end of the soft drawn tubing is flared to a 45-degree angle. This 
flared portion of tubing will rest against the male portion of the fitting being 
connected and will be held in place with a flare nut (Fig A-10). To perform the 
flaring process, a flaring block (Fig A-5) and a flaring yoke are needed (Fig A-9). 

   
                    Fig A-9                                                         Fig A-10 
 
The following procedure must be followed for proper Flaring of a copper pipe: 
 

◘ Cut the tubing to the desired length and ream. 



 
◘ Place the flare nut over the end of the tubing with the threaded portion of the nut 

facing the end of the tubing (Fig A-10). 
◘ Insert the section of soft drawn tubing to be swaged into the proper hole in the 

flaring block so that the tubing extends a distance about equal to the diameter of a 
nickel. 

◘ Make certain that the end of the tube to be swaged protrudes from the side of the 
block that has the beveled or angled edge (Fig A-11). 

     
 
                                         Fig A-11                                     Fig A-12 
 

◘ Tighten the flaring block around the tubing, applying pressure and tightening the 
wing nuts equally to ensure that the two pieces of the block secure the tubing 
evenly. 

◘ Place the yoke around the block and position the cone over the opening of the 
tubing (Fig A-12). 

◘ Turn the screw handle on the yoke until the cone comes in contact with the tubing. 
Tighten the screw handle an additional ¾ of a turn. 

◘ Loosen the screw handle ¼ of a turn. 
◘ Repeat the tightness process until the cone of the yoke is tight against the flaring 

block. 
◘ Inspect the flare for cracks or other imperfections. If the flare is cracked, cut the 

flared end off and re-flare the tubing. Cracked flares will leak. 
 

 
Fig A-13 

 
3.2.6- Soldering: soldering is a process that is frequently used to join a section of piping 

material to another piping section or a pipe fitting or system component. Materials 



 
that are commonly soldered are often made of either copper or brass. During the 
soldering process the pipe joint is heated to the desired temperature, usually in the 
500º F range, and a filler material is introduced to the space between the pipe 
sections (Fig A-14). 

 

 
Fig A-14 

 
The heat of the pipe causes the filler material to melt, filling the gap between the 
two sections. As the filler material cool, it hardens to seal the joint between the 
pipes. Different filler materials are used for different applications. Two commonly 
used filler materials: 
 
50/50 – 50% tin, 50% lead, used for lower pressure applications. Not to be used 
on potable water supplies. 
 
95/5 – 95% tin, 5% antimony, used for higher pressure applications. provides 
greater joint strength. 
 
To perform the soldering process, pipe brushes, sand cloth or steel wool, a striker, 
solder, flux, flux brushes, refrigeration service wrench and a heat source such as 
air-acetylene torch kit are needed (Fig A-15). 
 



 

 
Fig A-15 

 
For step by step soldering, the following procedure must be followed: 
 

        
                               Fig A-16                                        Fig A-17 

◘ Properly cut and ream the section to be joined. Refer to cutting procedure section 
3.2.2. 

◘  Using sand cloth or steel wool and the correct size pipe brush, clean the male and 
female portions of the joint being soldered (Fig A-16). 

◘ Using a flux brush, apply flux to the male portion of the joint (Fig A-17). 
◘ Insert the male portion of the joint into the female end. 
◘ Before connecting the acetylene regulator to the tank, quickly open and close the 

stem on the tank using the refrigeration service wrench. This will blow any 
particulate matter from the opening of the tank. 

 



 

    
                 Fig A-18                                       Fig A-19                         Fig A-20       
 
◘ Mount the acetylene regulator and torch kit to the tank, making sure that the 

connections are tight (Fig A-18). 
◘ Making certain that the valve on the torch handle is closed; open the stem valve on 

the acetylene tank ½ to 1 turn using the service wrench (Fig A-19). Flip the ratchet 
on the service wrench so the tank can be closed quickly in the event of emergency. 

◘ Using a soap bubble solution, leak check the regulator, hose, and torch assembly, 
making certain that no acetylene is leaking from the kit. Tighten any leaking 
connections (Fig A-21). 

      
              Fig A-21                                 Fig A-22                                Fig A-23 
◘ Set the regulator on the tank to the middle range to start. It can always be adjusted 

later on (Fig A-22). 
◘ Open the valves on the torch handle most of the way and ignite the fuel with the 

striker (Fig A-20). The size of the flame and the amount of heat generated by the 
torch is directly related to the size of the torch tip used. Larger size pipe will require 
more heat and will therefore require a larger torch tip (Fig A-24). 

 

  Torch tip set 
 



 

 
Fig A-24 

 
◘ Adjust the flame using the regulator on the tank until the desired flame intensity is 

obtained (please refer to Fig A-24). A proper flame will have a bright blue inner 
cone and a lighter blue inner cone. The hottest portion of the torch flame is the tip of 
the inner cone. 

◘ Apply heat to the joint, placing the tip of the inner cone on the surface of the joint. 
The flux will begin to melt and flow into the joint. Be sure to keep the flame moving 
to heat the entire joint. After heating the joint for a short period of time, apply the 
solder to the joint. The solder should me melted by the heat of the copper, not the 
heat of the torch flame. Is the solder does not immediately begin to flow, remove 
the solder and heat the joint a little more (Fig A-23). 

◘ When the solder begin to flow, feed enough solder into the joint to completely fill it. 
You should use no more solder than is needed to fill the joint, using too much 
solder will result in buildup on the inside of the pipe. Using too little solder will result 
in leak (the amount of soft solder used on any given joint should not exceed a 
length equal to twice the diameter of the pipe – molten solder will flow toward the 
source of heat. To help ensure that the solder flows into the joint, apply heat to the 
base of the female portion of the joint). 

◘ To extinguish the torch, simply close the valves on the torch handle. When the torch 
is no longer needed, close the stem on the acetylene tank and bleed off any 
acetylene from the hoses by opening the valve on the torch handle. 

◘ While the joint is still hot, it’s good practice to wipe the joint with a rag. This 
removes excess solder and improves the appearance of the solder joint. Applying a 
small amount to flux to the joint while the pipe is hot also helps clean the joint. 

 
3.2.7- Brazing: brazing is another method used to join two sections of piping or to 

connect a pipe section to fitting or a system component. Brazing is called also 
silver soldering or hard soldering by many field personnel. It is the method of 
choice when there will be high pressure inside the piping circuit. Typically, air 
conditioning system installer use brazing techniques on the refrigeration circuit 



 
piping and soft soldering on other plumbing lines, such as condensate lines, if 
needed. 
 
To perform the brazing process, a striker, refrigeration service wrench, brazing 
rod, and a heat source such as an air-acetylene torch kit are needed. 
 
For step by step brazing, the following procedure must be followed: 
 

◘ Properly cut and ream the section to be joined. Refer to cutting procedure section 
3.2.2. 

◘ Insert the male portion of the joint into the female end. 
◘ Prepare and light the torch as explained in the soldering process. 
◘ Apply heat to the joint, placing the tip of the inner cone on the surface of the joint. 

Molten brazing rods will flow toward the source of heat. To help ensure that the 
material flows into the joint, apply heat to the base of the female portion of the joint. 

◘ After heating the joint until the pipes glow cherry red, apply the brazing rod to the 
joint. If the filler material does not immediately begin to flow, remove the rod and 
heat the joint a little more (fig A-25). 

 
Fig A-25 

 
◘ When the filler material begins to flow, feed enough into the joint to completely fill it. 

You should use no more materials than needed to fill the joint. Using too much 
solder will result in buildup on the inside of the pipe. Using too little solder will result 
in leak. The amount of filler material used on any given joint should not exceed a 
length equal to twice the diameter of the pipe. 

◘ To extinguish the torch, simply close the valve on the torch handle. When the torch 
is no longer needed, close the stem on the acetylene tank and bleed off any 
acetylene from the hoses by opening the valve on the torch handle. 

 
 

4- Refrigerant Copper Pipes Leak-Checking: 
 
Once all of the installation works has been completed, the system is almost ready to be 
put into operation. There are, however, a few more important things to be done. On eof 
these is leak-checking the system to ensure that all solder and flare connections in the 
system were made properly. A leaking air conditioning system will not operate properly 
and will introduce refrigerant to the atmosphere. Therefore, leak-checking is a must prior 
to system startup, especially when refrigerant lines will eventually be sealed behind walls 
or ceilings. Accessing these solder joints will be extremely difficult once the walls and 
ceilings are finished. 
 



 
The method that will be used on site for performing a leak-check on a system is the 
standing pressure test: 
 

◘ The pressure in the refrigerant piping circuit is brought up to approximately 150 psig 
using dry nitrogen (Fig A-27). 

◘ The system is permitted to rest for approximately 5 to 10 minutes. 
◘ The needle on the gauge is marked to indicate its exact position (Fig A-26). 
◘ The system is then observed after 12 hours to ensure that the position of the needle 

has not moved. 
◘ If the needle moves, there is a leak. If it does not, the system is tight and there is no 

leak. 
 

   
                                   Fig A-26                                       Fig A-27 
 
4.1- Pressurizing the system: 
 
When the pressure is initially introduced to the system, the manufacturer’s test pressure 
should never be exceeded. Exceeding these pressures could result in damage to the 
equipment. The test pressure on atypical indoor unit is approximately 150 psig, so this 
pressure is safe under most conditions.  
 
When bringing the system up for leak-checking purpose, nitrogen is the gas of choice 
because, after the leak test is complete, it can be safely released into the atmosphere. 
Small amount of refrigerant can be introduced along with the nitrogen to aid in the location 
of system leak if one exists. 
 
4.2- Marking the gauge: 
 



 
After the pressure has been introduced to the system, good field practice requires letting 
the system stand for a short period of time. This gives the gas time to settle and will 
ensure that the pressure in the system will not change due to this settling. Once the gas 
has settled, the face of the gauge should be marked, indicating the exact position of the 
needle (Fig A-26). By marking the gauge, any small movements in the needle’s position 
will be easy to spot. 

 
                  Fig A-28 
 
4.3- System observation: 
 
After the gauge has been marked, the system should be observed later to see if the 
needle has moved. The time that should be allowed to elapse is 12 hours. if a large leak is 
present, the pressure in the system will begin to drop rapidly. Smaller leaks, however, may 
require much more time to show up on the gauge. 
 
If the pressure drops over time, a leak exists in the system. In this case, the solder and 
flare joints, if any, should be carefully inspected. 
 
A liquid bubble type leak-detection solution should be used (Fig A-28). This solution shall 
be applied to all solder joints as well as to all flare connections and Shraeder Valve stems. 
The formation of bubbles on the surface of the piping indicates the presence of a leak; 
large bubbles indicate a small leak. 
 
 
5- System evacuation: 
 
Before refrigerant is added, the system must be properly evacuated. Evacuation is the 
process by which the pressure in a closed system is reduced, causing any moisture to boil 
off into a vapor. This vapor is removed from the system via the vacuum pump.  
 
When evacuating a system, the technician should: 
 Make certain that the system is evacuated from both the high and low pressure 

side. 
 Make certain the vacuum pump is sized correctly for the system being evacuated. 
 Change the vacuum pump oil frequently. 



 
 Apply heat to the system to speed the evacuation process. 
 Never operate a compressor while a system is in a deep vacuum. 
 Use the largest valve ports possible to speed the evacuation process. 

 

 
  
 

 
During the evacuation process, both the high and low pressure sides of the system should 
be connected to the vacuum pump. Thermostatic expansion valves and other components 
have small openings and orifices that will slow the evacuation process if the system is 
evacuated from only the high- and low-pressure side. 
 
Figure 6-1 shows the vacuum pump and gauge connection on a central air conditioning 
system. Vacuum pump must be correctly sized for proper evacuation. For most residential 
applications, a 4-cfm pump is sufficient. 
 
Heat can be added to system to speed up the evacuation process. This will help boil off 
any liquid moisture into vapor, which is much is much easier for the pump to remove. The 
best source of heat is heat lamp. If the technician suspects that moisture is present in the 
compressor crank case, heat should be applied directly to the crank case. 
 
Using larger connectors and hoses can also speed up the evacuation process. Hoses with 
larger internal cross section areas designed especially for vacuum pump use can be 
purchased. These hoses have removable pin depressors and are commonly used in 
conjunction with a gauge adaptor that serves the purpose of depressing the pin on the 
Schraeder Valve. The Shraeder Valves commonly found on system service valves create 
a restriction even when they are in the open position. Field service valves (Fig A-29) can 
be used to remove the Schraeder pin for evacuation and replace the pins after the proper 
evacuation has been achieved. 
 



 

    
 
                            Fig A-29                                      Fig A-30 

 
5.1-Vacuum pump oil: 
 
The vacuum pump is used to help remove the moisture from an air conditioning system 
prior to adding refrigerant. When connected to the system, the vacuum pump pulls vapor 
from the system and discharge it into the atmosphere.  
 
When using a vacuum pump, it’s very common for the pump to become contaminated with 
whatever has been removed from the system. If the system contains acid, moisture, or 
other impurities, they will wind up on the interior surfaces of the pump. These impurities 
will ultimately find their way into the vacuum pump oil. When the oil becomes saturated 
with acid or moisture, the pump will not operate effectively and will not be able to pull the 
system to the desired level of vacuum. 
 
Vacuum pump oil (Fig A-30) is designed with a very low boiling point. Using oil that has a 
highly boiling point will reduce the pumping capacity of the pump, increasing the amount of 
time required to properly evacuate the system. 
 
Because the system contaminants will ultimately wind up in the oil, it’s important to change 
the oil frequently. This means, at a minimum, the oil should be changed before each use 
when installing residential air conditioning system. 
 
For step by step instructions on draining and replacing vacuum pump oil, below id the 
procedure: 

◘ Make certain that the pump is warmed up. 
 



 

    
                                              Fig A-31                                                    Fig A-32 
 

◘ Remove the oil drain cap located at the bottom of one side of the pump and drain 
the oil into a container (Fig A-31). 

◘ Properly dispose off the oil. 
◘ Replace the drain cap. 
◘ Remove the oil fill cap and begin to add oil to the pump (Fig A-32). 

 

        
                               Fig A-33                      Fig A-34                    Fig A-35 

◘ Fill the pump with oil rated for vacuum pump use until the oil level is equal to the 
middle of the sight glass on the side of the pump (Fig A-33). 

◘ Cap the inlet port of the pump (Fig A-34). 
◘ Allow the pump to run for approximately one minute and check the oil level in the 

sight glass with the pump still operating. 
◘ If the oil level is below level mark on the sight glass, slowly add more oil to the 

pump until the level of the oil is equal to the oil level mark. 
◘ Replace the oil fill cap and tightly close the oil container (Fig A-35). 

 
5.2 – Acceptable Level of Vacuum: 
 
When the system is being evacuated and a vacuum is being pulled on the system, the 
reading on the gauge manifold will register values below 0 psig. The low side gauge will 
indicate a reading in the vacuum range from 0” Hg to 30” Hg. The high side needle will 



 
indicate a point lower than 0 psig as well, but this value can not be determined because 
there are no makings on the high side gauge in the vacuum region. 
 
As the pressure in the system approaches a deep vacuum, close to 30” Hg, the reading on 
a compound gauge becomes less accurate and reliable. For this reason, vacuums are 
best measured in units called microns. The micron is the unit of linear measurement 
equal to 1/25,400 of an inch. It represents a measurement above an absolute pressure of 
zero, which represents a perfect vacuum of 29.92” Hg. 
 

 
 

Fig A- 36 
 

As the pressure in a system is reduced, the vacuum increases. At a gauge pressure of 
28.9” Hg, the equivalent reading on a micron is 25,400.00 microns. The micron gauge 
(Fig A-36) is a test instrument that is designed to measure the vacuum in a system in 
microns, as opposed to inches of mercury. As the vacuum is increased to 29.8” Hg, the 
micron gauge will read approximately 250 microns. In a vacuum of 29.92” Hg, the micron 
gauge will read approximately 25 microns (perfect Vacuum). 
5.3 – Calibrating the Gauge Manifold: 
 
Before starting the evacuation process, technician has to make sure that Gauge manifold 
is calibrated and ready to be used. To calibrate the gauge manifold the following 
procedure must be followed: 
 

   



 
               Fig A-37                                    Fig A-38                                     Fig A-39 
 

◘ Remove the high and low side hoses from the blank ports of the gauge manifold 
(Fig A-37). 

◘ Observe the position of the gauge needles. 
◘ If both gauge needles point to 0 psig, the gauges are properly calibrated and no 

calibration is needed (Fig A-38). 
◘ If one or both of the gauges do not point to 0 psig, remove the clear plastic cover 

from that gauge. 
◘ Using a small straight slot, slowly turn the adjusting screw on the face of the gauge 

until the needle points to 0 psig (Fig A-39). 
◘  Turning the screw clockwise will cause the needle to move counterclockwise and 

vice versa. 
◘ Once the gauges have been calibrated, replace the plastic cover on the gauge. 

 
5.4- Evacuating an Air Conditioning System: 
 
The following procedures are used to evacuate an air conditioning system: 
 

◘ Remove the high and low side hoses from the blank port on the gauge manifold and 
make certain that the gauges are calibrated. 

◘ Calibrate gauges if needed (section 5.3). 
◘ Connect the high side hose from the gauge manifold onto the high side service port 

on the condensing unit of the system (Fig A-40). 
 

     
                Fig A-40                                Fig A-41                                 Fig A-42 
 

◘ Connect the low side hose from the gauge manifold onto the low side service port 
on the condensing unit of the system (Fig A-41). 

◘ Make certain that the oil level on the vacuum pump is correct. 
◘ Connect the center hose from the gauge manifold to the inlet port of the vacuum 

pump. 
 



 

   
                                        Fig A-43                                                        Fig A-44 
 

◘ Make certain that both valves on the gauge manifold and the valve on the vacuum 
pump are in the closed position (Fig A-43). 

◘ The power to the condensing unit must be disconnected. 
◘ Turn the vacuum pump on. 
◘ Slowly open the valve on the vacuum pump (Fig A-44). 

   
                                        Fig A-45                                                         Fig A-46 
 

◘ Open the high side valve on the gauge manifold (Fig A-45). 
◘ Once the needle on the low side gauge falls below 5” Hg, slowly open the low side 

valve on the gauge manifold (Fig A-46). 
◘ Allow the vacuum pump to operate until the desired vacuum is achieved. 
◘ Once the desired vacuum has been reached, close both valves on the gauge 

manifold as well as the valve on the vacuum pump. 
◘ Remove the hose from the pump inlet and turn the vacuum pump off. 
◘ Open the valve on the vacuum pump for a few seconds and close it again. 
◘ Cap the inlet port on the vacuum pump. 
◘ Monitor the gauges to ensure that the system is maintaining the vacuum. 
◘ If the gauge needles do not move, the system is properly evacuated. 



 
◘ If the gauge needles rise slowly and stop at 0 psig, the system has a leak. Locate 

and repair the leak. Begin evacuation process again. 
◘ If the gauge needles rise slowly and stop to some point in a vacuum, the evacuation 

process is not complete. Restart the evacuation process. 
 
 
5.5 – System Holding Charge: 
 
After the system has been properly leak-tested and evacuated, a refrigerant holding 
charge can be introduced to the system. In many cases, the outdoor unit comes pre-
charged with enough refrigerants for the entire system, assuming a 25 foot refrigerant line 
run between the indoor and outdoor unit. If the run is longer than 25 foot, additional 
refrigerant will need to be added. If the run is less than 25 feet, refrigerant will need to be 
removed. Because this 25-foot is correct in only a general sense, the specific amount of 
refrigerant in the outdoor unit, if any, should be confirmed by the installation information 
provided with the new system. 
For removing or introducing refrigerant to an air conditioning system, please refer to 
section 7.2 and 7.4 
 
 
6 – System Startup: 
 
After the installation has been completed and all the above mentioned tests have been 
accomplished and succeeded, it’s time to start the system for the first time. 
 
Ideally, the system should be started on a warm day, to help simulate the conditions under 
which it will most likely be operating. In the summer months this should not pose a 
problem. 
 
The system should be started up in the cooling mode with the following conditions: 
 
 A condenser saturation temperature of approximately 135º F. 
 An indoor air temperature of approximately 75º F. 

 
A number of factors must be considered when a system is started up for the first time: 
 
 Air flow through the condensing unit. 
 Air flow through the indoor unit. 
 The high side pressure side of the system. 
 The low side pressure of the system. 
 Temperature differential across the evaporator coil. 
 Evaporator and system superheat. 
 Condenser subcooling. 

 
6.1 – Air Flow through Indoor and Outdoor Unit: 
 
On air conditioning systems, the airflow through both the evaporator and condenser coil 
must be correct. One way to ensure that the airflow is within design range is to take 
amperage readings of the fans motor. 
 



 
Also, technician should avoid any obstructions around the condensing unit, which can 
result in reduced air flow through the condenser. Reducing the air flow through the coil will 
result in an improper refrigerant charge when initially charging the system, higher than 
normal operating pressures, and decreased cooling. Always make certain that all 
obstructions are removed from the area immediately around the condensing unit. 
 
6.2 – System Pressures: 
 
Once the proper airflow through both the indoor and outdoor units has been established, 
the operating pressure of the system can be evaluated. When checking the system’s 
operating pressures, thinking in terms of saturation temperatures rather than pressures is 
more convenient. 
The installed DX units in this project are of DAIKIN brand that run on R-410 A refrigerant 
(50% R32 and 50% R125), and TRANE that run on R-407 C refrigerant (23% R32, 25% 
R125 and 52% R134a). For physical properties of the above mentioned refrigerant (such 
as saturation pressure, temperature etc…), please refer to charts on pages 35, 36, 37, 38, 
39 & 40. 
 

6.2.1- high side pressure:  
 
on a standard efficient system, the rule of thumb is that the refrigerant should condense 
at a temperature approximately equal to the outdoor ambient temperature plus about 30 
to 35º F (as per project specifications – Lot 33 - section 2.1.1, Port Harcourt ambient 
Temperature shall be taken 40º C = 104º F, so refrigerant should condense at 134 to 
139º F). If the condenser is a high efficiency model, the condenser saturation 
temperature may be as low as 20º F higher than the outdoor ambient temperature 
(when ambient temperature is 104º F, condenser saturation temperature should be 
124º to 129º F).  
 
The desired high side pressure can be determined by using the charts on pages 35, 36, 
37, 38, 39 & 40.  
 
For R-407 C the high side pressure should be in the range of 375 psig to 400 psig for 
a standard efficiency condenser when the outside temperature is 104º F, the condenser 
high side pressure should be 335 psig to 355 psig for high efficiency model. 
 
For R-410 A the high side pressure should be in the range of 525 psig to 550 psig for 
a standard efficiency condenser when the outside temperature is 104º F, the condenser 
high side pressure should be 475 psig to 500 psig for high efficiency model. 
 
6.2.2 – Low Side Pressure: 
 
On an air conditioning system that is operating properly, the temperature of the 
evaporator coil should always be above freezing point. The design of the evaporator 
coil typically has the fins of the evaporator very close together to provide a larger heat 
transfer surface. Should frost begin to accumulate on the surface of the coil, it can 
easily become blocked with ice. This will greatly reduce the amount of airflow through 
the coil, resulting in reduced system effectiveness and efficiency. 
 



 
In an air conditioning systems the coil may start to freeze when the temperature 
becomes close to 32º F. this temperature correspond to 116 psig R-410 A and 84 psig 
for R-407 C. 
The temperature of an air conditioning evaporator coil is approximately 40º F, which 
correspond to an evaporator saturation pressure of 133 psig for R-410 A and 95 psig 
for R-407 C. 
 

6.3 – Temperature Differential across the Evaporator Coil: 
 
Another factor that will help determine the refrigerant charge in an air conditioning system 
is the temperature differential across the evaporator coil. The difference between the 
supply and return air temperatures should be in the range of 17 to 20º F.  
 
A temperature differential lower than 17 degrees indicate that the system may need to 
have more refrigerant added (section 7.4). 
 
A temperature differential of more than 20º F indicates that refrigerant may need to be 
removed from the system (section 7.2). 
 
In addition to the refrigerant charge, humidity has also an effect on the evaporator’s 
temperature differential. If the relative humidity of the indoor air is in the 50% range, then 
the 17 to 20º F differential is typical. During period of excessively high humidity, the 
differential will be lower and during period of very low humidity, temperature differential of 
greater than 20º F can be expected. 
 
The following procedures must be followed to measure the temperature differential across 
the evaporator coil:  
 

◘ Turn on the power on the air conditioning system and allow it to operate. 
 

       
          Fig A-47                     Fig A-48                                      Fig A-49 
 

◘ Using a high quality digital thermometer, take the temperature reading of the air in 
the return duct (if the unit is ducted, if no, read the temperature on the return 
terminal), just before it reaches the evaporator coil (Fig A-47). 



 
◘ Using another thermometer, take the temperature reading of the air in the supply 

duct after it has passed through the evaporator coil (Fig A-48). 
◘ Subtract the temperature of the supply air from the temperature of the return air to 

obtain the temperature differential across the evaporator coil (Fig A-49). 
 
6.4 – Evaporator Superheat: 
 
On systems operating with thermostatic expansion valves (which is our case), evaporator 
superheat shall be in the range of 12 to 20º F.  
 
An evaporator superheat well below 12º F is an indication that the system may be 
overcharged. 
 
An excessively high superheat indicates that the system may be undercharged. Improper 
superheat can also be caused by other system problems such as reduced evaporator air 
flow. 
 
The following procedure must be used to measure the superheat in an air conditioning 
system: 
 

◘ Turn on the power to the air conditioning system and allow it to operate for 
approximately 15 minutes. 

◘ Using a high quality digital thermometer, take the temperature reading of the 
suction line at the inlet of the condensing unit. 

 

   
                                            Fig A-50                              Fig A-51 

◘ Remove the low side hose from the blank port on the gauge manifold and make 
certain that the gauge is calibrated (Fig A-51). 

◘ Calibrate gauge if needed. 
◘ Connect the low side hose from the gauge manifold onto the low side service port 

on the condensing unit of the system (Fig A-51). 
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◘ With the system operating, obtain the evaporator saturation temperature from the 
gauge or from the attached P-H Chart, by reading evaporator pressure and getting 
its corresponding saturation temperature on the P-H Chart (Fig A—52). 

◘ Subtract the evaporator saturation temperature from the suction line temperature to 
obtain the system superheat. 

 
6.5 - Condenser Subcooling: 
 
To calculate the amount of subcooling that a condenser is operating with, two pieces of 
information are needed: 

- The condenser outlet temperature. 
- The condenser saturation temperature. 

 
To calculate the condenser subcooling, we subtract the condenser outlet temperature from 
the condenser saturation temperature. Condenser subcooling should ideally be in the 
range of 10 to 20º F. 
 
High subcooling is an indication that the system is overcharged, and low subcooling 
indicates that the system is undercharged. 
 
Should the condenser coil become blocked or the condenser fan motor become 
inoperable, the refrigerant in the condenser coil will not be able to condense effectively, 
causing the subcooling measurement to drop below acceptable levels. 
 
The following procedure must be used to measure the subcooling in an air conditioning 
system: 
 

◘ Turn on the power to the air conditioning system and allow it to operate for 
approximately 15 minutes. 
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◘ Using a high quality digital thermometer, take the temperature reading of the liquid 
line at the outlet of the condensing unit (Fig A-54). 

◘ Remove the high side hose from the blank port on the gauge manifold and make 
certain that the gauge is calibrated (Fig A-55). 

◘ Calibrate gauge if needed. 
◘ Connect the high side hose from the gauge manifold onto the high side service port 

on the condensing unit of the system. 
◘ With the system operating, obtain the condenser saturation temperature from the 

gauge (Fig – A-56), or by reading the pressure on the gauge and getting the 
saturation temperature from the refrigerant properties table or charts. 

◘ Subtract the liquid line temperature from the condenser saturation temperature to 
obtain the system subcooling (Fig A-57). 
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7 – System Charging: 
 



 
7.1- System Overcharge: 
 
During the start up process, it may be determined that the system contains too much 
refrigerant. This may be the result of shorter refrigerant lines than the system holding 
charge was intended for a result of the technician adding too much refrigerant to the 
system. Symptoms of a system overcharge may include: 
 
 High head pressure. 
 High suction pressure. 
 High condenser subcooling. 
 Excessively low superheat. 
 High condenser saturation temperature. 
 High evaporator saturation temperature. 
 High temperature differential across the evaporator coil. 

 
If the system is equipped with thermostatic expansion valve, the superheat in the 
evaporator will remain relatively constant, regardless of whether or not the system is 
charged properly. 
 
If the system is equipped with another type of metering device, the evaporator superheat 
will be lower than desired if there is an overcharge of refrigerant. 
 
7.2- Removing Excess Refrigerant from the System: 
 
In the event that the system has an overcharge of refrigerant, the excess must be 
removed in accordance with the laws set forth by the Environmental Protection Agency 
(EPA).  
 

            
             DOT – Approved Refrigerant Recovery Tanks.                       Refrigerant Charging Scale 

                                               Fig A-58                                                Fig A-59 
 
Refrigerant must be removed from the system and stored in a DOT- Approved Cylinder 
(Fig A-58). The followings guidelines should de kept in mind when removing refrigerant 
from a system: 
 



 
 Wear safety glasses when removing refrigerant from a system. 
 Remove refrigerant in 4-ounce increment. 
 Remove refrigerant from the high side of the system. 
 Make certain that the recovery cylinder or tank that is being used to store the 

refrigerant has been properly evacuated prior to use (for evacuation procedure, 
refer to section 5.4). 

 Give a system ample time to settle after each 4-ounce removal. 
 Re-evaluate the system temperatures and pressure after each removal. 
 Continue to remove refrigerant until the desired temperatures and pressures are 

reached. 
 
The following procedure must be followed to remove refrigerant from an operating air 
conditioning system: 
 

◘ Turn on the power to the air conditioning system and allow it to operate for 
approximately 15 minutes. 

◘ Properly Evacuate a DOT-approved refrigerant cylinder (Fig A-58, for evacuation 
procedure, refers to section 5.4). 

◘ Connect the centre hose of the gauge manifold to the valve on the refrigerant 
cylinder and place the cylinder on the refrigerant scale (Fig A-58 & 59). 

 

   
                    Fig A-60                                 Fig A-61                             Fig A-62 
 
◘ Open the high side valve on the gauge manifold. This will push refrigerant from the 

high side of the system through the centre hose (Fig A-60). 
◘ Loosen the centre hose connection on the refrigerant cylinder for about 2 seconds 

to purge any air from the centre (Fig A-61). 
◘ Tighten the centre hose connection on the refrigerant cylinder. 
◘ Close the high side valve on the gauge manifold. 
◘ Turn the refrigerant scale on (Fig A-59). 
◘ Push the reset or zero button on the scale and hold it down until the scale reads 

zero (Fig A-62). 
◘ Open the valve on the refrigerant cylinder. 
◘ Slowly open the high side valve on the gauge manifold. Refrigerant will flow from 

the system into the refrigerant cylinder. 
◘ Monitor the refrigerant scale. 



 
◘ When the scale indicates that 4 ounces of refrigerant has been removed from the 

system, close the high side valve on the gauge manifold (Fig A-63). 
◘ Allow the system to operate for approximately 5 to 10 minutes and re-evaluate the 

system charge. 
◘ If the system is still overcharged, remove another 4 ounces of refrigerant from the 

system. 
◘ Continue removing refrigerant from the system until the operating temperatures and 

pressures are within the desired range. 
 
N.B: Never fill a refrigerant cylinder or tank to more than 80% of its capacity. 
 
 

 
Fig A-63 

 
7.3 – System Undercharge: 
 
on air conditioning system in which the refrigerant lines are longer than the refrigerant 
holding charge or where the condensing unit is not shipped with a holding charge of 
refrigerant, additional refrigerant will have to be added to the system during the start up 
process. Symptoms of a system undercharge may include: 
 
 Low head pressure. 
 Low suction pressure. 
 Low condenser subcooling. 
 Excessively high superheat. 
 Low condenser saturation temperature. 
 Low evaporator saturation temperature. 
 Low temperature differential across the evaporator coil. 

 
 
7.4 – Adding Refrigerant to the system: 
 
If refrigerant is to be added, it should be done in a slow, deliberate manner. The following 
guidelines should be followed when adding refrigerant: 
 



 
 Refrigerant should be added to the system in vapour form, whenever possible. 
 If a blended refrigerant is used (as in our case for R-407 C and R-410 A), introduce 

it slowly to the system as a liquid. 
 Add refrigerant in 4 ounce increments. 
 Allow the system to settle for approximately 5 to 10 minutes after each addition. 
 Re-evaluate the pressures and temperatures before adding more refrigerant. 
 Continue adding refrigerant in 4-ounce increments until the desired pressures and 

temperatures are reached. 
 
N.B: 
Blended refrigerant must be added to the system in the liquid state. Blended refrigerants 
are simply two or more refrigerants that are blended together to form another refrigerant 
such as R-410 A refrigerant (50% R32 and 50% R125) and R-407 C refrigerant (23% R32, 
25% R125 and 52% R134a). 
Charging a blended refrigerant in the vapor state will cause the refrigerants to separate, 
thereby changing its characteristics. 
 
The following procedure must be followed to add refrigerant to an air conditioning system: 
 

◘ Turn on the power to the air conditioning system and allow it to operate for 
approximately 15 minutes. 
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◘ Connect the centre hose of the gauge manifold to the valve on the refrigerant tank 
(Fig A-64). 

◘ Place the tank on the refrigerant scale and open the valve on the refrigerant tank 
(Fig A-65). 

◘ Loosen the centre hose connection on the gauge manifold for about 2 seconds to 
purge any air from the centre hose (fig A-66). 

◘ Push the reset or zero button on the scale and hold it down until the scale reads 
zero (Fig A-67). 
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◘ Open the low side valve on the gauge manifold. This will introduce refrigerant to the 

system (Fig A-68). 
◘ Monitor the refrigerant scale. 
◘ When the scale indicates that 4 ounces of refrigerant has been introduced to the 

system, close the low side valve on the gauge manifold. 
◘ Allow the system to operate for approximately 5 to 10 minutes and re-evaluate the 

system charge. 
◘ If the system is still undercharged, introduce another 4 ounces of refrigerant into the 

system. 
◘ Continue adding refrigerant to the system until the operating temperatures and 

pressures are within the desired range. 
 
8 – Required Tools and Instruments: 
 

 Copper pipes tubing Cutter (Fig A-1). 
 Copper Pipes Tubing Bender (Fig A-4). 
 Copper Pipes Bending Springs Set (Fig A-3). 
 Flaring Block (Fig A-5). 
 Swaging Tools Set (Fig A-6). 
 Flaring Yoke (Fig A-9). 
 Gas Welding Set (Fig A-15). 
 Copper Fitting Brushes Set (Fig A-16). 
 Soldering Flux and Flux Brush (Fig A-17). 
 Adjustable Spanner (Fig A-18). 
 Refrigeration Service Wrench Set (Fig A-20). 
 Welding electrodes 95/5 - 95% tin, 5% antimony. 
 Gauge Manifold for R-407 C and R-410 A Refrigerant (Fig A-26). 
 Nitrogen Tank and regulator (Fig A-27). 
 Soap Bubbles (Fig A-28). 
 Vacuum Pump 4 cfm or better 8 cfm (Fig A-30). 
 Field Service Valve (Fig A-29). 
 Vacuum pump oil (Fig A-33). 
 Vacuum Gauge or Micron Gauge (Fig A-36). 
 Digital Thermometer (Fig A-54). 
 DOT- Approved Refrigerant Recovery Tank (Fig A-58). 
 Refrigerant Charging Scale (Fig A-59). 



 
 Refrigerant R-407C & R410A. 

 
 
 
 

 
 
 

 
 



 

 



 

 



 

 



 

 



 

 



 

 


