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Overview 

Rapid Compression machines are designed to study auto-ignition of fuels at elevated temperature and 

pressure ranges by compressing gas mixtures with pistons at high speeds. The KAUST RCM in LFO43C 

is capable of reaching up to 40 bar post-compression pressure within the combustion chamber with a 

temperature range from 600-1000 K. This can increase to about 200 bar at the onset of ignition albeit only 

for a few milliseconds. 

 

Fig. 1. KAUST RCM Facility. 
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The pistons are driven by compressed air in the air chambers (see Fig. 1). Each air chamber is connected 

to an oil chamber to provide the hydraulic pressure for the piston locking mechanism. The air chambers 

can be pressurized to a maximum pressure of 300 psi, although typically, they are kept at a lower pressure 

than that. The oil chambers are pressurized to 640 psi when the hydraulic lock is engaged. 

The RCM is powered by electric power supply from the RCM power supply panel. In addition to 

electrical power, the RCM requires compressed air to operate the pneumatic valves. This compressed air 

is supplied from an air compressor located in Level 2 of Building 7.  

Fig. 2. RCM power supply panel along with heating jacket control panels for the mixing vessels. 

A separate power supply and control system is present for the heating jackets. Each of the two wall 

mounted heating jacket control panels next to the RCM power supply panel are connected to each of the 

mixing vessels. The heating jacket control panel mounted in front of the RCM controls the combustion 

chamber heating jackets whereas the one near the manifold is connected to the manifold heating tapes. 

Operation 

Note: Anyone performing experiments in the RCM must have completed the required safety trainings 

from KAUST and must strictly adhere to the lab safety rules.  

(A). Startup procedure 
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1. Turn on the air compressor (Boge C7 LDR) located in Room 2113, in Level 2 of Building 7. 

This can be accomplished in the following steps: 

a. Open main power switch. 

b. Turn on the cooler for the compressor by pressing the green switch (see Fig. 3(b)). 

c. Pull out the red emergency stop button if it is pressed. 

d. Press the red “off” button on the compressor control panel followed by the green 

“on” button (see Fig. 4).  

e. Open the yellow valve on the compressed air supply pipe (see Fig. 3(b)). The 

pressure will start to increase on the attached pressure gauge and eventually reach 

about 10 bar at which the compressor will trip. 

 

Fig. 3(a) Main power switch for compressor.  Fig. 3(b) Cooler switch and valve. 

 

Fig. 4. Air compressor control panel. 
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2. Open the compressed air supply valve near the RCM (see Fig. 5). 

3. Turn on the main power switch on the RCM power supply panel (see Fig. 2). Make sure that 

both emergency stop buttons, on the RCM power supply panel and the RCM control panel 

are pulled out (see Fig. 7). 

4. Press the “Reset” button on the RCM control panel to start the PLC code for the RCM. If 

started up properly, this should result in the “Retraction Vacuum” button to light up after 

about 15-20 seconds (see Fig. 7). 

5. The heating jackets can be switched on by turning on the four heating jacket control panels. 

Each control panel has a red power switch along with three separate switches for each 

controller. 

6. Close the secondary dump valve on the back of the RCM if it is open (see Fig. 5) . Keeping 

this valve open will not let the hydraulic locking mechanism to work. 

 

Fig. 5. Left: Primary and Secondary Dump Valves behind the RCM. Right: Main air supply valve next to 

the RCM. 

(B). Mixture preparation 

1. The RCM Manifold is supplied by Argon and Oxygen from the Building 7 Cylinder Room 

(0136). It is necessary to check the pressure levels of the Argon and Oxygen cylinder in that room 

before preparing the mixture. 

2. Isolate the RCM combustion chamber by closing the RCM fill valve on the manifold. Also, 

ensure that the plug valve connecting the combustion chamber to the pumps is also closed. 

3. Open the valve for the 10,000 Torr baratron and check the pressure value. If it is higher than 760 

Torr (1 bar) then open the exhaust valve to vent the gas and bring it to around 760 Torr. 
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4. Open the valves on the manifold for the mixing vessels and vent out any gas they may have to the 

exhaust.  

5. Open the rough pump speedivalve to pump out the mixing vessels (see Fig. 6). Use the Pirani 

gauge to see if pressure goes below 0.1 mbar. Once that happens, open the turbopump 

speedivalve and close the rough pump valve. It is recommended to pump out the mixing vessels 

overnight before making a new mixture. 

6. Once the mixing vessels have been pumped, isolate the pumps and use valves on the manifold to 

fill in the required gas into the mixing vessel. Care should be taken to fill the gas slowly to avoid 

damaging the baratrons. After each gas fill, the manifold should be isolated from the mixing 

vessel and pumped out to vacuum before introducing the next gas. 

7. If liquid fuels are required for experiments, they can be filled into the RCM in one of two ways: 

a. Vapor filling from flask: This method should only be used for single component fuels 

(e.g. pure iso-octane or pure n-heptane). Typically high vapor pressure fuels can be filled 

easily with this method. 

b. Direct injection into the mixing vessel using a syringe for low vapor pressure or multi-

component fuels. 

8. Once the mixture is prepared, the mixing vessels should be completely isolated and the stirrer 

turned on. They should be left to mix for approximately 2 hours for good mixing. 

 

Fig. 6. Speedivalves for the rough and turbo-pumps. 
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Fig. 7. Left: Front view of the RCM control panel. The red button on the side is the emergency stop. 

Right: Side of the RCM control panel showing the Reset button. 

(C). Firing the RCM 

1. Start by pressing the lighted “Retraction Vacuum” button on the RCM control panel. The pistons 

should retract back and the “Locking Pressure” button should light up after about 30 seconds. If 

the vacuum retraction doesn’t work, it may be necessary to fill the combustion chamber with high 

pressure air to force the pistons back. 

2. If the RCM requires heating, set the desired temperature on the RCM heating control panel for all 

three controllers. Monitor the surface temperature using either a thermocouple or an RTD. 

3. Once the pistons are retracted and the “Locking Pressure” light turns on, start pumping out the 

combustion chamber by opening the rough pump speedivalve followed by the turbopump. 

4. Close the primary dump valve behind the RCM (see Fig. 5) and press the “Locking Pressure” 

button. Not closing the primary dump valve will prevent the hydraulic pressure from rising. 

5. Once the hydraulic pump stops running, check to see if the hydraulic pressure has reached above 

600 psi after which, open the primary dump valve. Opening the primary dump valve should light 

up the “Drive Pressure” button. 

6. Fill the combustion chamber with the gas from the mixing vessel to the desired initial pressure. 

Isolate the combustion chamber after filling. 



7. Set the desired Drive Pressure (in psi) on the RCM control panel using the dial. The pressure 

should not be set too high or the pistons might get damaged. An experienced operator may be 

able to provide reasonable values of drive pressure depending on conditions required. 

8. Press the lighted “Drive Pressure” button to start filling the compressed air into the air chambers. 

9. Once the air chambers have been filled, the “Confirm Fuel Charge” light will come on. Trigger 

the data acquisition system and turn on the Kistler pressure transducer to start recording data. 

10. Turn the “Confirm Fuel Charge” switch, which will light up the “Initiate” Button. The RCM is 

now ready to fire. 

11. Instruct people standing nearby to move to a safe location and press the “Initiate” button. This 

will cause the pistons to fire and for the RCM to begin dumping the air pressure. 

12. Wait for the RCM to dump the air pressure and for the “Retraction Vacuum” light to come back 

on. This will indicate that the firing sequence went as intended and the RCM is ready for the next 

run. 

13. Press the “Retraction Vacuum” button to release any residual pressure within the combustion 

chamber. 

 (D). Shutdown procedure 

1. Press the red emergency stop button on either the RCM control panel or the RCM power supply 

panel. This will initiate the dump of any air in the air chambers (see Figs. 2 and 7). 

2. Open both primary and secondary dump valves to release any hydraulic pressure within the oil 

chambers (see Fig. 5). 

3. Turn off all heating jacket control panels by turning the red switches on all of them.  

4. Close the main compressed air supply valve (see Fig. 5). 

5. Shut down the compressor on Level 2 of Building 7 by pressing the emergency stop button (see 

Fig. 4).  

 

Possible hazards and precautions 

1. Since many parts of the RCM are under high pressure during operation, it is very important to 

wear proper PPE including safety glasses to avoid injury from flying parts in case of failure. 

2. The ports of the combustion chamber usually have windows fixed into them which are 

potentially the weakest points in the RCM. Failure of the windows may cause pieces of the 

window material to fly out and therefore before firing the RCM, all personnel must move 

away from the line of sight of the ports. 



3. Care should be taken to monitor pressure using the pressure gauge with the highest pressure 

rating and using low pressure gauges only when it is certain that low pressure has been 

attained.  

4. Vacuum rough pumps should never be exposed to pressures higher than 1 bar while 

Turbopumps should not be exposed to pressures higher than 0.1 mbar as these conditions 

might damage the pumps. Oil levels of rough pumps should be monitored regularly to 

maintain pump performance. 

5. Heating tapes/jackets used on the RCM, mixing vessels and the mixing manifold are potential 

fire and/or electrical hazards. These heating elements, especially the heating tapes, should 

never be left un-attended. In case of fire please follow the fire drill described in subsequent 

section. Make sure no wires from the heating jackets are exposed.   

6. If any pressurized gas cylinders are used with the manifold, they should be secured properly 

and proper care should be taken while handling them. 

7. All liquid fuels need to be sealed properly and be kept away from the heating jacket or 

heating tapes to prevent any potential fires or explosions. 

8. To ensure adequate safety, it is highly recommended that the RCM be operated by at least 

two people as operator mistakes may happen more frequently if a single person is operating it 

alone. 

Fire and other emergency situations 

In case of fire please follow the following steps 

1. If you are aware of a fire or a fire alarm, the first priority is to leave the room immediately 

and bring yourself safely to a designated assembly area. (Nearest assembly area is outside 

building 7 exit towards the parking area).  

2. Be brisk and use the closest exit but don’t panic. 

3. If your clothes are on fire, stop, drop and roll and seek medical help. 

4. Inform anyone who is near the fire hazard zone to also proceed to the assembly area. 

5. Call 911 with exact location and inform the officers about the location of fire in the lab as 

well as the potential hazards inside the lab.  

6. Strictly follow fire safety rules which are prescribed by KAUST. 

7. Inform the PI and LSR about the incident.  

 

In case of other accidents 
1. Call 911. 

2. Ask others to take necessary precautions. 

3. Inform PI and LSR. 

 



Chemicals handling and spills 

1. Persons handling chemicals must have attended relevant KAUST trainings. 

2. Always use personal protective equipment. 

3. In case of eye contact please rush to the eye wash and showers located at both exits of the lab. 

Call your colleagues for help and seek medical attention. Inform PI and LSR about the 

incident. 

4. In case of spills, follow KAUST prescribed procedures. 

 

Prof. Aamir Farooq-------------------                                                     Dr. Binod Giri------------------- 

(PI LFO 43C)                                                                                        (LSR LFO 43C)      


