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Introduction 
 
The Joule-Thompson effect occurring when gas 
passes through a pressure reducing valve has 
some benefits, but mostly drawbacks.  The 
negative effects often need to be addressed and 
corrected by means of various methods.  The 
method by which the J-T effect is counteracted 
in regulators depends on the location, 
application, downstream service, environment, 
economics and operating conditions.  A 
common rule of thumb used to determine the 
amount of gas cooling is 7° F per 100 psi drop 
in pressure. 
 
Problems Associated With Freezing 
 
Common issues experienced are external icing, 
restricted to blocked flow, equipment failures 
and frost heaves.  Being proactive during the 
initial design should account for these issues.  
Operating characteristics may change over time 
though and additional prevention will be 
required.  
 
System Design 
 
When beginning to design for new or retrofitted 
equipment, some factors should be considered.  
How will demand of load change over time of 1, 
5, 10, 20 years?  What new technologies are 
available?    

 
 
 
Filters should be utilized upstream of installed 
regulation equipment to help prevent debris 
from fouling either the carrier pipe or 
instrument gas lines. 
 
Internal Hydrates 
 
Hydrates will commonly occur in fuel gas or 
instrument gas lines were the gas has been 
cooled from pressure reduction.  The J-T effect 
is unavoidable with pressure regulation when 
gas flows through restrictions and orifices.  
 
There are 3 conditions that promote the 
formation of hydrates in process equipment. 
1) Free water and natural gas components must 

be present. 
2) Low temperatures are typically needed, but 

hydrates are 85 mol% water.  A system’s 
operating temperature does not need to be 
below 32° F for hydrates to form. 

3) High pressure  
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The above chart graphically shows 3 examples 
of a typical regulator station’s pressure cut and 
the effects of increasing the gas temperature.  
This will vary depending on the gas 
composition.   
 
All 3 examples have a pressure reduction from 
500 psi to 35 psi.    Up and left of expansion 
curve (blue line) is the hydrate phase boundary. 
 
The red line has an inlet temperature of 40° F 
and the yellow line has an inlet temperature of 
50° F.  Both of these enter into the hydrate 
formation region.  The green line has an inlet 
temperature of 60° F and is out of the hydrate 
phase. 
 
External Icing 
 
Condensation can form and freeze on exterior 
surfaces of piping and components.  This 
happens when the flowing gas temperature 
reducing the carrier material’s temperature 
below the ambient air’s dew point temperature.  
Significant build up can make valves and other 
components inoperable at inopportune times.  
Continuous freeze/thaw cycling can lead to 
corrosion of exposed metal. 
 

 
 

 
 
Prevention Methods 
 
Most regulator locations are down stream of 
natural gas processing and operating clean dry 
gas.  The gas quality will dictate to what 
extremes are necessary to mitigate regulators 
from freezing. 
 
Gas Processing 
 
In Montana and other northern states, gas 
quality tariffs are typically 4lb/MMSCF water 
content in the gas stream.  In warmer southern 
states this will sometimes be 7 lb/MMSCF. 
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This is accomplished by drying the gas through 
dehydration, refrigeration and molecular sieves.  
By reducing the water content in the gas will 
limit the possibility of hydrate formation. 
 
Adding Inhibitors 
 
Inhibitors are added to the gas stream to mix 
with the water content and reduce freezing point 
of the mixture.  The most common 
thermodynamic inhibitor used is methanol 
(MeOH). 
 
Pilot / Instrument Gas Pre-Heaters 
 
These systems provide heated gas to the pilot or 
instrument only.  The main gas stream is not 
affected.  These systems typically counteract the 
J-T effect within the loading line of regulators. 
 

 
 
Increasing Flowing Gas Temperature 
 
By heating the gas prior to pressure reduction 
helps with preventing the freezing issues.  The 
goal in regulator stations is to raise the 
temperature of the low pressure gas.  This can 
be accomplished by various equipment 
applications. 

Line Heaters 
 
Line heaters add heat to the main gas stream of 
a pipeline.  Deciding what type of line heater to 
install depends on some of the following and 
each will have varying influences.  The site 
location, surrounding environment, required 
BTUH, cost, operating characteristics, 
maintenance and company standards.  These 
units can be basic and simple to being fully 
automated with logic controls.   
 
Indirect Bath Heaters 
 
There are numerous manufactures of indirect 
water bath heaters for the natural gas industry.  
The basic design consists of a process coil 
which carries high pressure natural gas.  The 
coil is submerged in a bath typically of a glycol-
water solution that is heated either from a fire 
tube or heat exchanger coil.  These heaters are 
either on or off and do not provide range ability.  
An auto relight process is fairly common, but 
should also include a safety shutoff. 
 

 
 
When installing a bath heater, be sure to design 
around the requirements of the site.  Are there 
any overhead power lines to keep the exhaust 
stack away from?  Does it require double 
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containment?  Will it fall under SARA Title III 
Section 313 for reportable quantity? 
 
Heating Requirements Calculations 
 
Below are two methods for determining the heat 
input required for desired gas flowing 
temperature.  Efficiency should be always 
considered for line heaters. 
 
Volumetric Calculation 
Total BTUH = Qmax·∆h/η 
Qmax= SCFH 
∆h = Btu/FT3 (Mollier Diagram) 
η = Efficiency 
 
Mass Flowrate Calculation 
�̇�𝑄 = �̇�𝑚·∆h·η 
�̇�𝑄 = BTUH 
�̇�𝑚 = 𝑃𝑃𝑃𝑃

𝑅𝑅𝑅𝑅
 (lb/hr) 

∆h = Btu/lb (Software) 
η = Efficiency  
 
Ensure the manufacturer you select adheres to 
API 12K specifications.  The following 
operating conditions are typically provided to 
the manufacture. 
• Coil MAOP (psig) 
• Max Flow (MCFH @ base pressure psia) 
• Max Flow Coil Pressure (psig) 
• Max Inlet Pressure for Heat Duty (psig) 
• Final Pressure After Pressure Reduction (psig) 
• Inlet Gas Temperature (°F) 
• Final Gas Temperature after Pressure 

Reduction (°F) 
• Site Elevation (MSL) 
• Atmospheric Pressure (psia) 
• Fuel Gas (minimum heat content) BTU/ft3 @ 

14.9 psia 
• Specific Gravity (Sweet/Sour Dry Natural 

Gas) 
 

Vertical Bath Heaters 
 
This style significantly reduces the ground 
space required for a typical horizontal water 
bath heater.  These systems have a higher 
thermal efficiency and can be a fully enclosed 
package.  For a typical 500,000 BTU/Hour 
vertical heater the dimensions are 3’L x 4’W x 
11’H plus 3’8” stack height. 

 
 
Heat Driven Loop Systems 
 
These systems use energy released from steam 
to heat a process coil.  The process begins with 
a flame heating a water-/glycol mix to the point 
of boiling in a vacuum.  Steam rises and 
interacts with the lower temperature coil 
carrying natural gas.  The steam changes phase 
to water while heat is exchanged to the coil 
flowing gas.  The water condensate is then 
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returned to the water/glycol mix to repeat the 
process. 
 
Vortex Heaters 
 
Design is based on the Vortex Phenomenon of 
the Ranque-Hilsch vortex tube.  
 

 
 

 High pressure gas is expanded and cooled 
through a tangential nozzle into a rotating body 
(vortex) and it’s energy converted to kinetic 
energy.  The angular velocity on the outside is 
low while it is very high in the center.  Friction 
between inner and outer areas reduces the 
rotating gas into a single angular velocity like a 
solid body.  The inner angular velocity was 
required to decrease for this to happen resulting 

in a loss of kinetic energy and temperature. The 
outer region gains this loss resulting in the 
energy being converted to heat through friction 
on the vortex tube’s walls.  

 
 

 
 
 
Catalytic Heaters 
 
Catalytic heaters can be applied to both 
pilot/instrument gas pre-heaters and for line 
heaters. 
 
These heaters consist of a chemical reaction 
between natural gas, oxygen and a thin plate of 
platinum (the catalyst).  To start the process, the 
thin plate is heated via an external power 
source.  Natural gas and oxygen are then 
dispersed across the surface of the platinum 
plate.  The chemical reaction then follows with 
the release of energy.  The energy of this 
reaction is released in the form of flameless 
heat.  Once the heater has been started, the 
external power source can be shut off as the 
flow of gas and oxygen will keep the chemical 
reaction going.  This radiant heat is then used to 
heat a natural gas process coil. 
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Line heater applications have better turndown 
ratios compared to traditional water bath line 
heaters.  This is accomplished by ‘zoning’ 
multiple heaters inside of a unit.  This range 
ability makes this type of heater more efficient 
in applications that require the heater do more 
than just turn on or off.  The system can be 
automated to satisfy the heating demand. 
 

 
 
 
Selection and Application 
 
When determining the heater with the ‘Best Fit’ 
for a specific application, the following factors 
should be considered in the decision: 
 

• Is it near a residential area or is it at a 
remote site?   

• Are there noise or vista pollution issues? 

• Is electricity relatively available?   
• What codes need to be complied with? 
• Will the heater operate 24/7 or will it 

only be utilized for short periods of 
time?   

• What is the life of the heater 
• What is the growth of demand 
• What kind of annual service and 

maintenance is required?   
• Are there any environmental concerns?   
• What kind of training will be required 

for technicians? 
 
Conclusion 
 
Pressure regulation is the overall goal and the J-
T effect is unavoidable.  Regulator freeze 
protection is reduced to defending against 2 
things.  Ensuring you are flowing clean dry 
pipeline quality gas which is feasible in most 
locations.  Increasing the gas temperature is by 
far the most commonly excepted form of 
prevention. 
 
If hydrates are consistently an issue, it is 
recommended to obtaining software that allows 
the user to enter the gas composition.  Keeping 
up with developing technology and designs may 
prove beneficial.   
 
References 
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