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 DISCLAIMER: 

The information, recommendations, and opinions set forth herein are offered solely for your consideration, 

inquiry, and verification and are not, in part or total, to be construed as constituting a warranty or 

representation for which we assume legal responsibility. CG Thermal, LLC disclaims all warranties as to 

the accuracy of data supplied for any individual installation. Nothing contained herein is to be interpreted 

as authorization to practice a patented invention without a license. 

Proper safety precautions as detailed throughout this manual and as recommended by applicable codes, 

guidelines, and design societies should be exercised in the operation of all heat transfer equipment to 

prevent equipment damage or personal injury in the event of operation error or mechanical failure. 
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SECTION I: INTRODUCTION 

1-1 SCOPE 

This manual covers the installation, operation, and maintenance 

instructions for the S-Series and L-Series Impervite Graphite Shell and 

Tube Heat Exchangers, manufactured by CG Thermal, LLC. 

1-2 DESCRIPTION AND APPLICATION 

The CG Thermal Impervite S-Series and L-Series shell and tube-type heat exchangers are 

designed to handle corrosive liquids and gases. Impervite has the features of optimum 

thermal conductivity with extreme resistance to corrosion and thermal shock. 

S-series heat exchangers are supplied with 7/8-inch ID tubes. L-series heat exchangers are

supplied with 1-½-inch ID tubes for greater resistance to plugging and lower pressure

drop.

Figure 1. Typical packaging and lifting of a shell and tube heat exchanger. 
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1-3 INSPECTION UPON RECEIPT 

Heat exchangers could be affected by handling during transit. For this reason, warranty 

provisions require that inspection of heat exchangers be completed upon receiving. 

Use the following instructions for inspection UPON RECEIPT: 

1. Immediately upon receipt and before removing the heat exchanger from the

carrier vehicle, examine the skid and shipping covers for damage in transit.

2. Inspect the pressure gauges to ensure the unit has not lost pressure during

transit. Notate the pressure on the receiving check sheet.

3. Complete and sign the inspection report provided with the unit and return a

copy to CG Thermal within one week of receipt to validate the equipment

warranty. If the inspection and documentation are not completed, any

damage found later will be the responsibility of the customer. The carrier

is responsible for equipment losses and damage during shipment.

4. If any components are missing or damaged or if the gauges are not reading
pressure, note the pressure reading and damage on the shipping papers.
Then, notify the carrier immediately and file an appropriate claim.

5. If it is practical, check the follower bolts as described in SECTION 4-2,
and then charge the shellside to 15 psig air. Check to see that the unit holds
pressure prior to offloading the unit. If the unit continues to lose pressure,
remove covers and visually inspect all components for damage.

6. Check the compressed height of the disc springs at the shell flange and the torque

loading of the tube side dome bolts. Compare them to what is listed on the general

assembly drawings. Re-torque may be necessary due to gasket “set” during

transportation. Refer to your assembly drawing for the proper compressed disc spring

height and torque value.

7. Notify CG Thermal LLC immediately if any questions arise or if the heat exchanger

is to be rejected and returned.
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When moving the heat exchanger, all lifting points should be only on the shell, not on the 

domes, to avoid damage to Impervite parts. 

 

NOTES ON STORAGE 

1. If the heat exchanger is not immediately installed, ensure the unit is 

completely drained to prevent freeze damage. Store the unit in a covered area to 

protect the components from moisture. 

2. When practical, keep the Nitrogen charge and gauge in place. Check the gauge 

before installation to ensure no damage occurred during storage.  

a. If the gauge registers no pressure, tighten the bolts as described in 

SECTION 1-3, bullet points 5 and 6. 

b. If the unit fails to hold pressure after tightening the follower bolts, 

complete a shellside hydrostatic test per SECTION 4-3. 
 

 

 

Figure 2. Component features. 

 

Impervite® 
Tubes 

Baffles 
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SECTION II: INSTALLATION 

 
2-1 INSTALLATION LOCATION 

It is recommended that sufficient clearance be allowed for the removal of the process domes for 

maintenance and minor repair purposes. Typically, 1ft + the length of the dome is required. 

Consider the weight of the dome is nearly 200 lb/ft3 and plan a temporary rigging arrangement 

to remove and convey to a landing area. Adequate provisions should be made so that the heat 

exchanger can be removed from the structure for major repairs. If the heat exchanger is oriented 

vertically, ensure the floating dome is facing downward. 

 

2-2 FOUNDATION AND SUPPORTS 

The heat exchanger should be mounted on a foundation or support structure adequate to prevent 

movement, vibrations, or settling. On horizontally mounted exchangers, one support has drilled 

mounting holes and the other support has slotted holes. Tighten the drilled bracket and use 

double nut at the slotted bracket so there is clearance between the bolts and slotted holes to allow 

the bracket to slide as the shell thermally expands and contracts. 

 

2-3 SHELLSIDE PIPING REQUIREMENTS 

Piping connections can be made to the steel shell using normal precautions for good practice in 

flange alignment. Steam lines should be properly trapped and provisions made to drain all water 

legs which might develop in the supply line on shutdown. If automatic controls are used on the 

steam line, use slow opening valves to prevent water hammer. Automatic control valves, when 

closed or almost closed, can allow steam to enter the heat exchanger without providing enough 

pressure to discharge the condensate. Therefore, condensate lines should be arranged so there is 

no back pressure after the trap, and a vacuum breaker should be provided on the shell. This will 

permit condensate to drain by gravity. 
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2-4 PROCESS PIPING REQUIREMENTS 

Piping to the Impervite process nozzles should be studied and planned 

carefully to prevent any stresses from being transmitted to the Impervite 

parts. Flexible couplings, installed as close to the exchanger as 

possible, are recommended to isolate the unit from vibration, 

misalignment, or thermal expansion of the piping or other loads, 

which can impose stress on the internal Impervite parts. 

Observe the stated torque values on your assembly drawing for the 

Impervite nozzles. Over-torquing can put undue load on the internal 

Impervite, which may cause it to crack. 

Use gaskets that are easy to seal with a maximum Y-value of 1300 

psig and minimum M–value of 2.5. Woven PTFE tape gaskets are 

recommended. The gasket should cover the graphite face. 
  Table 1. Impervite nozzle data. 

2-5   PRESSURE RELIEF DEVICE / THERMOWELLS 

Install a pressure relief device according to ASME Code Section VIII, Division I. Install them in 
process piping lines to minimize the number of openings in the heat exchanger. 

For added convenience, thermowells can be installed on the piping at the inlet and outlet of 

the heat exchanger to permit rapid visual checks of exchanger operation. Additionally, the 

installation of a bypass valve system on the heat exchanger piping will permit disassembly 

of the heat exchanger itself without shutting down the line. 

2-6 DISC SPRINGS

Disc springs are used on some of the studs for the S and L Series heat exchangers at the 

floating end of the exchanger. These studs are attached to the shell flange and act as safety 

devices in the unlikely event of complete tubing failure. The disc springs allow for the normal 

growth differences between the shell and Impervite tubing while maintaining proper gasket 

compression. When put into service, the gaskets may tend to cold flow slightly and may require 

adjustment of the spring height. The spring stack height for the disc springs is found on your 

specific assembly drawing. 

Replace damaged or defective disc springs. Do NOT reduce the disc spring below the 

minimum recommended height shown on the assembly drawing. Reduction of disc spring 

height beyond the recommended minimum will increase the bolt load and reduce the expansion 

capability of the shell, which could result in damage to the heat exchanger.

Impervite Nozzles 

Nom. Diameter ID (in.) OD (in.) 

3/4" 0.75 1.75 

1" 1 2.125 

1- 1/2" 1.5 2.875 

2" 2 3.5 

3" 3 4.75 

4" 4 6.25 

6" 6 8.125 

8" 8 10.375 

10" 10 12.625 

12" 12 15.375 

14" 14 17 
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SECTION III: OPERATION 

3-1 OPERATING PRECAUTIONS

Do NOT operate the heat exchanger at pressure or temperature conditions exceeding those specified 

on its nameplate and specification sheet. Exceeding the values could result in a catastrophic 

mechanical failure and/or serious bodily injury. 

Do NOT blow out the heat exchanger with air if material normally handled is flammable. Spreading 

these materials could result in a fire and/or serious bodily harm. 

Do NOT remove the clamp plates until all the pressure is relieved and liquids have been drained. 

Opening the heat exchanger while under pressure could result in explosive movement of the clamp 

plates or internal parts, potentially causing bodily harm. 

Do NOT thermal shock the heat exchanger with a hot liquid or vapor when it is empty or cold: nor with 

a cold fluid when the heat exchanger is hot. Gradually bring the heat exchanger up to operating conditions 

as outlined in SECTION 3-2. Using the recommended start-up procedures will reduce the possibility of 
damage due to mechanical stresses resulting from rapid temperature changes. 

3-2 START-UP

To start the heat exchanger, run the cold medium through first, then follow with the hot medium. 

Open valves slowly, flooding the unit and venting all air, before allowing full flow. The steam 

trap bypass valve should be open when starting up a steam-heated heat exchanger. This valve 

can be closed when a steady flow of steam has been attained. It is important that the steam be 

shut off promptly whenever the flow of process fluid is stopped or interrupted. If the steam 

remains on, the stagnant process fluid will boil, creating local pressure shocks that can crack the 

Impervite components. 
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SECTION IV: HEAT EXCHANGER MAINTENANCE 

4-1 INSPECTION AND CLEANING

Maintain a schedule of periodic inspections to check gasket joints and to determine the need for 

cleaning the exchanger. Chemical cleaning to remove scale buildup is the fastest and most 

convenient cleaning method. Avoid highly oxidizing chemicals, as they may attack Impervite 

components. Caustic solutions should be used CAUSIOUSLY. Circulate no stronger than a 20% 

solution for no longer than 4 hours. High pressure water-jet cleaning can be used provided 

precautions are taken to keep the nozzle moving continuously. A soft wire brush can be used for 

mechanical scraping of the heat transfer surface. Please see Table 2 below for cleaning options. 

If you have questions about the proper cleaning solution for your heat exchanger, contact CG Thermal. 

Table 2. Cleaning a shell and tube heat exchanger. 

If mechanical cleaning is required on the shellside, the Impervite tube bundle must be removed 

from the shell. In this situation, contact CG Thermal to arrange for Field Advisory Service. 

Shellside chemical cleaning must be restricted to cleaning solutions compatible with the 

shellside materials of construction 
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4-2 FOLLOWER TIGHTENING

If you suspect a pressure drop or notice a leak during operation or hydrostatic 

testing of your CG Thermal Impervite Graphite heat exchanger, the follower on 

your heat exchanger likely needs to be tightened.  

It is common for the packing material between the follower and the shell to settle 

during transit or as the unit acclimates to its operating conditions, requiring a 

tightening of the follower bolts. The follower is the flanged ring on the floating 

tubesheet end of the heat exchanger, closest to the shell.  

Figure 3.  Follower location.      Figure 4. Follower bolt. 

The follower bolts compress the packing between the metal shell flange and the metal follower forming a 

shellside seal at the floating tubesheet end. If the packing isn’t properly compressed the shellside fluid will 

leak to the exterior. 

Ensure that neither the shell or tube side of the exchanger is under pressure before proceeding. 

Unlike other areas on the heat exchanger where over-torquing could damage graphite components, these 

components are metal. So although the packing material could become exhausted, there is no danger of 

damaging the materials.  

Tighten the follower by using a reverse tandem radial torquing 

pattern, as seen in Figure 5. There is no set torque requirement 

but the bolts should be firmly snug. Afterward, perform a 

hydrostatic test at design pressure, as described in SECTION 4-

4. If issues persist, apply additional torque and retest.

It should be noted that throughout the life cycle of the heat 

exchanger, and as the packing acclimates to your operating 

conditions, further tightening may be necessary. 

Figure 5. Reverse Tandem Radial Torquing Sequence. 
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4-3 SHELLSIDE HYDROSTATIC TEST

If the heat exchanger is transferring fluids between shell and tube sides of the heat exchanger, a shellside 

hydrostatic test will confirm and locate the failed tube causing the leak. Refer to Figure 6 for visual 

clarification. 

NOTE: REFER TO THE ASSEMBLY DRAWING FOR ACTUAL DESIGN AND 

TEST PRESSURES. 

1. Install a blind flange on the lower shellside nozzle.

2. Fill the shellside with water using plant line pressure.

3. Loosely install a blind flange with a test fixture on the upper shellside nozzle.

4. Continue to fill unit using test fixture until water comes out between the fixture and shell

nozzle (this allows the air to bleed out as the shell is filled). Then tighten the upper blind

flange.

5. Attach the hydrostatic pump to the test fixture and bring the shell to the desired

test pressure. Do not exceed the design pressure shown on the assembly

drawing.

6. Check that there is no leakage from the blind flange gaskets or any other

plumbing connections. If there is, release pressure and tighten as required.

Figure 6. Hydrostatic testing visuals. 
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7. Using the hydrostatic pump, increase the pressure back to the test pressure. Do 

not exceed the design pressure shown on the assembly drawing. 

 

8. If no external leak is present after 10 minutes check the pressure. 

 

9. It is not unusual for the initial pressure to drop off due to the water soaking into 

the gaskets and/or trapped air being absorbed into the water. If the pressure has 

dropped, bring the unit back to the recommended test pressure as needed. 

 

10. Examine the packing or gasket area for external leaks. If found, release shell 

pressure and tighten down evenly to stop leaks. 

 

11. Again, pressurize the unit to proper test pressure. Once the unit is stabilized 

for an additional 10 minutes, it can be put into service. 
 

NOTE: It is only necessary to complete a shellside test to identify a loose follower or 

a leaking tube. If a tube side test is performed, be certain to do so with the shellside 

filled to avoid a potentially dangerous and sudden high-pressure release as the result 

of a tube failure. Always release pressure before tightening any hardware. 

 

CG Thermal LLC can provide experienced field advisory personnel to guide and instruct 

construction and maintenance supervisors in the techniques used in assembling, installing, and 

maintaining Impervite impervious graphite equipment. Contact CG Thermal to arrange for Field 

Advisory Service. 
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4-4 DOME REMOVAL 

For shellside mechanical cleaning, inspection, or for maintenance access to the tubesheet, tubes, 

internal gaskets, and packing, removal of the dome is necessary.  

 

CAUTION: Pressure MUST be released from the unit before proceeding with 

dome removal. Failure to release pressure properly can result in serious 

bodily harm or death.  If there is any uncertainty regarding the procedure 

below, please contact CG Thermal immediately for assistance. 

 

If the floating dome disc spring-loaded fasteners are rusted or "frozen,” they will 

need to be cut for removal. Extreme care must be taken to restrain the fastener 

when cutting to relieve spring force. Loose pieces can potentially become a 

dangerous projectile, which can cause bodily harm. 

Before removing the stationary end head, all disc spring tension on the floating 

end must be released. Release the disc spring in four steps in a reverse tandem 

radial pattern to avoid damage to the bolts and Impervite parts, as described in 

Figure 5.  

1. If possible, move the heat exchanger to a convenient working area where hoist or 

crane facilities are available. 

2. Make sure to flush the unit on both shell and tube sides to remove all process fluids. 

3. Make sure to drain and dry the unit out thoroughly. 

4. The floating end (bottom) of the unit must be removed first. 

• Make sure all process plumbing has been removed and placed out of the 

way. Also make sure you have enough space to support & remove the 

dome and clamp plate. Please refer to your general arrangement drawing 

and parts list. The metal clamp plate and graphite dome can be two 

separate pieces.  

• Remove all spring-loaded studs at the rate of a ¼ turn each, until loosened. 

• Make sure to have the dome and clamp plate supported from underneath 

before removing the remaining studs. 

• When removing the remaining studs, loosen each at the rate of a ¼ turn at a 

time using a reverse tandem radial pattern, as described in Figure 5. 

5. As studs loosen, the dome and clamp plate will detach from the unit. 

6. Carefully remove and set aside the floating dome and clamp plate. 
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7. The packing seal and follower can then be removed and replaced if necessary. 

Figure 7. Parts of a shell and tube heat exchanger. 

 

 

4-5 GASKETS AND PACKING REPLACEMENT 

Gasket and packing leaks should be sealed immediately to avoid corrosion or erosion damage to 

associated parts. Gaskets recommended as spare replacement parts are all of woven PTFE 

(TEFLON®) tape or rope gasket material suited to the design of the heat exchanger. Service side 

packing for the S-Series and L-Series heat exchangers are of high-performance braided graphite 

packing. Always keep a supply of gasket and packing material on hand. Refer to your assembly 

drawing for the sizes and types needed. Refer to Section V: Recommended Spare Parts, for a 

list of recommended spare parts. 
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4-6 TROUBLESHOOTING FLUID TRANSFER 
 

Perform a hydrostatic test (SECTION 4-3) if the transfer of fluid between shellside and tubeside of the heat 

exchanger is suspected. If broken tubes are causing a transfer to occur, the water will run from the 

associated tubesheet hole and collect in the process. 

 

If the test confirms a fluid transfer, remove the floating dome per SECTION 4-4, allowing for visual 

identification of the broken tube(s). Contact CG Thermal for test rings to secure the floating tubesheet for 

testing.  

 

1. It is important to dry tubes out as completely as possible. 

 

2. Install the provided floating end test ring where dome was bolted up. Bolt patterns will match up 

with the retaining flange. Tighten the test ring using a reverse tandem radial torquing pattern, as seen in 

Figure 5. There is no set torque requirement but the bolts should be firmly snug. It is important to place 

two “safety studs” where some of the spring studs were located. These will go from the back side of 

shell flange to the face of the test ring and will only be hand snug.  

 

3. Perform shell side hydrostatic test again (SECTION 4-3) 

 

a. It is preferred to remove service plumbing and blind-off the unit to build enough pressure. 

b. Once ready, the unit should be pressurized to maximum working pressure while keeping an eye on 

the exposed floating tubesheet face for leaks. Each tube that drips water should be marked. 

c. Note that proper testing could take several hours as large leaks appear immediately and smaller 

ones can take time to show water. Throughout hydrostatic testing unit you may have to 

repressurize unit multiple times. It may be necessary to keep a constant flow in order to find all 

leaking tubes.  

 

4. Once you are confident all tubes are found and marked, the unit should be drained of water and 

dried out once again.  
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4-7 TUBE PLUGGING PROCEDURES 

In many cases, broken or leaking heat exchanger tubes can be plugged instead of replaced 

immediately. Approximately 10% of the tubes in any one pass could be plugged before it is 

recommended to re-tube the entire tube bundle.  

If compatible with the process fluid, EPDM ball plugs can be used for plugging. These can 

simplify the plugging process since they seal with force fit and do not require cement. Please 

contact CG Thermal for more detailed information.  

To install a CG Thermal standard graphite repair plug, perform the following procedures: 

1. Plugs should be installed in both the floating and stationary end of the 

tubesheet. 

2. The stationary tubesheet must be removed to gain access to tubesheet for 

plugging. 

3. The stationary dome can be removed with method similar to floating dome, 

although it will not be spring-loaded. 

4. Using a twist drill, drill the tube to be plugged. If the tube is broken, drill 

back approximately 3”. If the tube isn’t broken, drill back far enough to 

break the tube. Perform this step on both ends of the tube at both tubesheets. 

5. Blow debris out of the drilled tube using compressed air. 

6. Wipe the drilled hole ID and the plug with acetone. 

7. Mix the cement per can instructions. 

8. Coat a small OD brush with cement and apply it into the drilled hole on both 

tubesheets. 

9. With rubber gloves, coat plugs heavily with the mixed cement. Place t h e  

plug into the hole of the tube that needs to be repaired, forcing as much 

cement as you can as you push it into the hole. 

10. Push the plug about ½” past flush of the front of the tubesheet. 

11. With your finger, fill the ½” space with cement and tape the face to keep the 

cement in. 

12. Let the cemented plugs air dry for a minimum of 8 hours. 
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13. Apply dry heat to the unit, until the back edge of the tubesheets reaches 

100°F. Continue this heat for 1 hour. 

14. Increase temperature to 160°F, holding temperature for 4 hours. 
                            

 

 

 

                      

 

Figure 8. Tube Hole Drilling 

 

 

 

 

                  

 
  

 
Figure 9. Repair Plug Installation. 

4-8 TUBE REPLACEMENT 

Tube replacement in the field presents many challenges, and therefore we recommend plugging 

tubes whenever possible. If over 10% of the tubes have failed, we recommend returning the 

unit to the CG Thermal for re-tubing. 

 

 

 

                                                TUBESHEET 
OUTSIDE FACE 

IMPERVITE REPAIR 

PLUG 
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4-9 REASSEMBLY 

1. Reassemble the heat exchanger, reversing the steps in SECTION 4-4. Make sure to 

tighten all bolted joints uniformly using a reverse tandem radial torquing pattern, as 

indicated in Figure 5. 

2. Always use new gaskets, packing, and disc springs as required, and clean all gasketed 

surfaces carefully to ensure proper sealing. 

3. For flanges under 14”, the same radial pattern can be performed by one individual. 

Loaded studs should be tightened in four increments. Refer to your specific assembly 

drawing for proper torque values and spring settings.  

4. After assembly, test the heat exchanger at the desired operating pressure, not exceeding 

the pressure shown on the nameplate.  

5. If the PTFE gaskets leak slightly, it may be necessary to allow them to “set” before a 

leak-free joint is attained. This may take about 12 hours but can be sped up by heating 

the exchanger with low-pressure steam. 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 10. Reverse Tandem Radial Torquing Sequence. 
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SECTION V: RECOMMENDED SPARE PARTS 

 
When ordering spare parts, please refer to the heat exchanger drawing or serial number. 

This will ensure that the parts ordered will be the correct items and the correct materials 

of construction for your heat exchanger. 

 

The following are generally recommended spare parts: 
 

 
 

                        Table 3. Recommended spare parts. 

 

  For replacement parts, field service, or exchanger rebuilding, call: 

 

CG Thermal LLC 

1470 Enterprise Pkwy  

Twinsburg, Ohio USA 44087 

 

Telephone: (330) 405-0844 

Fax:  (330) 487-0304 
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