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The HEI has changed the name of Standards for Power Plant Heat Exchangers to Standards for Shell and Tube Heat Exchangers. The fifth edition of these standards has been developed by the Shell and Tube Heat Exchanger Section of the Heat Exchange Institute, Inc. The technical information in these standards combines present industry standards, typical Purchaser requirements, and Manufacturers' experience and outlines the important design criteria for power plant heat exchangers.



In the preparation of these standards, consideration has been given to the work of other organizations, such as the American National Standards Institute, the American Society of Mechanical Engineers and others. Credit is hereby given to all those whose standards may have been helpful in this work. The publication of the fifth edition of the Standards for Shell and Tube Heat Exchangers represents another step in the Heat Exchange Institute's continuing program to provide standards which reflect the latest technological advancements in the field of heat exchange equipment. The Standards for Shell and Tube Heat Exchangers are continually reviewed by the Technical Committee at scheduled meetings under the direction of the Shell and Tube Heat Exchanger Section. Suggestions for improvement of these Standards are welcome and should be sent to the Heat Exchange Institute, Inc., 1300 Sumner Avenue, Cleveland, Ohio 44115-2185, or via telephone at 216-241-7333, via fax at 216-241-0105, or email the Heat Exchange Institute, Inc. at hei@ heatexchange.org. Additional information about the Heat Exchange Institute, Inc, can be found at www. heatexchange.org.



These standards provide practical information on nomenclature, dimensions, design, testing, construction and performance. Use of the standards will ensure a minimum of misunderstanding between Manufacturer and Purchaser and will assist in the proper selection of equipment best suited to the requirements of the application. These standards represent the collective experience of the Section members and provide a guide in the writing of specifications and in the selection of heat exchangers for power plant use.
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1.0 SCOPE AND PURPOSE 1.1 Scope These Standards are intended to apply to shelland-tube type heat exchangers containing bare or extended surface tubes used primarily in power plants. Shell and tube heat exchangers transfer heat indirectly from one fluid to another by means of a number of tubes arranged in an optimized pattern enclosed by a cylindrical shell. In general, one fluid flows through the tubes and the other flows over and along the length of the exchanger. Almost every exchanger is custom designed and constructed. Requirements can vary over a wide range of pressures and temperatures. For each basic construction, there are many possible variations in configurations to suit special operating needs such as designing for desired heat transfer, lower pressure drop, corrosion, fouling, erosion etc. They are the most versatile of any other heat transfer equipment in terms of materials used for the construction and size. Maintenance such as cleaning, replacement of failure prone components etc. can be made relatively easy. Depending on the state of the working fluids, exchangers can be classified into liquid-liquid exchangers, gas-liquid exchangers, and gas-gas exchangers. Some of the commonly used names for the heat exchangers to which these Standards apply are listed below. It is not intended that this list be allinclusive or that it limit the use of these Standards to only those heat exchangers named. Auxiliary Steam Generators Bearing Water Coolers Blowdown Exchangers Bypass Condensers Cleanup Exchangers



Component Cooling Water Exchangers Condensate Coolers Fuel Oil Heaters Fuel Pool Coolers Fuel Reprocessing Exchangers Geothermal Units Glycol/Glycol-Water Heaters HTGR Exchangers Jacket Water Coolers Liquid Metal Exchangers Lube Oil Coolers Preheaters Radwaste Treatment Exchangers Reactor Building Exchangers Reboilers and Evaporators Residual Heat Removal Exchangers Turbine Building Exchangers It is not intended that these Standards be applied to heat exchange equipment covered by other HEI Standards, such as feedwater heaters, condensers, etc.



1.2 Purpose These Standards have been developed to be used by heat exchanger Purchasers and Manufacturers to delineate some of the pertinent thermal, hydraulic, and mechanical design features and requirements for heat exchangers used in power plants. It is intended that these Standards provide a basis for a mutual understanding and interpretation of heat exchanger requirements between the Purchaser and Manufacturer and assist in specifYing, designing, and fabricating heat exchangers. Most of the heat exchangers covered by these Standards may also be required to conform to the Design Specification and the ASME Boiler and Pressure Vessel Code, Section III, Division 1, Class 1, 2, or 3, or Section VIII, Division 1 or 2.



2.0 DEFINITIONS 2.1 Cleanliness Factor



2.5 Design Temperatures



The cleanliness factor is the ratio of the overall heat transfer coefficient to the clean overall heat transfer coefficient.



The design temperatures are the temperatures for which the shell and tube sides of the exchanger are structurally designed.



2.2 Code



2.6 Effective Surface



For the purpose of these Standards, the Code refers to the ASME Boiler and Pressure Vessel Code, Section III, Division 1, Class 1, 2, or 3, or Section VIII, Division 1 or 2.



The effective surface in the heat exchanger is the external tube surface used for heat transfer.



2.3 Design Point The design point is the set of operating conditions and constraints which are to be satisfied by the heat exchanger.



2.4 Design Pressures The design pressures are the pressures for which the shell and tube sides of the exchanger are structurally designed.



2.7 Fouling Resistance Fouling resistance is a resistance to heat. flow caused by the deposition of corrosive products, dirt, or other foreign material on the inside or outside surface of the tubes.



2.8 Gross Surface The gross surface in the heat exchanger is the total external tube surface.



2.9 Heat Exchanger Approach Temperature



2.15 Operating Pressures



The heat exchanger approach temperature is the temperature difference between the hotter fluid exit temperature and the colder fluid entrance temperature.



The pressures for which the shell and tube sides of the exchanger are thermally.and hYclfl:illlically rated.



2.16 Operating Temperatures



2.10 Heat Exchanger Boundaries



The temperatures for which the shell and· tube ~~1;;r~t:~~ exchanger are thermallLan~~Ydrauli-



For the purpose of these Standards, the boundaries of the heat exchanger extend from the inlet nozzles to the outlet nozzles on both the shell side and the tube side. The boundaries also include foundation supports welded to the heat exchanger pressure parts.



2.17 Overall Heat TransferCoeffiCierit The overall heat transfer coefficientis the average heat transfer rate between the tube side and shell side fluids under specified fouling conditions. The overall heat transfer coefficient iscolll1Il onlyreferred to as the service rate and is the inverse of the sum of all of the heat transfer resistances (iricluding fouling resistances). The inclusion of foulirig resistances (or application of a cleanliness factor)iricreases the amount of required effective surface so that if fouling occurs over time, the increased surface will allow acceptable performance for some additional amount of time (see 3.2). When the overall heat transfer coefficient does not include fouling resistances (or application of a cleanliness factor), it is commonly referred to as the clean rate. These rates are shown on line 33 of the heat exchanger specification sheet (see Appendices F-1, F-2, and F-3).



2.11 Heat Exchanger Duty Heat exchanger duty is the heat transferred per unit of time from one fluid to another.



2.12 Logarithmic Mean Temperature



Difference (LMTD) Logarithmic mean temperature difference is a mathematical relationship expressing the integrated thermal driving potential for transferring heat between the shell side and tube side fluids in true counterflow or parallel flow heat exchangers. Formula can be found in Appendix B, (see B1.0).



2.13 LMTD Correction Factor The logarithmic mean temperature difference correction factor is used to adjust for deviation from true counterflow within multipass or various other flow arrangements of counterflow heat exchangers (see B2.0).



2.18 Pressure Loss The pressure loss of a fluid traveling through the heat exchanger tube side or shell side consists of the irrecoverable loss in operating pressure as the fluid stream travels from one boundary of the heat exchanger to the other. The tube side pressure loss includes the loss through the inlet and outlet nozzles, the channels, and the tubes. The shell side pressure loss includes the loss through the inlet and outlet nozzles and the bundle. The tube or shell side pressure loss does not include any change in static head.



2.14 Mean Temperature Difference (MTD) The mean temperature difference is the integrated thermal driving potential for transferring heat between the shell side and tube side fluids in heat exchangers. In counterflow heat exchangers with multipass or various other flow arrangements, a correction factor is applied to the logarithmic mean temperature difference to obtain the mean temperature difference; it is the product of the LMTD times the correction factor (see B2.0).



3.0 HEAT EXCHANGER PERFORMANCE 3.1 Exchanger Performance



3.1.1 Minimum Data Required to be Supplied by the Purchaser



Although heat exchangers may be operated under a number of different conditions, the design should be predicated on one specific set of operating conditions termed the "design point". For the respective flow rates and inlet temperatures, the heat transfer requirements must be satisfied by meeting the respective heat exchanger duty and the outlet temperatures. For the respective flow rates, the maximum allowable pressure losses must not be exceeded. The procedures of the ASME Power Test Code for the measurement of temperature, pressure, and flow may be followed in evaluating the performance capability of any heat exchanger built to these Standards.



(1) General information Plant location: Service of uniUitem number: Position: (horizontal or vertical) Arrangement: (single or multiple stream) Space limitations: (overall length or overall length plus withdrawal clearance) Unit type: (U-tube, floating head, removable bundle, fixed tubesheets, etc.) See Appendix M Heat exchanger duty: (if outlet temperatures are not specified) Btu/hr
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Cleanliness factor: (if fouling resistances are not specified) (2) Tube Side and Shell Side Parameters Fluid name... _ Fluid composition... ---::--__=__ Fluid flow rate... --:Ibm/hr Fluid temperature-in... OF Fluid temperature-out... OF (if duty is not specified) ft/sec Fluid velocity-maximum @ OF... psi Fluid pressure loss-maximum... Fluid connection sizes... in Design pressure... psig OF Minimum design temperature... Maximum design temperature... OF Operating pressure... psia Fouling resistance... hr-ft2-OFlBtu (if cleanliness factor is not specified) Corrosion allowance... --::::-:---:--c--:--:-=:----- ••• Applicable Code SectionlDivision/Class... __ Material requirements ....-=--:--------::-:Steam quality (if applicable)... mass % Blowdown (if applicable)... Ibmlhr



3.2.1 Types of Fouling Most types of fouling which occur in power plant heat exchangers can be classified as follows: (1) Corrosion. This usually occurs in the form of an oxide layer. It is more prevalent with carbon steel tubing. (2) Crystallization. This is the formation of a salt scale, especially calcium carbonate on the tubes as a result of minerals in the water in excess of the saturation point. (3) Solids. These are in the form of silt, suspended dust particles, corrosion particles, etc. (4) Biological Growth. This is caused by a number of organisms that can attach to the tubing, such as algae, mussels, etc. They can build up rapidly, reducing the heat transfer rate and in some cases severely restricting the flow. (5) Hydrocarbon deposits. When hydrocarbons are exposed to high temperatures, a hard crust can form on the tubing.



Thermodynamic properties, including density, viscosity, specific heat, thermal conductivity, and latent heat, should be provided for fluids where data is not readily available.



3.2.2 Ways to Minimize Fouling Although it is not always practical, periodic cleaning can be used to substantially reduce fouling. This can be accomplished by mechanical cleaning (cleaning balls, brushes, etc.). Chemicals can be introduced into either or both of the heat transfer fluids to effect a partial removal of foulants from the tubing. Backwashing can be used to sweep away loose particles. Thermal shocking can be used to break up mineral deposits. It is recommended that the fluid which fouls most rapidly be circulated through the tubes, thereby avoiding the accumulation of particles in stagnant areas. Tubeside velocities less than 2 fps should be avoided, with velocities above 3 fps preferable. Likewise, excessively low shell side velocities should be avoided. Untreated water should be avoided since it may contain an appreciable amount of minerals, microorganisms, silt, etc.



(3) Overload and Abnormal Conditions It is possible that severe loads (either hydraulic or thermal) may occur when the exchanger is operated at other than the design point conditions. To ensure that all factors are taken into consideration in the design of a heat exchanger, the following information shall be provided by the Purchaser to enable the Manufacturer to perform a comprehensive fatigue and operability analysis. Mode of Operation Tube side and shell side fluid parameters (see 3.1.1 (2» Maximum allowable pressure losses for abnormal operating conditions Transients (thermal and hydraulic) Chemical cleaning thermal conditions, if any



3.2.3 Fouling Resistance Versus Cleanliness Factor



When such data is not provided, the Manufacturer's design shall be limited to steady state conditions.



If the Purchaser specifies a cleanliness factor in lieu of fouling resistances, the clean overall heat transfer coefficient shall be multiplied by the cleanliness factor to determine the overall heat transfer coefficient. Figure 1 is provided to illustrate the relationship between fouling resistance, cleanliness factor and overall heat transfer coefficient. For example, a heat exchanger with a total fouling resistance of 0.001 hr-fP-OFlBtu and an overall heat transfer coefficient of200 Btu/hr-ft2-oF has a cleanliness factor of 80%. If the overall heat transfer coefficient increases to 400 Btu/hr-ft2-oF, the cleanliness factor will be 60%.



3.2 Fouling Resistance and Cleanliness Factor It is recommended that fouling resistances be applied to both the inside and outside tube surfaces, as all heat transfer fluids cause fouling to some degree. Fouling resistances are more difficult to quantifY than other thermal parameters since they depend on a number of factors. The purchaser shall specify the fouling resistances or cleanliness factor (see 3.3.1). The fouling resistance is responsible for specifying material suitable for the fluid chemistry, pressure, and temperature to avoid erosion/corrosion, stress corrosion cracking, galvanic action, etc.
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Table 2 Maximum Tube Velocity



3.2.4 Performance Monitoring 100



.----...,---...,---T---...,--...,...,--....,..--.....--r---......



90



If the Purchaser will monitor the increase of fouling with time, then it is recommended that baseline performance testing be done while the amount of fouling is minimal. This should be done as soon as possible after the installation of the heat exchanger. Any subsequent deterioration in performance will be attributable to an increase of fouling, and the amount of increase in fouling resistance can readily be calculated.



Tube Material



3.2.5 Representative Fouling Resistances



Stainless Steel, Nickel Alloys, Titanium Copper-Nickel (70-30, 80-20, 90-10) Low Alloy Steel Admiralty, Copper, Aluminum-Brass Carbon Steel



Table 1 presents fouling resistances typically used in power plant heat exchangers.



3.5 Pressure Loss



60 1-



...,u0 oj



f;t,



rn rn



CJ



50



.S Q



oj



CJ



Co)



40



Fluid



Fouling Resistances (Range)



Cooling Tower Water (treated) Demineralized Water Treated Condensate Sea Water Brackish Water River Water Boiler Blowdown Oil-free Steam Oil-bearing Steam Number 6 Fuel Oil Number 2 Fuel Oil Lube Oil Ethylene Glycol Solutions Industrial Heat Transfer Fluids



0.0005 0.0005 0.0003 0.0005 0.001 0.0005 0.001 0.000 0.0005 0.002 0.002 0.001 0.0005 0.0005



to to to to to to to to to to to to to to



0.0015 0.001 0.001 0.003 0.005 0.003 0.003 0.0005 0.0015 0.020 0.020 0.005 0.0015 0.002



3.5.1 Tube Side Pressure Loss Below is a method of determining the tube side pressure losses from and including the channel inlet and outlet nozzles (pressure losses are calculated for friction, nozzles, tube entrance, exit and turning). This method is applicable to either straight or U-tubes. This method is only applicable to clean smooth tubes with turbulent flow (Re ;;,,3,000) and no change of phase. It is a condensed method to check pressure losses in the evaluation of the equipment. In the event of multiple tube gauges, the nominal LD. is the mean effective value.



3.3 Heat Exchanger Approach Temperature The Purchaser, by stipulating the design point, specifies the heat exchanger approach temperature. Generally, as the approach temperature decreases, the required heat exchanger surface increases. The selection of the approach temperature affects the hot and cold fluid flows which, in turn, affects plant operating costs. Care should be taken to consider capital costs versus operating costs. When multipass arrangements are used, care should be taken to ensure that the exchanger does not operate in a thermally unstable region; that is, the LMTD correction factor should not be subject to large fluctuations with small changes in inlet parameters.
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Total Fouling, hr-ft2- °FlBtu



Inside Tubes 6



= 8.705 X 10- (!!.-)2 Nf L T At d
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where: f = 0.0014 + 0.125(Re)-o.32 wd Re = - - - - 0.2014flAt



Nozzle Losses



3.4 Tube Velocity The fluid velocity through the tubes at the average temperature for the design point should not exceed the values contained in Table 2. These velocities are applicable to water of boiler feed quality. Lower velocities should be considered when erosive fluids are present.
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Tube Entrance, Exit and Turn Losses



Figure 1 CLEANLINESS FACTOR-TOTAL FOULING COMPARISON



4



10.0 9.0 9.0 8.5 8.0



The allowable shell side and tube side pressure losses shall be specified by the Purchaser. By specifying as high a shell side pressure loss as economically justifiable, the Purchaser allows the designer to minimize the baffle pitch and thus, minimize the unsupported tube length. By minimizing the unsupported tube length, the potential for detrimental tube vibration is reduced. Also, a shorter baffle pitch normally contributes to a higher cross-flow velocity on the shell side which improves the heat transfer coefficient. Generally, as the allowable shell side and tube side velocities increase, the heat exchanger surface and the potential for fouling decrease.



Table 1 Representative Fouling Resistances hr-ft2_ OFIB tu



i x . ' If the design limits are exce(lded;accelerated erosion and failure may occur. There are p.o d()fu:lltive guidelines presently available that can adequately determine the relationship of erosion to length oftime. at.overload or abnormal operating conditions.



3.10 Vent and Drain Connections All high and low points on the shell and tube sides of an exchanger, not otherwise vented or drained by nozzles, shall be provided with connections, as required.



ted in Section III, Class 3 exchangers may not be permitted in Section III, Class 1 or Class 2 exchangers. Furthermore, the required tests and inspections differ depending on the applicable section of the Code. For example, certain sections of the Code may require impact or ultrasonic testing of the materials being used. It would be impractical to list all the materials that may be used in Code constructed units; however, some of the more commonly used materials and the parts for which they are used are given in Table 4. It should be noted that the specification number indicated may not be acceptable for use in all classes of Section III heat exchangers (refer to ASME Section II, Part D).



4.1 General The materials used for pressure parts and for external supports, where applicable, shall be in accordance with the Code, as required by the Design Specification. The Purchaser is responsible for specifYing materials suitable to withstand the radiation levels specified in the Design Specification. The Purchaser is responsible for specifYing material suitable for the fluid chemistry, pressure, and temperature to avoid erosion/corrosion, stress corrosion cracking, galvanic action, etc. Some materials which are permitted for use in Section VIII heat exchangers may not be permitted by the Code for use in the construction of Section III exchangers. Also, materials which may be permit-



Table 4 Materials of Construction



Bar Bolting Forging



Pipe



Plate



Tube



ASME Specification Number Commercial SA-36 SA-479 SA-193 SA-194 SA-320* SA-105 SA-182 SA-266 SA-350* Commercial SA-53 SA-I06 SA-312 SA-333* Commercial SA-36 SA-204 SA-240 SA-285 SA-387 SA-515 SA-516* SB-127 SB-169 SB-I71 Commercial SA-179 SA-2l0 SA-213 SA-214 SA-249 SA-268 SA-334* SA-556 SA-557 SA-688 SB-ll1 SB-163 SB-338 SB-395



~] ~ ;., 5$ .... ~



~:s



"Q



rn



CD



lE ~



I:Q



rn



CD



1:1 1:1



rn ;.,



..r:



0



CD



~



0



I>



CD



1:1 ~



-



rn



rn



'oJj



r;.;



0



CD to< to



0



Z



...::l



rn



Z



.!!J



"ai ..r: 00



;., CD 9-23 >23-39 >39-59 >59-79 Over 79



~Flex-seal



(optional) for use on removable bundles.



Figure 7 TYPICAL BAFFLES AND SUPPORT PLATES 14



Maximum Unsupported Tube Length in 28 36



I



FULL SUPPORT PLATE
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Table 11 Maximum Unsupported Tube Length
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5.8.1.1 Tube Hole Diameters For unsupported tube lengths up to and including 30 inches, tube hole diameters should be the nominal tube OD plus Yaz inch. When the unsupported tube length is greater than 30 inches and the nominal tube OD is less than or equal to 1 ~ inches, tube hole diameters should be the nominal tube OD plus ~4 inch. All tube holes shall have a maximum over-tolerance of 0.010 inch. The tube holes shall be smooth, and burrs shall be removed to prevent damage to the tubes.
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Diametral Clearance in



5.8.2 Tie Rods and Spacers



5.8.5 Sealing Devices Where by-pass of shell fluid around or through the tube bundle must be limited to provide adequate thermal performance, sealing bars or dummy tubes should be provided. Dummy tubes should be plugged at one end and adequately secured. Tie rods and spacers may also be located so as to function as sealing devices.



5.8.2.1 Tie Rods Each baffle segment shall be supported by a minimum of three tie rods. The number of tie rods and nominal tie rod diameter should be no less than that given in Table 13. The number of tie rods and tie rod diameters may be varied provided an equivalent metal area is maintained.



5.9 Shells and Shell Covers Table 13 Minimum Tie Rod Parameters Nominal Shell Inside Diameter in



Number of Tie Rods



4-14 >14-29 >29-43 >43-59 Over 59



4 6 8 10 12



5.9.1 Diameters Although the tables in these Standards reference certain nominal shell diameters, this should not be construed as a restriction on the minimum or maximum shell diameter. In specifying shell diameters, nominal inside diameters are used in these Standards and are generally used throughout the industry.



Nominal Tie Rod Diameter in



% Y; Y;



5.9.2 Thickness



~



The nominal shell and shell cover thicknesses should be no less than that shown in Table 15.



~



Table 15 Minimum Cylinder and Formed Head Thicknesses



5.8.2.2 Spacers Spacers should be cut in a manner that provides proper baffle alignment. Spacer wall thickness shall be adequate to withstand buckling loads caused by tie rod nut torque and, in the case of vertical heat exchangers, additional dead weight baffle load.



Nominal Shell Inside Diameter



in 4-7 >7-9 >9-12 >12-19 >19-29 >29-39 >39-59 Over 59



5.8.3 Longitudinal Baffles The nominal thickness oflongitudinal baffles shall be adequate to meet the design conditions, but in no case less than that given in Table 14.



Table 14 Minimum Longitudinal Baffle Thicknesses Nominal Shell Inside Diameter in



Nominal Thickness in



Nominal Thickness Carbon Steel Alloys in in
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(J) If pipe



is used, the nominal wall thickness should be Standard Weight. (2( If pipe is used, the nominal wall thickness should be Schedule 30.
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Table 16 Minimum Pass Partition Thicknesses



Shell expansion joints shall be constructed in accordance with the Code and analyzed for each operating condition. The data for each operating condition shall consist of the shell side design conditions, the total design axial movement of the expansion joint (+ for joint extension, - for joint compression), and the required cycle life, as a minimum. To ensure that the expansion joint is designed for its intended function, it is important that the required cycle life be a realistic indication of the cycles that the heat exchanger is expected to experience over its design life. Bellows expansion joints should be supplied with shipping brackets which shall be removed or disconnected after the heat exchanger is installed. In addition, removable covers shall be supplied on bellows expansion joints which are to be insulated and where it is necessary to protect the bellows element. The Manufacturer shall advise the bellows expansion joint manufacturer ofthe required weld end material and the acceptable flexible element materials. When expansion joints are used, the tubes may no longer act as stays for the tubesheets; hence, the tubesheet thicknesses may have to be increased to reduce the stresses to allowable values.



in 4-12 >12-25 >25-39 >39-59 Over 59



Curve A - Short Edges (W) Fixed and Long Edges (L) Supported Curve B - Long Edges (L) Fixed and Short Edges (W) Supported 1. 2



The Purchaser shall specify all the operating conditions required by 3.1.1 to enable the Manufacturer to assess the need for an expansion joint. Under some conditions, excessive longitudinal stresses in either the shell or tubes of a heat exchanger having fixed tubesheets and straight tubes can arise. These stresses re~ult from a combination of loads generated by flUId pressure and those due to differential thermal expansion. They are generated by the interaction between the shell, tubes, and tubesheets, all acting as structural members. A shell expansion joint should be considered if in its absence, the shell or tube longitudinal stres~ exceeds the allowable value; the tube joint load is excessive; or the tube buckling load is excessive. The likelihood of any of these conditions is increased when there is an extreme temperature differential or high pressure on either the shell side or tube side.



The preferred method of sealing longitudinal baffles is to weld them to the shell. When longitudinal baffles are not welded, flexible seals may be used to prevent leakage between the shell and the longitudinal baffle. Special design consideration should be given to cases where there is a large differential pressure across the longitudinal baffle, and the use of flexible seals may be undesirable.



5.8.4 Impingement Plates yYhen an impingement plate is used, the nominal thIckness should be no less than Y inch for alloys and %inch for carbon steel (see 3. 7)~



16



-,_ 1 _I_



1.1



I



1.0



5.10 Channels, Bonnets, and Floating Heads



/'



0.9



0.8



The nominal channel, bonnet, and floating head thicknesses should be no less than that shown in Table 15.



/



K 0.7



5.10.2 Interpass Flow Velocity



0.6



The length of channels, bonnets, and floating heads should be designed such that the nominal interpass flow velocity will be no greater than 0.7 times the mean velocity in one tube pass.



0.5 0.4



5.10.3 Pass Partition Plates
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5.10.1 Thickness
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The thickness of pass partition plates should be calculated in accordance with the equation below, but in no case should the nominal thickness be less than that given in Table 16.



Figure 8 PASS PARTITION SHAPE FACTOR



t=wV:



5.11 Bolted Covers Bolted covers should be designed in accordance with the applicable Code rules; however, in some cases, it may be desirable to use covers thicker than required by Code rules to minimize deflection and the resulting leakage across pass partitions.



y



5.9.3 Expansion Joints



Nominal Thickness Carbon Steel Alloys in in



Nominal Channel Inside Diameter



where S = Yield stress at design temperature, psi t Y = Pass partition plate thickness (excluding corrosion allowance), in P = Calculated differential pressure across the pass partition plate at the maximum overload flow specified, psi K = Shape factor from Figure 8 W = Width of pass partition (short edge), in L = Length of pass partition (long edge), in



5.11.1 Cover Thickness The following equation may be used to estimate the thickness required to limit the deflection at the center of a plate subjected to a pressure load and a uniform moment applied at the gasket diameter. The deflection to be used in the equation should be selected by the designer based on the location of the partitions, the thickness and resilience of the gasket material, the pressure differential across the partitions, and the consequences of interpass leakage.



The edge of the pass partition which contacts the gasket may be tapered to the minimum pass partition thickness for alloys as shown in Table 16.
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5.13 Nozzles and Supports



Table 17 Packed Joint Parameters Nominal Shell Inside Diameter in 4-19 >19-39 >39-59 Over 59 m



5.13.1 Nozzles



Pckpil Tuhe..:hppt (1)



Nominal Packing Ring Size in



~



Y; ~



Packed Tubesheet with Lntprn Rina" Minimum Minimum Maximum Maximum Number of Maximum Maximum Temp. Number of Pressure Rings Pressure Temp. OF OF Rings psig psig Each Side 2 300 600 1 300 400 2 300 600 1 150 400 2 300 600 1 75 400 Packed Joints Not Recommended In These Sizes



Can be applied to a packed nozzle with diameters equivalent to the respective shell diameters.



5.12.3 Construction Requirements _ [3G2(1-V) (PG2 Wh)] T2Eb 128 (5+v) + nG



The recommended clearances and surface finishes for packed joints designed per Table 17 are shown in Figure 9. Floating tubesheet skirts should extend toward the tube side or be designed to prevent the formation of stagnant areas on the shell side.



1/3



where E = Modulus of elasticity of cover material, psi (see Appendix J) G = Diameter at location of gasket load reaction, in h = Distance (radial) from bolt centerline to gasket load reaction location, in P = Design pressure, psig T = Thickness, in W = Total bolt load, lbf b = Deflection at center of cover, in v = Poisson's ratio for cover material



Nozzle projections shall be in accordance with the Manufacturer's normal practice, unless otherwise specified by the Purchaser. The bolt holes of flanged nozzles should straddle the planes of the exchanger centerlines.



p



5.13.2 Supports 5.13.2.1 Design



Cylindrical Shell



Each exchanger should have supports designed to support the heat exchanger in the specified position and to resist all other specified external loads. The supports should be designed such that the exchanger is restrained from movement in all lateral directions; however, only one support should restrain movement in the longitudinal direction, while the remaining supports permit longitudinal movement. Supports will not be designed to lift the exchanger, unless otherwise specified by the Purchaser.



p



Spherical Shell



5.13.2.2 Welded Supports When a support is welded directly to a pressure boundary part, the support material shall be the same type as the part to which it is being welded or made compatible by suitable overlay. When a support is attached to a pad which is welded directly to a pressure boundary part, the pad material shall be the same type as the part to which it is being welded.



Figure 10 NOZZLE LOAD NOMENCLATURE Cylindrical Shell Vc = Shear force in the circumferential direction VL = Shear force in the longitudinal direction =Axial force = Bending moment in the circumferential direction with respect to the shell = Bending moment in the longitudinal direction with respect to the shell =Torsional moment



5.13.3 Nozzle Load and Support Analysis 63 R.MS



PACKED TUBESHEET



In cases where there are no partitions and deflection is not a consideration, only Code requirements need to be considered.



Shell Packing Flange



(rchannel Packing Flange



5.11.2 Pass Partition Grooves Pass partition gasket seating surfaces in bolted covers should have pass partition grooves whose depth is greater than or equal to the gasket thickness.



All nozzle and support loads, which are to be taken into consideration in the design of the exchanger, shall be included as part ofthe Design Specification. The Purchaser shall identify the nozzle and support loads and their combinations with the appropriate Service Limits as defined by Section III, Division 1 of the Code, or the appropriate Load Combination as defined by Section VIII, Division 2 ofthe Code. When nozzle and support loads are specified for Section VIII, Division 1 exchangers, the Manufacturer may use the yield strength as the stress limit for the various combinations and magnitudes of loadings.



Spherical Shell VI'V2 = Shear force in two orthogonal directions P =Axial force M 1, M2 = Bending moment in two orthogonal directions 14 = Torsional moment



5.13.3.1 Nozzle Loads



5.12 Packed Joints 5.12.1 Service Restrictions Packed joints shall not be used in exchangers containing radioactive, lethal, or flammable fluids. Exchangers designed using a packed floating tubesheet with a lantern ring shall only be used for water, steam, air, or lubricating oil services.



PACKED TUBESHEET WITH LANTERN RING Z



- Indicate machined surface, but not a particular surface finish.



V- - Indicate particular machined surface finish.



5.12.2 Design Restrictions Table 17 should be used as a guide for designing packed joints. The parameters in Table 17 may be modified when the number of packing rings is increased.



Figure 9 PACKED JOINT CONSTRUCTION REQUIREMENTS
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When the Purchaser requires a nozzle load analysis, it shall be his responsibility to specify the magnitude and direction of the forces and moments which act at the nozzle-to-shell juncture. These are shown in Figure 10. In addition to determining the stresses at the nozzle-to-shell juncture, the Manufacturer should consider the effect of the nozzle loads on the exchanger's gasketed joints and bellows-type expansion joints. The Purchaser may need to know the allowable forces and moments at the nozzle in order to determine the piping configuration and generate the actual loads. The determination of allowable nozzle loads is a complex problem involving the interaction of external forces and moments applied at the vessel wall. These loads are functions of the piping mechanical and thermal design.
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5.13.3.2 Procedure for Calculating Nozzle External Forces and Moments in Cylindrical Vessels



shall be performed. Numerous geometric and hydrodynamic factors play significant roles in initiating flow-induced vibration in tube bundles. A definitive analysis for actual heat exchangers remains intractable; hence, the analytical method given herein is presented as a tentative guideline and shall be used with due engineering judgment.



The procedure given in Appendix C permits estimating nozzle loads for cylindrical shells. The procedure is based in part on the design data included in Welding Research Council Bulletin 107!1). The allowable loads have been linearized to show the interaction between the maximum permitted external radial load and the maximum permitted applied moment vector. The procedure represents a simplification of the method of WRC 107, and users of the procedure included in these Standards are cautioned that more exact analysis is required to verify the adequacy of the final design. The stresses considered in developing the procedure have been defined as secondary stresses with stress limits established according to that definition. Although the effect of internal pressure has been included in the combined stresses, the effect of pressure on nozzle thrust has not been included and requires combination with other radial loads. Loads exceeding those calculated by the method in Appendix C usually require additional reinforcement. The Purchaser is cautioned that the higher allowable loads obtained through design modifications may require the strengthening of other parts, such as flanged joints, supports, supporting structures, and floors. It should be understood by the Purchaser that the exchangers are not intended to serve as anchor points for the piping and that every effort should be made to minimize the reactions to the exchanger nozzles.



5.14.1 Areas of Consideration



where Vact = Maximum cross flow gap velocity at the tube row under consideration, ftlsec Vcrjt = Critical velocity, ftlsec



5.14.4.1 Calculate Vaet



5.14.2 Tube Support Condition



5.14.4.2 Calculate



5.14.4 Method of Calculation NOTE: Other valid calculation methods may be used in lieu of this method.



All tubes should be considered fixed at the tubesheet and simply supported at the baffles. Where a U-bend support has been provided, the tubes should be assumed to be simply supported at that point (see Figure 11).



L



§



Ca = 3.56



FIXED



FIXED



'4



5.13.3.3 Support Analysis



§



The supports, including the anchor bolts, shall be designed to support the exchanger and resist all specified nozzle loadings, seismic forces, and all other specified external loads. When the Purchaser requires a seismic analysis, the floor response accelerations and the type of analysis (static or dynamic) shall be specified by the Purchaser. For exchangers where the primary natural frequency is calculated to be above 33 hertz, a static analysis is generally acceptable. When the natural frequency is calculated to be equal to or below 33 hertz, it is recommended that a dynamic analysis be performed. When a dynamic analysis is required, the Purchaser shall supply the Manufacturer with the floor response spectra or acceleration time history.
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L Cn = 2.45



FIXED
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SIMPLY SUPPORTED
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where Cn = Constant applicable to the method of support for the unsupported tube span under consideration as follows (see Figure 11): = 3.56 for both ends fixed = 2.45 for one end fixed, one end simply supported = 1.57 for both ends simply supported d = Outside diameter of the tube, in d~ = Inside diameter of the tube, in (see Appendix H or I) E = Modulus of elasticity, psi (see Appendix J) F = Axial force in tubes, tensile ( +), compressive (- ), lbf



9.0



SIMPLY SUPPORTED



/ 1/
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6.0



All heat exchangers should be reviewed for susceptibility to detrimental tube vibration and designed to ensure the adequacy of the tube bundle. When deemed necessary by the designer or required by the Design Specification, a vibration analysis



p = Density of the shell side fluid, Ibm/ft3



30; /



7.0
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Figure 11 METHODS OF SUPPORT FOR THE UNSUPPORTED TUBE SPAN UNDER CONSIDERATION



where B = Instability Constant from Figure 12 p = Tube pitch, in (see Figure 12) o = Logarithmic decrement of damping is a measure of the decay of vibration amplitude with time of a tube vibrating in a still fluid.
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8.0



SIMPLY SUPPORTED



5.14.4.3 Calculate Ven't



gFU



Tube Field Layout Angle



5.14 Tube Vibration
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Figure 12 INSTABILITY CONSTANTS FOR CRITICAL VELOCITY 20



Rotated Triangular
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Pitch Ratio, p/d o



Local Stresses in Spherical and Cylindrical Shells due to External Loadings, K.R. Wichman, A.G. Hopper and J.L. Mershon-Welding Research Council, Bulletin 1071 August, 1965-Revised Printing-March, 1979
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= Calculated natural frequency of the unsupported tube span under consideration using the applicable end fixity conditions (C ), l/sec g = a;avitational constant = 386 Ibm-inllbf-sec2 I = Moment of inertia, in4 (see Appendix H or I) = 1T(do4-dj 4)/64 K = 1.0 for straight portion of tubes = 0.866 for U-bend portion of tubes L = Unsupported tube span under consideration, in (for U-bends, L = the full developed length) m = Effective weight of the tube per unit length, Ibm/in =We+Wt+Ws We = Ibm/in of tube metal Wt = Ibm/in of fluid inside tube Ws = Ibm/in of shell side fluid displaced by the tube



The tube bundle should be designed so that the velocity at the tube span under consideration satisfies the following relationship:



The design of the entire tube bundle, especially those areas with high local velocities or long unsupported tube spans, should be reviewed for potential detrimental tube vibration. The U-bends and the inlet and outlet areas of the tube bundle, particularly in the vicinity of an impingement plate, should be analyzed. Although the flow at the central portion of the tube bundle may be more evenly distributed, this portion of the tube bundle should also be analyzed.
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5.14.3 Design Criteria
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6.0 HEAT EXCHANGER PROTECTION 6.1 Safety Requirements



V



The Code specifies a variety of measures for the protection of heat exchangers against over-pressure. The Purchaser shall install protective devices in the system to prevent thermal and mechanical transients from exceeding those conditions for which the heat exchanger is designed.



=



2(l44g~p)



kp



where V =Rupture flow velocity, ftJsec g = Gravitational Constant = 32.2 Ibm-Mbf-sec2 ~p =Net difference in the design pressures



6.2 Relief Valves 6.2.1 Specification



between the shell and tube sides, psi



Relief valves are normally beyond the scope of the heat exchanger Manufacturer's responsibility. Pressure and temperature relief requirements are most appropriately specified for the entire piping loop including the heat exchanger. However, should the Purchaser require independent relief valves specifically for the heat exchanger, it shall be so stated in the Design Specification including any special requirements.



p



=Density of the discharging fluid. Ibm/fV



k = Resistance coefficient . In the case where the shell side design pressure less than the tube side design pressure, the resistance coefficient is constant at 1.2. Use this and proceed to the last step. When the shell side design pressure is greater than the tube side design pressure, use a resistance coefficient of 0.44 as a first guess and proceed. IS



6.2.2 Installation Criteria The following recommendations are offered to assist in the proper location and installation of relief valves: (1) Valves should be installed vertically. (2) If two or more relief valves are attached to the same nozzle, the flow area of the nozzle should be at least equal to the combined flow area of the relief valve inlet connections. (3) The discharge piping connected to the reliefvalve exit should be equal or larger in diameter than the valve exit opening. There should be no intervening valves or obstructions in this line. (4) The discharge piping should be designed to minimize the stress of the valve body and the heat exchanger.



(ii) Using the calculated value of V from step (i) determine the following: ' ' Re



= 124dVp ~l



f



= 0.049(Re),02



k = 0.44+1.5(4f)+0.048 y4f where Re



= Reynolds number associated with the



V



= Rupture flow velocity, ftJsec



~



= Dynamic viscosity of discharging fluid, cP



discharging stream



= Friction Factor d = Nominal inside diameter of tube, in (see Appendix H or 1)



f



6.2.3 Design Criteria Conditions that should be considered in sizing the orifice area of the relief valves are given below:



(iii) Using the above calculated value of k, recalculate the flow velocity in step (i) and repeat the above procedure until the calculated value of k matches the assumed value.



(1) Thermal Expansion Relief: The relief valve should be designed to relieve the pressure caused by thermal expansion of the entrapped fluid when the isolation valves are closed. (2) Tube Rupture: Reliefvalve flow shall be based on the clean rupture of one exchanger tube resulting in two flow conduits.



(iv) l!sing the calculated flow velocity, calculate the reqUIred relief valve flow rate.



Q = 4.9Vd2



The flow velocity through each tube end can be estimated using an iterative procedure as outline below. The required relief valve flow rate is then determined using this velocity.



where



Q = Relief valve flow rate, gal/min For compressible fluids, the calculated velocity used for valve sizing shall not exceed sonic velocity.



(i) Calculate the flow velocity using the following equation:
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6.3 Cathodic Protection of Carbon Steel Channels



gas such as nitrogen, and then the space should be filled and pressurized with the gas to 5 to 10 psig. It is beneficial to provide a system to maintain and check the pressure during shipment and storage. See 6.6 for additional information.



For heat exchangers with carbon steel channels that use sea water or brackish water as the tube side cooling medium, cathodic protection of the carbon steel components exposed to the cooling water should be considered. The saline solution acts as an electrolyte so that galvanic corrosion of carbon steel internals, having a lower electrochemical potential than the nonferrous tubing, occurs. Even though the channel and cover may be protected by a coating, there is a danger that a pinhole or discontinuity in the coating may occur, exposing a small portion of the steel to the cooling water, in which case the rate of corrosion is especially high. Cathodic protection is most commonly provided by anodes made of zinc, magnesium, or some material having a relatively low electro potential with respect to carbon steel. These anodes act in a sacrificial capacity, thus sparing the carbon steel components from galvanic attack. These anodes are attached to the channel cover, if possible, with the size and quantity depending on the size of the unit. An alternative, but more costly, form of protection is the application of an impressed current system, where the potential of the carbon steel components is maintained within an acceptable range by means of an electrical current.



6.6 Protection During Shipment and Storage 6.6.1 Shipment Protection Externals of the exchanger most susceptible to in-transit damage, such as butt weld nozzle ends, nozzle flange gasket seating surfaces, etc., shall be properly protected. The unit shall be securely mounted on the transportation vehicle and fastened to eliminate shifting during shipment.



6.6.2 Storage Protection The Purchaser shall carefully adhere to an appropriate maintenance program during storage and installation. It is suggested that exchangers stored outdoors be kept in a fire resistant, weatherproof enclosure. The unit should be mounted on skids such that no part of the exchanger makes contact with the ground and should be kept in a welldrained area. Provision shall be made to allow air circulation around the exterior of the exchanger. All exposed surfaces of the heat exchanger shall be periodically examined and recoated by the Purchaser when necessary. Exchangers containing carbon steel internals or those subject to long-term outdoor storage should have a properly monitored moisture prevention program.



6.4 Shop Cleaning Internal surfaces of the exchanger should be cleaned to remove weld spatter, slag, burrs, loose scale, etc. The shell should be cleaned prior to bundle assembly. Baffles, tie rods, and spacers should be cleaned of loose dirt or oil, using solvent if necessary. The tubesheet should be cleaned with special attention to the tube holes. The holes may be cleaned by swabbing or blowing aspirated solvent through them, followed by wiping. The solvent may be acetone or alcohol of suitable volatility (to dry by evaporation after wiping). Halogenated solvents shall not be used for cleaning austenitic stainless steel surfaces. The external surface of the tubes, especially the tube segment to be expanded or welded to the tubesheet, should be carefully cleaned. When specified by the Purchaser, the interior of the tubes shall be cleaned by blowing solvent-soaked felt plugs through the tubes.



The requirements of inservice inspection as given in Section XI of the Code are responsibilities of the Owner. The Purchaser shall determine whether the details of the design are consistent with the Owner's inservice inspection program.



6.5 Corrosion Protection



6.8 External Surface Painting



An effort shall be made to remove the moisture from the internals of the exchanger after hydrostatic test. Hot air or other means of moisture removal may be used. Consideration should be given to using a rust inhibitor in the hydrostatic test fluid to reduce corrosion on carbon steel surfaces. It is recommended that exchangers with carbon steel internals be kept reasonably dry. An acceptable way to maintain dryness is by placing desiccants at suitable locations. A superior alternative is to thoroughly dry the exchanger internals utilizing the vacuum drying technique. The drying technique should be such that freezing of entrapped moisture does not occur. When the desired degree of dryness is achieved, the vacuum should be broken with a dry



The external surfaces, except machined surfaces, should be given a coat of shop primer for short-term protection during shipment and storage. Before applying a shop primer, the surfaces shall be prepared by hand and/or power tool cleaning. The external surfaces are to be free from loose scale and weld splatter, grease and oil, and other foreign material. All exposed machined surfaces shall be coated with an easily removable rust preventative.



6.6.3 Inert Gas Blankets Those exchangers using inert gas blanketing should be checked on receipt of the shipment and monitored periodically thereafter to ensure that proper blanket pressure is maintained. To avoid personal injury, heat exchangers utilizing inert gas blanketing should be relieved of pressure before, and remain vented during, the removal of nozzle and inspection covers.



6.7 Inservice Inspection
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7.0 SITE INSTALLATION, INSPECTION, MAINTENANCE, AND CLEANING 7.1 General



7.5 Cleaning



The Manufacturer's instructions, if provided, should be consulted in conjunction with the following subsections.



It is suggested that provisions be made so that heat exchangers can be cleaned periodically. The removal of foulants from the tube surfaces is required to maintain the thermal performance of the heat exchanger. The Purchaser shall select a cleaning method (mechanical, chemical, etc.) which is appropriate for the conditions of service and the configuration of the heat exchanger.



7.2 Installation Heat exchangers should be installed with sufficient clearance to allow convenient and proper maintenance of the units without disturbing adjacent equipment. Installation should be made so that it enables the use of cranes or hoists installed in the plant to service the exchangers. Ample space should be provided for the disassembly of removable parts, such as shells and channel covers, bundles, etc., and for the retightening of all bolted joints. Similarly, for exchangers with welded joints, space should be provided to permit disassembly and rewelding of all joints. Shipping brackets restraining bellows expansion joints shall be removed or disconnected after the heat exchanger is installed.



7.9 Spare Parts and Special Tools The following list oftypical spare parts and special tools should be considered by the purchaser ofheater exchangers. The specific parts and quantities should be listed in the specifications. In the preparation of the specification the purchaser should consider pre-operational and post-operational spares.



7.9.1 Spare Parts The recommended spare parts for heat exchangers are listed below:



Spare Parts



Typical Quantity



Comments



Tube Plugs



10% of tube holes



To include special welding supplies if welded plugs are used.



10% of sets



A set implies a bolt and nut.



2 Sets



This set should include gaskets for pass partition cover (if required). NOTE: Proper storage procedures must be observed since some gasket materials can deteriorate in a short time if improperly stored.



7.6 Initial Startup Precautions The bolts should be retightened shortly after the heat exchanger has been put in service for the first time. It is important that all bolted joints be tightened uniformly and in a diametrically staggered pattern as illustrated in Figure 13; however, the instructions of the Manufacturer should be followed for special closures and spiral wound gaskets. Periodic checks should be made during the first six months of operation to ensure that all bolted joints remain tight. When major bolted connections are insulated, it is recommended that this insulation be removable in order to facilitate periodic retightening as described in Figure 13. Retightening of bolts and periodic verification of bolt torque should only be done when the vessel is not pressurized. Refer to the Manufacturer's instruction manual for additional precautions and specific operating procedures.



7.3 Installation and Operation Under Freezing Conditions The Purchaser shall provide and maintain proper protection to prevent freezing of the equipment before, during, and after installation. Heat exchangers that are not in service and exposed to freezing conditions shall be drained or otherwise protected to prevent damage from freezing. Experience has shown that tubes in a horizontal position may not drain sufficiently by gravity alone to preclude freezing damage.



7.7 Startup and Shutdown of Fixed Tubesheet Exchangers Fluids should be introduced in such a manner to minimize differential expansion between the shell and tubes.



7.4 Inspection Heat exchangers shall be inspected periodically for any evidence of corrosion or other abnormal conditions, such as tube leaks, etc., that may affect the performance and the life of the equipment (see 6.7).



7.8 Alterations and Repairs It is recommended that any alterations or repairs be made in accordance with the Manufacturer's procedures and direction and with the approval of the Authorized Inspection Agency having jurisdiction at the plant, as applicable. Plans should be reviewed with the local Authorized Inspection Agency prior to the work.



START



Bolting: Manway Cover, Channel Cover, or Pass Partition Cover (if required) Gaskets



As recommended by the accessory manufacturer.



Accessories (when supplied by the heat exchanger manufacturer). Pass Partition Nuts



1 Set



7.9.2 Special Tools The recommended special tools for heater exchangers are listed below:



Special Tools



Typical Quantity



Comments



Tube Expanders



1 set roller expanders for each tube diameter and gage



Drivers optional Spare rolls optional



Method of Tightening Bolted Joint. (l) Tighten all bolts hand tight. (2) Tighten bolts, one flat at a time in pattern shown. (3) Continue until joint is tight.



Figure 13 BOLT TIGHTENING SEQUENCE 24
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APPENDIX A



A3.0



Heat Balance



HEAT TRANSFER EQUATIONS Al.O



Basic Heat Transfer Relation Q = VAo [MTD]



(3) Cpcl (t. - t)]



,,------A-----.



+



where



Q



=Heat exchanger duty, Btu/hr = Overall heat transfer coefficient, Btu/hr-ft2-oF (external surface)



V Ao = Effective external surface, ft2 MTD = Mean temperature difference, OF



A2.0 Determination of Overall Heat Transfer Coefficient A2.1 Overall Heat Transfer Coefficient The overall heat transfer coefficient, V, including fouling, shall be calculated as follows: 1



where



Q Tl'T2 tl' t 2 Ts' t s W h, We Cphv' Cpcv Cphl' Cpcl Ah, Ae



= Total heat exchanger duty, Btu/hr = Hot fluid inlet, outlet temperature, OF = = = = =



Cold fluid inlet, outlet temperature, OF Hot fluid, cold fluid saturation temperature, ° F Hot fluid, cold fluid mass flow rate, lbm/hr Hot fluid, cold fluid vapor mean heat capacity, Btu/lbm-oF Hot fluid, cold fluid liquid mean capacity, Btu/lbm-oF Hot fluid, cold fluid latent heat of vaporization, Btu/lbm



Note: Term (1) applies when fluid is in superheated region. Term (2) applies when fluid changes state. Term (3 ) applies when fluid is in subcooled region. where V = Overall heat transfer coefficient (fouled), Btu/hr-ft2-oF (external surface) h o = Film coefficient of fluid outside of tubes, Btu/hr-ft2-OF (external surface) hi = Film coefficient of fluid inside of tubes, Btu/hr-ft2-OF (internal surface) r o = Fouling resistance on outside of tubes, hr-ft2-OFlBtu (external surface) r. = Fouling resistance on inside of tubes, hr-ft2-OFlBtu (internal surface) r w = Resistance of tube wall referred to outside surface, including extended surface, if present, hr-ft2-OFlBtu (external surface) Ao = Effective external surface, ft2 Ai = Effective internal surface, ft2 E f = Fin efficiency (equals one for bare tubes and less than one for finned tubes)



For partial condensation or vaporization, the appropriate latent heat is multiplied by the fluid fraction which changes state.



I



A2.2 Tube Wall Resistance A2.2.1 Bare Tubes



A2.2.2 Integral Circumferentially Finned Tubes rw



t = 12k



[do + 2Nz (do + z)] (do - t)



where do= O.D. of bare tube or root diameter of fin, in z = Fin height, in t = Tube wall thickness, in N = Number of fins per inch k = Tube wall thermal conductivity, Btu-ftlhr-ft2-oF
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B3.0



APPENDIXB



LMTD CORRECTION FACTORS AND TEMPERATURE EFFICIENCIES BLO



Logarithmic Mean Temperature Difference Blo1 Parallel Flow



LMTD



Temperature Efficiency The outlet temperatures T z and t z may be calculated as follows: t z = t l + P [TI - t I ] T z = TI-R [tZ-t I] P, the temperature efficiency, is a function ofR and NTU and can be obtained from Figures B-10 thru B-12, as applicable. R = T1-Tz = WeCpe tz - t l WhC ph



=



NTU =



UAo



WC e pe



where Blo2 True Counterflow



Tp T z t p tz Wh , We



LMTD =



Cph' Cpc where LMTD TI , T z



= Logarithmic mean temperature difference, OF = Hot fluid inlet, outlet temperature, OF



= Cold fluid inlet, outlet temperature, OF



t p tz



B2.0



U Ao NTU



= Hot fluid inlet, outlet temperature, of = Cold fluid inlet, outlet temperature, OF = Hot fluid, cold fluid mass flow rate, lbm/hr = Hot fluid, cold fluid heat capacity, Btullbm - of = Overall heat transfer coefficient (fouled), Btu/hr-ftz - OF (external surface) = Effective external surface, ftz = Number of Transfer Units



When R is greater than 1.0, it may be difficult reading NTU values off of Figures B-10 thru B-12. If this is the case, R, NTU, t z' and T z may be recalculated using Wh , C h' and T I interchanged with We' Cpe' and t p respectively. p



LMTD Correction Factors [MTD] = [LMTD] F F, the correction factor to adjust for deviation from true counterflow, is a function of Rand P and can be obtained from Figures B-1 thru B-9, as applicable. MTD LMTD R =



P =



= Mean temperature difference, OF



= Logarithmic mean temperature difference for true counterflow, OF



T I -Tz tz - t l



tz - t l TI



-



tl



When using Figures B-1 thru B-5, TI , T z = Hot fluid inlet, outlet temperature, OF t p tz = Cold fluid inlet, outlet temperature, OF ~en IS



R is greater than 1.0, it may be difficult reading F values off of Figures B-1 thru B-5. If this the case, Rand P may be recalculated using T I and T z interchanged with t} and t z' respectively.



When using Figures B-6 thru B-9, Tp T z = Shell side inlet, outlet temperature, OF t p tz = Tube side inlet, outlet temperature, of In these cases, the temperatures are not interchangeable.
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