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OPERATION, INSTALLATION, 

AND MAINTENANCE 
INSTRUCTIONS FOR 

KOMAX DESUPERHEATER ™ 

 
 

APPLICATION BULLETIN NO. DS01 

 

 

KOMAX SYSTEMS, INC. 
P.O. Box 1323 
Wilmington, CA 90748 
 
Phone: (310) 830-4320 
 (800) 826-0760 
Fax: (310) 830-9826 
 
Info@komax.com 
www.komax.com 
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K O M A X  D E S U P E R H E A T E R  
 

KOMAX SYSTEMS, INC. ·  (310) 830-4230 / (800) 826-0760 ·  Fax (310) 830-9826 ·  INFO@KOMAX.com ·  www.komax.com 

WARNING notices as used in this manual apply to hazards or unsafe practices, which could result in 
personal injury or death. 
 
CAUTION notices apply to hazards or unsafe practices which could result in minor personal injury or 
property damage. 
 
NOTES highlight procedures and contain information which assists the operator in understanding the 
information contained in this manual. 

 
 

WARNING 
 

Do not install, maintain, or operate this equipment without reading, understanding and following the 
proper Komax Systems, Inc. instructions. Otherwise, injury or damage or both may result. 

 

 
 

NOTICE 
 

The information contained in this document is subject to change without notice. 

 

KOMAX Systems, Inc., its employees, agents, and the authors of and contributors to this document 
specifically disclaim all liabilities and warranties, express and implied (including warranties of 
merchantability and fitness for a particular purpose), for the accuracy, currency, completeness, and/or 
reliability of the information contained herein and/or for the fitness for any particular use and/or for the 
performance of any material and/or equipment selected in whole or part with the user of/or in reliance 
upon information contained herein. Selection of materials and/or equipment is at the sole risk of the 
user of this publication. 
 
This document contains proprietary information. No part of this document may be photocopied or reproduced 
without the prior written consent of Komax Systems, Inc. 

 

 

 

 

 

 

Komax Systems, Inc. 
P.O. Box 1323 
Wilmington, CA 90748 
 
Phone: (310) 830-4230 
Fax: (310) 830-9826 
 
Normal business hours:  7:00 a.m. to 4:00 p.m. PST Monday through Friday 
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K O M A X  D E S U P E R H E A T E R  
 

KOMAX SYSTEMS, INC. ·  (310) 830-4230 / (800) 826-0760 ·  Fax (310) 830-9826 ·  INFO@KOMAX.com ·  www.komax.com 

Safety Precautions 
 
Please read the entire manual before attempting to unpack, set up or operate this product. Pay careful 
attention to all warnings, cautions and notes.  Failure to do so could result in serious personal injury or 
equipment damage. 

Use of Hazard Information 
If multiple hazards exist, the signal word corresponding to the greatest hazard shall be used. 

 

 

Indicates an imminently hazardous situation, which if not avoided, will result in death or serious injury. 

 

Indicates a potentially hazardous situation, which if not avoided, could result in death or serious injury. 

 

Indicates a potentially hazardous situation, which if not avoided, may result in minor or moderate injury. 

 

CAUTION used without the safety alert symbol indicates a potentially hazardous situation, which if not avoided, 
may result in property damage. 

 

NOTE:  Information that requires special emphasis 

SHALL:  This word understood to be mandatory 

SHOULD:  This word understood to be advisory 

 

 

 

                                                                             12



K O M A X  D E S U P E R H E A T E R  
 

KOMAX SYSTEMS, INC. ·  (310) 830-4230 / (800) 826-0760 ·  Fax (310) 830-9826 ·  INFO@KOMAX.com ·  www.komax.com 

 

It is solely the responsibility of the user, through its own analysis and testing, to select products suitable for 
their specific application requirements, ensure they are properly installed, ensure that they are safely applied, 
ensure they are properly maintained, and limit their use to their intended purpose. 

Improper selection, installation, or use can cause personal injury or property damage. 

Komax does not warrant against erosion and corrosion. Komax makes no claims regarding suitability for 
specific use, and provides no warrantee regarding material compatibility of elastomers in specific services. 

 

Hot Surfaces!  This equipment may have very hot surfaces.  If an operator contacts a hot surface, injury may 
occur.  Use protective clothing to prevent injury.  If other equipment comes in contact with a hot surface, 
damage to the equipment may occur.  Ensure the area around this equipment is kept clear to prevent damage 
from occurring. 

 

High Pressures!  This equipment may contain fluids at very high pressures.  Prior to installing, removing or 
maintaining this equipment, ensure that the equipment is isolated from all connecting piping, the equipment is 
de-pressurized, the contents have been drained and the equipment is cool. 

 

Freezing Temperatures!  This equipment may have very cold surfaces.  If an operator contacts a cold surface, 
injury may occur.  Use protective clothing to prevent injury.  If other equipment comes in contact with a cold 
surface, damage to the equipment may occur.  Ensure the area around this equipment is kept clear to prevent 
this damage from occurring. 

 

Freezing of fluids in this equipment can lead to rupture and failure.  Take precautions to avoid freezing, such as 
draining the equipment when out of service or locating the equipment in an environment protected from 
temperatures below the freeze point of the fluids used. 

 

Cavitation can cause damage and failure of the equipment.  Cavitation results whenever localized boiling 
occurs on the surface of a coil.  Vapor bubbles form on the coil surface and are swept into the main stream of 
the fluid where they immediately condense and collapse.  The collapsing bubbles generate severe shock waves 
(i.e. vibrations) which can fatigue and ultimately fracture the tube(s). 
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K O M A X  D E S U P E R H E A T E R  
 

KOMAX SYSTEMS, INC. ·  (310) 830-4230 / (800) 826-0760 ·  Fax (310) 830-9826 ·  INFO@KOMAX.com ·  www.komax.com 

 

Incompatible fluid chemistry can cause corrosion and/or erosion and eventual failure of this equipment.  
Corrosion and failure can also occur when the equipment is installed in an environment incompatible with the 
materials of construction of this equipment. It is the responsibility of the Owner or the Owner’s Agent to ensure 
the materials of construction of the equipment are suitable for the fluid chemistry and environment where the 
equipment is to be used. 

 

Water containing carbonates, rust, silt, organic matter or other contaminants can cause fouling, scaling and/or 
plugging and eventual failure of the equipment. 

 

To ensure the safety of the operator and the performance of this equipment is not impaired, this equipment 
must not be installed or used in any manner other than that which is specified in this manual. 

 

Prior to installing, removing or maintaining this equipment, ensure that the equipment is isolated from all 
connecting piping, the equipment is de-pressurized, the contents have been drained and the equipment is cool. 

 

Damage to the equipment may occur if a relief valve is omitted. 
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K O M A X  D E S U P E R H E A T E R  
 

KOMAX SYSTEMS, INC. ·  (310) 830-4230 / (800) 826-0760 ·  Fax (310) 830-9826 ·  INFO@KOMAX.com ·  www.komax.com 

Desuperheating 
Steam is usually produced in a superheated condition for distribution to equipment.  A good example of such 
equipment would be a tube and shell heat exchanger.  For the high heat transfer coefficient of a condensing 
vapor to be made available, most of this superheat must now be removed - hence the need for 
desuperheating. 

The most direct and efficient way to desuperheat steam is by water contact with the steam.  This contact 
must occur in a short length so that a temperature-sensing device placed downstream of the desuperheater 
will reflect the true condition of the steam when all the enthalpy of the water has been exchanged to reduce 
the steam temperature. 

The contacting process involves two considerations.  First, the water must be broken up into many tiny 
droplets.  An appropriate design of spray nozzle is usually used.   Second, these tiny water droplets must be 
contacted with the steam over the entire cross section of the main steam pipe cross section. 

Many conventional desuperheaters employ a nozzle that sprays water downstream in the steam pipe.  The 
high steam velocity tends to fold and coalesce the water spray droplets, and this reduces contacting 
efficiency.  Special techniques using ancillary inputs of steam or air to the nozzle can produce a stiffer spray 
pattern, but erosion problems can now develop due to the high velocity of wet steam. 

 

Komax desuperheaters are unique because a spray nozzle directs a water spray upstream into the steam 
flow.  The steam flow reduces the axial velocity of the spray to zero and then reverses as it flows with the 

steam through a special mixing unit called an Equalizer.  This patented module 
consists of six helical mixing elements nested about the axis of the structure.  The 
combination of steam and water mist is split 12 ways and caused to exit the 
Equalizer in the form of six streams, each rotating violently in the same direction.  
This produces multiple impingement regions at the immediate exit of the module.  
Contacting and mixing of water mist and steam occur in a very short mixing length, 
and flow of excess water into the condensate trap is reduced. 

Steam / Water Impingement 
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K O M A X  D E S U P E R H E A T E R  
 

KOMAX SYSTEMS, INC. ·  (310) 830-4230 / (800) 826-0760 ·  Fax (310) 830-9826 ·  INFO@KOMAX.com ·  www.komax.com 

Rangability 
The design of the water nozzle is key to achieving good rangability characteristics for the overall 

esuperheating system.  The pressure applied to the nozzle must be higher than the steam pressure by d
some amount dP.  A simple fixed nozzl  pressure drop dP given by: 
 

increases by a factor of 3.2.  Clearly, this is highly restrictive to the goal of achieving good 

e 

 prone 

 
er optimized with specific 

ion / process specifications. 

Pressure drop in a Komax desuperhea

siaD4 psi 

     

Example: 

hen pressure drop = 0.00082 x 35002/65 x 84 = 0.03psi 

e has a flow rate Q versus

Q = a constant x (dP)0.5 
 

This means that if the pressure applied to the nozzle changes by a factor of 10, the flow through the 
ozzle only n

rangability. 
 
The Komax desuperheater does not rely solely on the initial atomization of the injected water to 
evaporate it into the superheated flow.  We instead design the system to assure uniform dispersion and 
moderate atomization in a counter flow direction.  The cone-shaped water spray is then reversed by th
steam's momentum and driven through our equalizer module mixing apparatus.  This is where the 
droplet size is minimized and then collided with superheated steam.  As a result of this approach, low 
pressure water delivery systems may be used reducing cost and energy consumption.  We generally 

quire a 30psi differential in the water pressure over the steam.  The low pressure nozzle is notre
to scaling or wear and as a result delivers exceptionally long consistent performance. 
 
Rangability of the Komax desuperheater is limited only by the level of control possible in the water 
supply control loop.  We do require a minimum of 50 ft/sec in the steam flow at actual conditions to

ssure good dispersion and mass transfer.  This parameter can be furtha
installat
 

Pressure Drop 
ter is estimated by: 

dP = 8.32 x 10-4 M2 /p

where        

 

 

T

 

 

 

M = stem flow rate in lb/hr 
 operating pressurepsia = absolute  

D = pipe inside diameter in inches

Steam pressure = 50 
Steam flow rate = 3,500 lb/hr 

psig = 65psia 

Pipe size = 8 inches 
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K O M A X  D E S U P E R H E A T E R  
 

KOMAX SYSTEMS, INC. ·  (310) 830-4230 / (800) 826-0760 ·  Fax (310) 830-9826 ·  INFO@KOMAX.com ·  www.komax.com 

Water Flow Rate Requ
The wa te re ire e calculated from: 

where   

 move up to the graph line and identify the saturation 
temperature as 400°F.  Then superheat = 600 - 400 = 200°F.  Move up to the 200° superheat curve 
and read the water flow rate as 2.8gpm for 10,000 lb/hr of steam.  Then water flow rate required for 
25,000 lb/hr = 2.5 x 2.8 = 5.6gpm. 
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Q = 0.002Ms(E1 - E2) / (E2 - Ew) gpm 

 

 

The graph below can simplify calculations.  It is based on a steam flow rate of 10,000 lb/hr and a water 
temperature of 70°F. 

Example:  Steam enters at a flow rate of 25,000 lb/hr, a temperature of 600°F, and a pressure of 
235psig - 250psia.  What is the superheat and what is the water flow rate required to reduce the 
superheat to zero? 

Enter at the steam pressure value of 250psia and

1.0 50

0.9

0.8

0.7

0.6

0.5

0.4

1000

900

800

700

600

500

400

300

200

100

10 20 30 40 50 60 70 80 90 10
0

20
0

30
0

40
0

50
0

60
0

70
0

80
0

90
0

10
00

W
A

TE
R

 F
LO

W
 R

A
TE

SA
TU

R
A

TI
O

N
 T

EM
PE

R
A

TU
R

E 
°F

PRESSURE, PSIA  

 
 

M  = Steam flow rate in pounds per s hour 
E1 = Enthalpy of superheated steam in BTU/pound 

w

E2 = Enthalpy of desuperheated steam 
E  = Enthalpy of added water 
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K O M A X  D E S U P E R H E A T E R  
 

KOMAX SYSTEMS, INC. ·  (310) 830-4230 / (800) 826-0760 ·  Fax (310) 830-9826 ·  INFO@KOMAX.com ·  www.komax.com 

Notes On Flanges 
As a general rule, metal mixers have raised face flanges. P.V.C. mixers and FRP mixers on the other 
hand have flat face flanges. It is poor engineering practice to bolt a raised face flange directly to a flat 
face flange since dangerous stresses will be placed on the flat face. If, however, installation conditions 
dictate the joining of a flat to a raised face flange, an appropriate washer must be used to eliminate the 
stress produced by the raised face. 

 
 
 

 

 of element retainer disks are treated as raised f
nge forces are from the spool raised

 
Note that units configured with a pair ace units. 
Although the retainer disk is flat, the flange to fla  face to mating 
flange raised face. 
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KOMAX SYSTEMS, INC. ·  (310) 830-4230 / (800) 826-0760 ·  Fax (310) 830-9826 ·  INFO@KOMAX.com ·  www.komax.com 

Torque Procedure 

         
 

TORQUE SEQUENCE 
FOR 16 BOLT FLANGES 

TORQUE SEQUENCE 
FOR 20 BOLT FLANGES 

SEQUENTIAL 
ORDER 

 

ROTATIONAL 
ORDER 

 

SEQUENTIAL 
ORDER 

ROTATIONAL 
ORDER 

 
1-2 1 1-2 1 
3-4 9 3-4 13 
5-6 5 5-6 5 
7-8 13 7-8 17 
9-10 3 9-10 9 
11-12 11 11-12 3 
13-14 7 13-14 15 
15-16 15 15-16 7 

 2 17-18 19 
 10 19-20 11 
 6  2 
 14  14 
 4  6 
 12  18 
 8  10 
 16  4 
   16 
   8 
   20 
   12 
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KOMAX SYSTEMS, INC. ·  (310) 830-4230 / (800) 826-0760 ·  Fax (310) 830-9826 ·  INFO@KOMAX.com ·  www.komax.com 

Torque Procedure 

 

  
TORQUE SEQUENCE 

FOR 8  BOLT FLANGES 
TORQUE SEQUENCE 

FOR 12  BOLT FLANGES 
SEQUENTIAL 

ORDER 
 

ROTATIONAL 
ORDER 

 

SEQUENTIAL 
ORDER 

 

ROTATIONAL 
ORDER 

 
1-2 1 1-2 1 
3-4 5 3-4 5 
5-6 3 5-6 9 
7-8 7 7-8 3 

 2 9-10 7 
 6 11-12 11 
 4  2 
 8  6 
   10 
   4 
   8 
   12 

 

Installation 
Please see the Komax certified engineering drawings for dimensions, installation details and marking 
for each Komax desuperheater by Serial No./Tag No., which supersede these general instructions. 

Main steam system piping 
1. Minimum straight pipe downstream: The Komax desuperheater requires a minimum of 10 pipe 

diameters of straight pipe from the valve installation to the first bend downstream 

2. Minimum straight pipe upstream: The Komax desuperheater requires a minimum of 3 diameters of 
straight pipe upstream 

3. Avoid using “T” fittings between the desuperheater and the downstream temperature sensor. 

4. Minimum distance to the downstream temperature sensor is 3 pipe diameter. 
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KOMAX SYSTEMS, INC. ·  (310) 830-4230 / (800) 826-0760 ·  Fax (310) 830-9826 ·  INFO@KOMAX.com ·  www.komax.com 

5. The temperature sensor should be mounted in accordance with manufacturer’s recommendation.  
The sensor should not be mounted in an elbow or pipe bend. 

6. Desuperheater applications requiring multiple desuperheaters in the same steam line should split 
range the instrument signal with the downstream desuperheater opening first. 

Cooling water supply and connection 
1. The cooling water should be clean, filtered condensate of boiler feed water. 

2. Komax recommends that the cooling water line include a shut-off valve and a strainer with .020” 
[0.5mm] perforation, or equal mesh, sized for the flow rate requirements. 

3. The water pressure at the inlet to the desuperheater should be per the Komax certified Outline & 
Mounting Configuration drawing. 

4. The water flange connection has a specific orientation to the direction of water spray.  The water 
spray direction must be in the same direction as the steam flow. 

Water Line Connection 
Clean and flush the cooling water line prior to connecting to the desuperheater water flange.  Connect 
the water line to the flange. 

Operating Controls 
The desuperheating station instrument control loop should include an indicating temperature controller, 
a temperature transmitter, temperature sensor, and temperature thermo well. 

If steam pressure varies significantly and reducing temperature down close to saturation is important 
then a self-compensating cascade pressure loop can be added to vary the temperature set point to 
assure control close to saturation temperature. 

Maintenance 
Review the Komax certified installation drawing, which gives the sizing and conditions specified for the 
desuperheating valve. 

The desuperheater’s ability to maintain temperature control over its range of temperature and pressure 
is proof of proper performance.  Clean desuperheating fluid, specified pressures and proper packing 
gland adjustment will assure long life. 

Yearly checks of performance should be evaluated.  Komax recommends a maintenance inspection 
every three years. 

Operational Evaluation 
1. The desuperheater should run trouble free, excluding control component failure or mis-adjustment. 

2. Review the current operation conditions: pressure, temperatures and flows and compare to those 
specified on the certified sizing sheet. 

3. Defer to controls interaction for control system debugging. 
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KOMAX SYSTEMS, INC. ·  (310) 830-4230 / (800) 826-0760 ·  Fax (310) 830-9826 ·  INFO@KOMAX.com ·  www.komax.com 

Ordering Parts 
There is a Komax data plate located on the desuperheater body.  Please provide the Komax model 
number when ordering parts.  Control system components should be sourced from their respective 
manufacturers.  On hand for routine inspection – Stem packing set, stem guide bushing, stem/piston 
ring assembly, seal, and gasket. 

Spare nozzle: 1 on hand                    
Gaskets: 1 set on hand 

Unpacking, Preparation and Storage 
Upon receipt of the valve, inspect valve and shipping container for transit damage such as a broken 
crate, broken yoke, bent valve stem or broken accessories.  Check: documentation, nameplate, tag 
plate (if applicable), instruction manuals… etc.  Locate any spare parts purchased and included in the 
shipment. 

Use the shipping container for temporary protection.  Leave protective covers in place until ready to 
proceed with inspection and installation.  Store the valve in a clean, dry location.  If outdoor storage is 
unavoidable, support the valve off the ground or pavement and provide a waterproof covering. 

Lift the valve by means of straps around valve body and inlet flange.  Do Not use the actuator as the 
sole location to attach lifting straps. 

Long Term Storage 
Use a dry heated inside storage area.  Remove the valve stem packing.  Make sure valve is dry and 
free from moisture.  Apply cosmoline-type protective grease to the flange face, packing stuffing box and 
valve stem. 

Preparation for Installation 
Remove all paper, tape and packing materials, and all foreign materials.  Transport carefully to the 
installation site.  Remove valve protective covers and install the valve in the system. 
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KOMAX SYSTEMS, INC
WILMINGTON, CA

ASME/ANSI B31.3 PIPE SPOOL CALCULATION
FOR KOMAX MIXER MODEL GLC-55789

Sht 1 of 6
10/28/09

MIN DESIGN METAL TEMP = MDMT 20− degF⋅:= MDMT = -29 degC

SERVICE: NON-LEATHAL NORMAL FLUID

EXTERNAL LOADS: NONE OR NEGLIGIBLE

THERMAL LOADS: NONE OR NEGLIGIBLE

CYCLIC LOADS: NONE OR NEGLIGIBLE

CORROSION ALLOWANCES = c 0.0625 in⋅:= c 1.6 mm=

MATERIALS: [TBL A-1] PIPE: ASTM A-106 Gr B SEAMLESS
FLANGES: ASTM A-105, ASME B16.5
ALL ABOVE ARE P-1 MATERIALS PER TBL A-1

POSTWELD HEAT TREATMENT: NONE, EXEMPT PER TABLE 331.1.1 FOR P-1 MATERIALS NOT
EXCEEDING 3/4" THICKNESS

IMPACT TESTS: NONE.  MATERIALS ARE EXEMPT FROM ADDITION IMPACT TESTS
PER TABLES A-1 & 323.2.2, BASED UPON THICKNESS & MDMT.

NDE: VISUAL EXAMINATION PER 341.4.1(a) & IN-PROCESS 344.2 VISUAL
EXAMINATION OF ALL WELDS PER 344.7.1.
NO UT OR RT REQ'D (SEE 341.4.1(b))

ITEM: KOMAX MODEL NO. GLC-55789, 12" FLANGED PIPE SPOOL

CODE: ASME B31.3-2006

JOB NO: 25086-09

CUSTOMER: JOHNSON CONTROLS, INC.

REFERENCE: KOMAX DRAWING 33687

DESCRIPTION:

12" NPS FLANGED PIPE SPOOL ASSEMBLY PER DETAILS SHOWN ON REFERENCE DRAWINGS. THE
SPOOL ASSEMBLY CONSISTS OF A 12" NPS SCH 40 RUN PIPE W/ASME B16.5 CLASS 150 RFWN
FLANGE AT EACH END, & A 2" NPS SCH 40 BRANCH PIPE W/ASME B16.5 CLASS 150 RFWN FLANGE.

DESIGN DATA

INTERNAL PRESSURE RATING = MAWP 200 psi⋅:= MAWP 1379 kPa=

HYDROSTATIC HEAD = INCLUDED IN MAWP

INTERNAL DESIGN PRESSURE = P MAWP:= P 200 psi= P 1379 kPa=

EXTERNAL PRESSURE RATING = PEXT 0 psi⋅:=

DESIGN TEMPERATURE = T 250 degF⋅:= T = 121 degC

By: J.A.Ganey File: 0929_B31-3_GLC55789_33687.mcd
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KOMAX SYSTEMS, INC
WILMINGTON, CA

ASME/ANSI B31.3 PIPE SPOOL CALCULATION
FOR KOMAX MIXER MODEL GLC-55789

Sht 2 of 6
10/28/09

Wr 1.00:= [302.3.6(e)]

Yr 0.4:= [ TBL 304.1.1 ]
Dr

6
2.125 in= > Tr 0.355 in=

Dr

6
54mm= > Tr 9.02 mm=

REQUIRED THICKNESS FOR 
INTERNAL PRESSURE PER 304.1.2 = tr

P Dr⋅

2 Srd Ejr⋅ Wr⋅ P Yr⋅+( )⋅
:= tr 0.063 in= tr 1.61 mm=

tr c+ 0.126 in= < Tr 0.355 in= OK

tr c+ 3.2 mm= < Tr 9.02 mm= OK

ALLOWABLE PRESSURE = Pallow
2 Tr c−( )⋅ Srd Ejr⋅ Wr⋅ P Yr⋅+( )⋅

Dr
:=

Pallow 922 psi= > P 200 psi=

Pallow 6358 kPa= > P 1379 kPa=

THE SPECIFIED PIPE IS ADEQUATE FOR THE INTERNAL DESIGN PRESSURE.

REQUIRED WALL THICKNESS OF RUN PIPE  [ 304.1 ]

PIPE = 12" NPS SCH 40 PIPE MATERIAL = ASTM A-106 Gr B SMLS PIPE

PIPE OD = Dr 12.75 in⋅:= Dr 324 mm=

CORROSION ALLOWANCE = c 0.0625 in= c 1.6 mm=

DESIGN PRESSURE = P 200 psi= P 1379 kPa=

CODE ALLOWABLE STRESSES PER TBL A-1: Srd 20000 psi⋅:= @ T 250 degF=

Srd 137895 kPa= @ T = 38 degC

PIPE NOMINAL WALL THICKNESS = Tr_nom 0.406 in⋅:= Tr_nom 10.31mm=

PIPE MATERIAL SPECIFICATION ALLOWS 12.5% UNDER-TOLERANCE ON NOMINAL WALL THICKNESS. 

PIPE MINIMUM WALL THICKNESS = Tr 0.875 Tr_nom⋅:= Tr 0.355 in= Tr 9.02 mm=

LONGITUDINAL JOINT QUALITY FACTOR = Ejr 1.00:= [PER TBL A-1B] 

WELD JOINT STRENGTH REDUCTION FACTOR =

By: J.A.Ganey File: 0929_B31-3_GLC55789_33687.mcd
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KOMAX SYSTEMS, INC
WILMINGTON, CA

ASME/ANSI B31.3 PIPE SPOOL CALCULATION
FOR KOMAX MIXER MODEL GLC-55789

Sht 3 of 6
10/28/09

P 200 psi=>Pallow 1222 psi=

Pallow
2 Tb c−( )⋅ Sbd Ejb⋅ Wb⋅ P Yb⋅+( )⋅

Db
:=ALLOWABLE PRESSURE =

OKTb 3.42 mm=<tb c+ 1.89 mm=

OKTb 0.135 in=<tb c+ 0.074 in=

tb 0.30 mm=tb 0.012 in=tb
P Db⋅

2 Sbd Ejb⋅ Wb⋅ P Yb⋅+( )⋅
:=

REQUIRED THICKNESS FOR 
INTERNAL PRESSURE PER 304.1.2 =

Tb 3.42 mm=>

OKCLASS 150 FLANGE PRESSURE RATING EXCEEDS DESIGN PRESSURE.

P 1379 kPa=>T = 38 degC@ Pd_flg 1689 kPa=

P 200 psi=>T 250 degF=@ Pd_flg 245 psi⋅:=

ALLOWABLE WORKING PRESSURE FOR CLASS 150 FLANGES:

MATERIAL = ASTM A-105

ASME B16.5 FLANGE PRESSURE RATING

THE SPECIFIED PIPE IS ADEQUATE FOR THE INTERNAL DESIGN PRESSURE.

P 1379 kPa=>Pallow 8423 kPa=

T = 38 degC@Sbd 137895kPa=

T 250 degF=@Sbd 20000 psi⋅:=CODE ALLOWABLE STRESSES PER TBL A-1:

P 1379 kPa=P 200 psi=DESIGN PRESSURE =

c 1.6 mm=c 0.0625 in=CORROSION ALLOWANCE =

Db 60mm=Db 2.375 in⋅:=PIPE OD =

MATERIAL = ASTM A-106 Gr B SMLS PIPEPIPE = 2" NPS SCH 40 PIPE

REQUIRED WALL THICKNESS OF BRANCH PIPE  [ 304.1 ]

Db

6
10.1 mm=Tb 0.135 in=>

Db

6
0.396 in=[ TBL 304.1.1 ]Yb 0.4:=

[302.3.5(e)]Wb 1.00:=WELD JOINT STRENGTH REDUCTION FACTOR =

[PER TBL A-1B] Ejb 1.00:=LONGITUDINAL JOINT QUALITY FACTOR =

Tb 3.42 mm=Tb 0.135 in=Tb 0.875 Tb_nom⋅:=PIPE MINIMUM WALL THICKNESS =

PIPE MATERIAL SPECIFICATION ALLOWS 12.5% UNDER-TOLERANCE ON NOMINAL WALL THICKNESS. 

Tb_nom 3.91mm=Tb_nom 0.154 in⋅:=PIPE NOMINAL WALL THICKNESS =
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Yb 0.4=Coefficients:

Wr 1=Wb 1.0=
Joint Strength 
Reduction Factors:

Ejr 1=Ejb 1.0=Weld Joint Quality Factors:

c 1.588mm=c 1.588mm=

c 0.063 in=c 0.063 in=Corrosion Allowances:

Lb 79.375 mm=

Lb 3.125 in⋅:=Height/OD Projection:

Tp 0mm=Tr 9 mm=

α 90 deg⋅:=Branch Angle to Header:

Inserted w/Full Pen WeldAttachment Type:

tr 1.613mm=tr 0.063 in=

tb 0.285mm=
tr

P Dr⋅

2 Srd Ejr⋅ Wr⋅ P Yr⋅+( )⋅
:=

tb 0.011 in=

tb
P d1⋅

2 Sbd Ejb⋅ Wb⋅ P 1 Yb−( )⋅−⎡⎣ ⎤⎦⋅
:=Required Thicknesses:

hb Lb:=Effective Height:

d1 56.7 mm=

d1 2.231 in=

d1 Db 2 Tb c−( )⋅−:=Corroded ID:

Yr 0.4=

Sbd 137895kPa=

Sp 0 psi⋅:=Srd 20000 psi=Sbd 20000 psi=Tbl A-1 Allowable Stresses:

ASTM A-106 Gr BASTM A-106 Gr BMaterials:

None12"Sch 40 Smls Pipe2"Sch 40 Smls PipeDescription:

Reinforcing PadRun/Header DataBranch Data

The branch connection is a 2"NPS pipe, insertd through the wall of the seamless run pipe.

REINFORCEMENT OF RUN PIPE WELDED BRANCH CONNECTION : [ 304.3.3 ]

Tb 3.4 mm=

Tp 0 in⋅:=Tr 0.355 in=Tb 0.135 in=Minimum Thicknesses:

Tr_nom 10.3 mm=Tb_nom 3.9 mm=

Tr_nom 0.406 in=Tb_nom 0.154 in=Nominal Thicknesses:

Dp 0 mm=Dr 323.9mm=Db 60.3 mm=

Dp 0 in⋅:=Dr 12.75 in=Db 2.375 in=OD's:

Sp 0 kPa=Srd 137895 kPa=
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Available Areas: Based upon an inserted nozzle

Header Wall: A2 2 d1⋅ d1−( ) Tr tr− c−( )⋅:= A2 0.511 in2
= A2 330 mm2

=

Nozzle OD Projection: A3
2 fr1⋅ Tb tb− c−( )⋅

sin α( )
min L4 hb,( )⋅:= A3 0.065 in2

= A3 42mm2
=

Total Area Available For Reinforcement:

AA A2 A3+( ):= AA 0.577 in2
= > A1 0.142 in2

=  . . . .  OK

AA 372 mm2
= > A1 91mm2

=  . . . .  OK

The Branch Opening Is Adequately Reinforced

REINFORCEMENT OF RUN PIPE WELDED BRANCH CONNECTION Continued

Limits Of Reinforcement:

0.5d1 Tb c−( ) Tr c−( )+⎡⎣ ⎤⎦+ 1.48 in= 0.5d1 Tb c−( ) Tr c−( )+⎡⎣ ⎤⎦+ 37.6 mm=

d2 min
max

0.5d1 Tb c−( )+ Tr c−( )+

d1

⎡
⎢
⎣

⎤
⎥
⎦

Dr

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

:= d2 2.231 in= d2 56.655 mm=

L4 min

Lb

2.5 Tr c−( )⋅

2.5 Tb c−( )⋅ Tr+

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

:= L4 0.536 in=

Lb

2.5 Tr c−( )⋅

2.5 Tb c−( )⋅ Tr+

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

3.125

0.732

0.536

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

in=

L4 13.611 mm=

Lb

2.5 Tr c−( )⋅

2.5 Tb c−( )⋅ Tr+

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

79.4

18.6

13.6

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

mm=

Strength Reduction Factors: For an Inserted Branch Attachment 

Sbd Ejb⋅

Srd Ejr⋅
1= fr1 min

1.0

Sbd Ejb⋅

Srd Ejr⋅

⎛⎜
⎜
⎜
⎝

⎞⎟
⎟
⎟
⎠

:= fr1 1=

Area Calculations:

Required Reinforcement Area = A1 tr d1⋅ 2 sin α( )−( )⋅:= A1 0.142 in2
= A1 91mm2

=
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Sdfa 160648kPa=

Test to Design Stress Ratios
Sdpa

Sdp
1=

Sdfa

Sdf
1.079=

Minimum Hydrotest pressure = PT_min 1.5 MAWP⋅ min
Sdpa

Sdp

Sdfa

Sdf
,

⎛
⎜
⎝

⎞
⎟
⎠

⋅:= PT_min 300 psi=

PT_min 2068 kPa=
PT_min

1.5
200 psi= < P150a 285 psi⋅:= = Flange rating at 100 degF OK

PT_min

1.5
1379 kPa= < P150a 1965 kPa= = Flange rating at 37.8 degC

TEST WITH WATER AT PT PT_min:= PT 300 psi= PT 2068 kPa=

SOFTWARE VERIFICATION

This calculation was produced using the computer software program MathCAD v.11.2a, (MathSoft, Inc., Cambridge,
MA). MathCAD's `Live Document Interface' allows numeric & symbolic calculations, text & graphics to be directly
entered and edited anywhere in the document. Variables and constants must be defined prior to use in an
mathematical equation. The operator ":=" in mathematical equations defines that the variable or expression on the
left is equal to the expression or value on the right.  The value to the right of an "=" sign is the mathematically
precise value of the variable or expression to the left, including the justification of units. Since there are no hidden
formulas in this calculation, the `verification' required of spreadsheet or `canned' computer calculations is not
required. The numeric results will be correct if the variables & mathematical expressions are correctly defined.

MDMT & IMPACT TEST REQUIREMENTS

MATERIAL MDMT'S PER TABLE A-1:

ASTM A106-B PIPE: PER CURVE B IN FIG 323.2.2A WHICH = -20 degF (-29 degC) FOR
THICKNESSES NOT EXCEEDING 1/2".

ASTM A-105 FORGING: -20 degF (-29 degC)

THE LIMITING MDMT PER TABLE A-1 = MDMT 20− degF=

PER TABLE 323.2.2, IMPACT TESTS ARE NOT REQUIRED FOR BASE METALS, WELD METALS,
OR  HAZ'S, FOR THE ABOVE SPECIFIED MDMT.

HYDROSTATIC TEST:  [ 345.4.2 ]

ALLOWABLE STRESSES @ DESIGN TEMPERATURE ARE LESS THAN ALLOWABLE STRESSES @
TEST (AMBIENT) TEMPERATURE.

Material Allowable Stresses At Design Temerature Allowable Stresses At Test Temp

ASTM A106 Gr 6 Sdp 20000 psi⋅:= Sdp 137895kPa= Sdpa 20000 psi⋅:= Sdpa 137895kPa=

ASTM A105 Sdf 21600 psi⋅:= Sdf 148926kPa= Sdfa 23300 psi⋅:=
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MIN DESIGN METAL TEMP = MDMT 20− degF⋅:= MDMT = -29 degC

SERVICE: NON-LEATHAL NORMAL FLUID

EXTERNAL LOADS: NONE OR NEGLIGIBLE

THERMAL LOADS: NONE OR NEGLIGIBLE

CYCLIC LOADS: NONE OR NEGLIGIBLE

CORROSION ALLOWANCES = c 0.0625 in⋅:= c 1.6 mm=

MATERIALS: [TBL A-1] PIPE: ASTM A-106 Gr B SEAMLESS
FLANGES: ASTM A-105, ASME B16.5
ALL ABOVE ARE P-1 MATERIALS PER TBL A-1

POSTWELD HEAT TREATMENT: NONE, EXEMPT PER TABLE 331.1.1 FOR P-1 MATERIALS NOT
EXCEEDING 3/4" THICKNESS

IMPACT TESTS: NONE.  MATERIALS ARE EXEMPT FROM ADDITION IMPACT TESTS
PER TABLES A-1 & 323.2.2, BASED UPON THICKNESS & MDMT.

NDE: VISUAL EXAMINATION PER 341.4.1(a) & IN-PROCESS 344.2 VISUAL
EXAMINATION OF ALL WELDS PER 344.7.1.
NO UT OR RT REQ'D (SEE 341.4.1(b))

ITEM: KOMAX MODEL NO. GLC-55790, 16" FLANGED PIPE SPOOL

CODE: ASME B31.3-2006

JOB NO: 25086-09

CUSTOMER: JOHNSON CONTROLS, INC.

REFERENCE: KOMAX DRAWING 33688

DESCRIPTION:

16" NPS FLANGED PIPE SPOOL ASSEMBLY PER DETAILS SHOWN ON REFERENCE DRAWINGS. THE
SPOOL ASSEMBLY CONSISTS OF A 16" NPS STD WT RUN PIPE W/ASME B16.5 CLASS 150 RFWN
FLANGE AT EACH END, & A 3" NPS SCH 40 BRANCH PIPE W/ASME B16.5 CLASS 150 RFWN FLANGE.

DESIGN DATA

INTERNAL PRESSURE RATING = MAWP 200 psi⋅:= MAWP 1379 kPa=

HYDROSTATIC HEAD = INCLUDED IN MAWP

INTERNAL DESIGN PRESSURE = P MAWP:= P 200 psi= P 1379 kPa=

EXTERNAL PRESSURE RATING = PEXT 0 psi⋅:=

DESIGN TEMPERATURE = T 250 degF⋅:= T = 121 degC
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Wr 1.00:= [302.3.6(e)]

Yr 0.4:= [ TBL 304.1.1 ]
Dr

6
2.667 in= > Tr 0.328 in=

Dr

6
67.7mm= > Tr 8.33 mm=

REQUIRED THICKNESS FOR 
INTERNAL PRESSURE PER 304.1.2 = tr

P Dr⋅

2 Srd Ejr⋅ Wr⋅ P Yr⋅+( )⋅
:= tr 0.080 in= tr 2.02 mm=

tr c+ 0.142 in= < Tr 0.328 in= OK

tr c+ 3.61 mm= < Tr 8.33 mm= OK

ALLOWABLE PRESSURE = Pallow
2 Tr c−( )⋅ Srd Ejr⋅ Wr⋅ P Yr⋅+( )⋅

Dr
:=

Pallow 667 psi= > P 200 psi=

Pallow 4597 kPa= > P 1379 kPa=

THE SPECIFIED PIPE IS ADEQUATE FOR THE INTERNAL DESIGN PRESSURE.

REQUIRED WALL THICKNESS OF RUN PIPE  [ 304.1 ]

PIPE = 16" NPS STD WT PIPE MATERIAL = ASTM A-106 Gr B SMLS PIPE

PIPE OD = Dr 16.0 in⋅:= Dr 406 mm=

CORROSION ALLOWANCE = c 0.0625 in= c 1.6 mm=

DESIGN PRESSURE = P 200 psi= P 1379 kPa=

CODE ALLOWABLE STRESSES PER TBL A-1: Srd 20000 psi⋅:= @ T 250 degF=

Srd 137895 kPa= @ T = 38 degC

PIPE NOMINAL WALL THICKNESS = Tr_nom 0.375 in⋅:= Tr_nom 9.53 mm=

PIPE MATERIAL SPECIFICATION ALLOWS 12.5% UNDER-TOLERANCE ON NOMINAL WALL THICKNESS. 

PIPE MINIMUM WALL THICKNESS = Tr 0.875 Tr_nom⋅:= Tr 0.328 in= Tr 8.33 mm=

LONGITUDINAL JOINT QUALITY FACTOR = Ejr 1.00:= [PER TBL A-1B] 

WELD JOINT STRENGTH REDUCTION FACTOR =

By: J.A.Ganey File: 0929_B31-3_GLC55790_33688.mcd
                                                                             31



KOMAX SYSTEMS, INC
WILMINGTON, CA

ASME/ANSI B31.3 PIPE SPOOL CALCULATION
FOR KOMAX MIXER MODEL GLC-55790

Sht 3 of 6
10/28/09

P 200 psi=>Pallow 1451 psi=

Pallow
2 Tb c−( )⋅ Sbd Ejb⋅ Wb⋅ P Yb⋅+( )⋅

Db
:=ALLOWABLE PRESSURE =

OKTb 4.80 mm=<tb c+ 2.03 mm=

OKTb 0.189 in=<tb c+ 0.080 in=

tb 0.44 mm=tb 0.017 in=tb
P Db⋅

2 Sbd Ejb⋅ Wb⋅ P Yb⋅+( )⋅
:=

REQUIRED THICKNESS FOR 
INTERNAL PRESSURE PER 304.1.2 =

Tb 4.8 mm=>

OKCLASS 150 FLANGE PRESSURE RATING EXCEEDS DESIGN PRESSURE.

P 1379 kPa=>T = 38 degC@ Pd_flg 1689 kPa=

P 200 psi=>T 250 degF=@ Pd_flg 245 psi⋅:=

ALLOWABLE WORKING PRESSURE FOR CLASS 150 FLANGES:

MATERIAL = ASTM A-105

ASME B16.5 FLANGE PRESSURE RATING

THE SPECIFIED PIPE IS ADEQUATE FOR THE INTERNAL DESIGN PRESSURE.

P 1379 kPa=>Pallow 10008 kPa=

T = 38 degC@Sbd 137895kPa=

T 250 degF=@Sbd 20000 psi⋅:=CODE ALLOWABLE STRESSES PER TBL A-1:

P 1379 kPa=P 200 psi=DESIGN PRESSURE =

c 1.6 mm=c 0.0625 in=CORROSION ALLOWANCE =

Db 89mm=Db 3.5 in⋅:=PIPE OD =

MATERIAL = ASTM A-106 Gr B SMLS PIPEPIPE = 3" NPS SCH 40 PIPE

REQUIRED WALL THICKNESS OF BRANCH PIPE  [ 304.1 ]

Db

6
14.8 mm=Tb 0.189 in=>

Db

6
0.583 in=[ TBL 304.1.1 ]Yb 0.4:=

[302.3.5(e)]Wb 1.00:=WELD JOINT STRENGTH REDUCTION FACTOR =

[PER TBL A-1B] Ejb 1.00:=LONGITUDINAL JOINT QUALITY FACTOR =

Tb 4.8 mm=Tb 0.189 in=Tb 0.875 Tb_nom⋅:=PIPE MINIMUM WALL THICKNESS =

PIPE MATERIAL SPECIFICATION ALLOWS 12.5% UNDER-TOLERANCE ON NOMINAL WALL THICKNESS. 

Tb_nom 5.49mm=Tb_nom 0.216 in⋅:=PIPE NOMINAL WALL THICKNESS =
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Yb 0.4=Coefficients:

Wr 1=Wb 1.0=
Joint Strength 
Reduction Factors:

Ejr 1=Ejb 1.0=Weld Joint Quality Factors:

c 1.588mm=c 1.588mm=

c 0.063 in=c 0.063 in=Corrosion Allowances:

Lb 79.375 mm=

Lb 3.125 in⋅:=Height/OD Projection:

Tp 0mm=Tr 8.3 mm=

α 90 deg⋅:=Branch Angle to Header:

Inserted w/Full Pen WeldAttachment Type:

tr 2.024mm=tr 0.080 in=

tb 0.415mm=
tr

P Dr⋅

2 Srd Ejr⋅ Wr⋅ P Yr⋅+( )⋅
:=

tb 0.016 in=

tb
P d1⋅

2 Sbd Ejb⋅ Wb⋅ P 1 Yb−( )⋅−⎡⎣ ⎤⎦⋅
:=Required Thicknesses:

hb Lb:=Effective Height:

d1 82.5 mm=

d1 3.247 in=

d1 Db 2 Tb c−( )⋅−:=Corroded ID:

Yr 0.4=

Sbd 137895kPa=

Sp 0 psi⋅:=Srd 20000 psi=Sbd 20000 psi=Tbl A-1 Allowable Stresses:

ASTM A-106 Gr BASTM A-106 Gr BMaterials:

None16"Std Wt Smls Pipe3"Sch 40 Smls PipeDescription:

Reinforcing PadRun/Header DataBranch Data

The branch connection is a 3"NPS pipe, insertd through the wall of the seamless run pipe.

REINFORCEMENT OF RUN PIPE WELDED BRANCH CONNECTION : [ 304.3.3 ]

Tb 4.8 mm=

Tp 0 in⋅:=Tr 0.328 in=Tb 0.189 in=Minimum Thicknesses:

Tr_nom 9.5 mm=Tb_nom 5.5 mm=

Tr_nom 0.375 in=Tb_nom 0.216 in=Nominal Thicknesses:

Dp 0 mm=Dr 406.4mm=Db 88.9 mm=

Dp 0 in⋅:=Dr 16 in=Db 3.5 in=OD's:

Sp 0 kPa=Srd 137895 kPa=
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Available Areas: Based upon an inserted nozzle

Header Wall: A2 2 d1⋅ d1−( ) Tr tr− c−( )⋅:= A2 0.604 in2
= A2 390 mm2

=

Nozzle OD Projection: A3
2 fr1⋅ Tb tb− c−( )⋅

sin α( )
min L4 hb,( )⋅:= A3 0.142 in2

= A3 92mm2
=

Total Area Available For Reinforcement:

AA A2 A3+( ):= AA 0.746 in2
= > A1 0.259 in2

=  . . . .  OK

AA 481 mm2
= > A1 167 mm2

=  . . . .  OK

The Branch Opening Is Adequately Reinforced

REINFORCEMENT OF RUN PIPE WELDED BRANCH CONNECTION Continued

Limits Of Reinforcement:

0.5d1 Tb c−( ) Tr c−( )+⎡⎣ ⎤⎦+ 2.016 in= 0.5d1 Tb c−( ) Tr c−( )+⎡⎣ ⎤⎦+ 51.2 mm=

d2 min
max

0.5d1 Tb c−( )+ Tr c−( )+

d1

⎡
⎢
⎣

⎤
⎥
⎦

Dr

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

:= d2 3.247 in= d2 82.474 mm=

L4 min

Lb

2.5 Tr c−( )⋅

2.5 Tb c−( )⋅ Tr+

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

:= L4 0.644 in=

Lb

2.5 Tr c−( )⋅

2.5 Tb c−( )⋅ Tr+

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

3.125

0.664

0.644

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

in=

L4 16.367 mm=

Lb

2.5 Tr c−( )⋅

2.5 Tb c−( )⋅ Tr+

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

79.4

16.9

16.4

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

mm=

Strength Reduction Factors: For an Inserted Branch Attachment 

Sbd Ejb⋅

Srd Ejr⋅
1= fr1 min

1.0

Sbd Ejb⋅

Srd Ejr⋅

⎛⎜
⎜
⎜
⎝

⎞⎟
⎟
⎟
⎠

:= fr1 1=

Area Calculations:

Required Reinforcement Area = A1 tr d1⋅ 2 sin α( )−( )⋅:= A1 0.259 in2
= A1 167 mm2

=

By: J.A.Ganey File: 0929_B31-3_GLC55790_33688.mcd
                                                                             34



KOMAX SYSTEMS, INC
WILMINGTON, CA

ASME/ANSI B31.3 PIPE SPOOL CALCULATION
FOR KOMAX MIXER MODEL GLC-55790

Sht 6 of 6
10/28/09

Sdfa 160648kPa=

Test to Design Stress Ratios
Sdpa

Sdp
1=

Sdfa

Sdf
1.079=

Minimum Hydrotest pressure = PT_min 1.5 MAWP⋅ min
Sdpa

Sdp

Sdfa

Sdf
,

⎛
⎜
⎝

⎞
⎟
⎠

⋅:= PT_min 300 psi=

PT_min 2068 kPa=
PT_min

1.5
200 psi= < P150a 285 psi⋅:= = Flange rating at 100 degF OK

PT_min

1.5
1379 kPa= < P150a 1965 kPa= = Flange rating at 37.8 degC

TEST WITH WATER AT PT PT_min:= PT 300 psi= PT 2068 kPa=

SOFTWARE VERIFICATION

This calculation was produced using the computer software program MathCAD v.11.2a, (MathSoft, Inc., Cambridge,
MA). MathCAD's `Live Document Interface' allows numeric & symbolic calculations, text & graphics to be directly
entered and edited anywhere in the document. Variables and constants must be defined prior to use in an
mathematical equation. The operator ":=" in mathematical equations defines that the variable or expression on the
left is equal to the expression or value on the right.  The value to the right of an "=" sign is the mathematically
precise value of the variable or expression to the left, including the justification of units. Since there are no hidden
formulas in this calculation, the `verification' required of spreadsheet or `canned' computer calculations is not
required. The numeric results will be correct if the variables & mathematical expressions are correctly defined.

MDMT & IMPACT TEST REQUIREMENTS

MATERIAL MDMT'S PER TABLE A-1:

ASTM A106-B PIPE: PER CURVE B IN FIG 323.2.2A WHICH = -20 degF (-29 degC) FOR
THICKNESSES NOT EXCEEDING 1/2".

ASTM A-105 FORGING: -20 degF (-29 degC)

THE LIMITING MDMT PER TABLE A-1 = MDMT 20− degF=

PER TABLE 323.2.2, IMPACT TESTS ARE NOT REQUIRED FOR BASE METALS, WELD METALS,
OR  HAZ'S, FOR THE ABOVE SPECIFIED MDMT.

HYDROSTATIC TEST:  [ 345.4.2 ]

ALLOWABLE STRESSES @ DESIGN TEMPERATURE ARE LESS THAN ALLOWABLE STRESSES @
TEST (AMBIENT) TEMPERATURE.

Material Allowable Stresses At Design Temerature Allowable Stresses At Test Temp

ASTM A106 Gr 6 Sdp 20000 psi⋅:= Sdp 137895kPa= Sdpa 20000 psi⋅:= Sdpa 137895kPa=

ASTM A105 Sdf 21600 psi⋅:= Sdf 148926kPa= Sdfa 23300 psi⋅:=
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MIN DESIGN METAL TEMP = MDMT 20− degF⋅:= MDMT = -29 degC

SERVICE: NON-LEATHAL NORMAL FLUID

EXTERNAL LOADS: NONE OR NEGLIGIBLE

THERMAL LOADS: NONE OR NEGLIGIBLE

CYCLIC LOADS: NONE OR NEGLIGIBLE

CORROSION ALLOWANCES = c 0.0625 in⋅:= c 1.6 mm=

MATERIALS: [TBL A-1] PIPE: ASTM A-106 Gr B SEAMLESS
FLANGES: ASTM A-105, ASME B16.5
ALL ABOVE ARE P-1 MATERIALS PER TBL A-1

POSTWELD HEAT TREATMENT: NONE, EXEMPT PER TABLE 331.1.1 FOR P-1 MATERIALS NOT
EXCEEDING 3/4" THICKNESS

IMPACT TESTS: NONE.  MATERIALS ARE EXEMPT FROM ADDITION IMPACT TESTS
PER TABLES A-1 & 323.2.2, BASED UPON THICKNESS & MDMT.

NDE: VISUAL EXAMINATION PER 341.4.1(a) & IN-PROCESS 344.2 VISUAL
EXAMINATION OF ALL WELDS PER 344.7.1.
NO UT OR RT REQ'D (SEE 341.4.1(b))

ITEM: KOMAX MODEL NO. GLC-55791, 6" FLANGED PIPE SPOOL

CODE: ASME B31.3-2006

JOB NO: 25086-09

CUSTOMER: JOHNSON CONTROLS, INC.

REFERENCE: KOMAX DRAWING 33689

DESCRIPTION:

6" NPS FLANGED PIPE SPOOL ASSEMBLY PER DETAILS SHOWN ON REFERENCE DRAWINGS. THE
SPOOL ASSEMBLY CONSISTS OF A 6" NPS SCH 40 RUN PIPE W/ASME B16.5 CLASS 150 RFWN
FLANGE AT EACH END, & A 1" NPS SCH 40 BRANCH PIPE W/ASME B16.5 CLASS 150 RFWN FLANGE.

DESIGN DATA

INTERNAL PRESSURE RATING = MAWP 200 psi⋅:= MAWP 1379 kPa=

HYDROSTATIC HEAD = INCLUDED IN MAWP

INTERNAL DESIGN PRESSURE = P MAWP:= P 200 psi= P 1379 kPa=

EXTERNAL PRESSURE RATING = PEXT 0 psi⋅:=

DESIGN TEMPERATURE = T 250 degF⋅:= T = 121 degC
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Wr 1.00:= [302.3.6(e)]

Yr 0.4:= [ TBL 304.1.1 ]
Dr

6
1.104 in= > Tr 0.245 in=

Dr

6
28mm= > Tr 6.22 mm=

REQUIRED THICKNESS FOR 
INTERNAL PRESSURE PER 304.1.2 = tr

P Dr⋅

2 Srd Ejr⋅ Wr⋅ P Yr⋅+( )⋅
:= tr 0.033 in= tr 0.84 mm=

tr c+ 0.095 in= < Tr 0.245 in= OK

tr c+ 2.43 mm= < Tr 6.22 mm= OK

ALLOWABLE PRESSURE = Pallow
2 Tr c−( )⋅ Srd Ejr⋅ Wr⋅ P Yr⋅+( )⋅

Dr
:=

Pallow 1106 psi= > P 200 psi=

Pallow 7628 kPa= > P 1379 kPa=

THE SPECIFIED PIPE IS ADEQUATE FOR THE INTERNAL DESIGN PRESSURE.

REQUIRED WALL THICKNESS OF RUN PIPE  [ 304.1 ]

PIPE = 6" NPS SCH 40 PIPE MATERIAL = ASTM A-106 Gr B SMLS PIPE

PIPE OD = Dr 6.625 in⋅:= Dr 168 mm=

CORROSION ALLOWANCE = c 0.0625 in= c 1.6 mm=

DESIGN PRESSURE = P 200 psi= P 1379 kPa=

CODE ALLOWABLE STRESSES PER TBL A-1: Srd 20000 psi⋅:= @ T 250 degF=

Srd 137895 kPa= @ T = 38 degC

PIPE NOMINAL WALL THICKNESS = Tr_nom 0.280 in⋅:= Tr_nom 7.11 mm=

PIPE MATERIAL SPECIFICATION ALLOWS 12.5% UNDER-TOLERANCE ON NOMINAL WALL THICKNESS. 

PIPE MINIMUM WALL THICKNESS = Tr 0.875 Tr_nom⋅:= Tr 0.245 in= Tr 6.22 mm=

LONGITUDINAL JOINT QUALITY FACTOR = Ejr 1.00:= [PER TBL A-1B] 

WELD JOINT STRENGTH REDUCTION FACTOR =
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P 200 psi=>Pallow 1645 psi=

Pallow
2 Tb c−( )⋅ Sbd Ejb⋅ Wb⋅ P Yb⋅+( )⋅

Db
:=ALLOWABLE PRESSURE =

OKTb 2.96 mm=<tb c+ 1.75 mm=

OKTb 0.116 in=<tb c+ 0.069 in=

tb 0.17 mm=tb 0.0065 in=tb
P Db⋅

2 Sbd Ejb⋅ Wb⋅ P Yb⋅+( )⋅
:=

REQUIRED THICKNESS FOR 
INTERNAL PRESSURE PER 304.1.2 =

Tb 2.96 mm=>

OKCLASS 150 FLANGE PRESSURE RATING EXCEEDS DESIGN PRESSURE.

P 1379 kPa=>T = 38 degC@ Pd_flg 1689 kPa=

P 200 psi=>T 250 degF=@ Pd_flg 245 psi⋅:=

ALLOWABLE WORKING PRESSURE FOR CLASS 150 FLANGES:

MATERIAL = ASTM A-105

ASME B16.5 FLANGE PRESSURE RATING

THE SPECIFIED PIPE IS ADEQUATE FOR THE INTERNAL DESIGN PRESSURE.

P 1379 kPa=>Pallow 11344 kPa=

T = 38 degC@Sbd 137895kPa=

T 250 degF=@Sbd 20000 psi⋅:=CODE ALLOWABLE STRESSES PER TBL A-1:

P 1379 kPa=P 200 psi=DESIGN PRESSURE =

c 1.6 mm=c 0.0625 in=CORROSION ALLOWANCE =

Db 33mm=Db 1.315 in⋅:=PIPE OD =

MATERIAL = ASTM A-106 Gr B SMLS PIPEPIPE = 1" NPS SCH 40 PIPE

REQUIRED WALL THICKNESS OF BRANCH PIPE  [ 304.1 ]

Db

6
5.6 mm=Tb 0.116 in=>

Db

6
0.219 in=[ TBL 304.1.1 ]Yb 0.4:=

[302.3.5(e)]Wb 1.00:=WELD JOINT STRENGTH REDUCTION FACTOR =

[PER TBL A-1B] Ejb 1.00:=LONGITUDINAL JOINT QUALITY FACTOR =

Tb 2.96 mm=Tb 0.116 in=Tb 0.875 Tb_nom⋅:=PIPE MINIMUM WALL THICKNESS =

PIPE MATERIAL SPECIFICATION ALLOWS 12.5% UNDER-TOLERANCE ON NOMINAL WALL THICKNESS. 

Tb_nom 3.38mm=Tb_nom 0.133 in⋅:=PIPE NOMINAL WALL THICKNESS =
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Yb 0.4=Coefficients:

Wr 1=Wb 1.0=
Joint Strength 
Reduction Factors:

Ejr 1=Ejb 1.0=Weld Joint Quality Factors:

c 1.588mm=c 1.588mm=

c 0.063 in=c 0.063 in=Corrosion Allowances:

Lb 79.375 mm=

Lb 3.125 in⋅:=Height/OD Projection:

Tp 0mm=Tr 6.2 mm=

α 90 deg⋅:=Branch Angle to Header:

Inserted w/Full Pen WeldAttachment Type:

tr 0.838mm=tr 0.033 in=

tb 0.154mm=
tr

P Dr⋅

2 Srd Ejr⋅ Wr⋅ P Yr⋅+( )⋅
:=

tb 0.0061 in=

tb
P d1⋅

2 Sbd Ejb⋅ Wb⋅ P 1 Yb−( )⋅−⎡⎣ ⎤⎦⋅
:=Required Thicknesses:

hb Lb:=Effective Height:

d1 30.7 mm=

d1 1.207 in=

d1 Db 2 Tb c−( )⋅−:=Corroded ID:

Yr 0.4=

Sbd 137895kPa=

Sp 0 psi⋅:=Srd 20000 psi=Sbd 20000 psi=Tbl A-1 Allowable Stresses:

ASTM A-106 Gr BASTM A-106 Gr BMaterials:

None6"Std Wt Smls Pipe1"Sch 40 Smls PipeDescription:

Reinforcing PadRun/Header DataBranch Data

The branch connection is a 1"NPS pipe, insertd through the wall of the seamless run pipe.

REINFORCEMENT OF RUN PIPE WELDED BRANCH CONNECTION : [ 304.3.3 ]

Tb 3mm=

Tp 0 in⋅:=Tr 0.245 in=Tb 0.116 in=Minimum Thicknesses:

Tr_nom 7.1 mm=Tb_nom 3.4 mm=

Tr_nom 0.28 in=Tb_nom 0.133 in=Nominal Thicknesses:

Dp 0 mm=Dr 168.3mm=Db 33.4 mm=

Dp 0 in⋅:=Dr 6.625 in=Db 1.315 in=OD's:

Sp 0 kPa=Srd 137895 kPa=
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Available Areas: Based upon an inserted nozzle

Header Wall: A2 2 d1⋅ d1−( ) Tr tr− c−( )⋅:= A2 0.18 in2
= A2 116 mm2

=

Nozzle OD Projection: A3
2 fr1⋅ Tb tb− c−( )⋅

sin α( )
min L4 hb,( )⋅:= A3 0.036 in2

= A3 23mm2
=

Total Area Available For Reinforcement:

AA A2 A3+( ):= AA 0.217 in2
= > A1 0.04 in2

=  . . . .  OK

AA 140 mm2
= > A1 26mm2

=  . . . .  OK

The Branch Opening Is Adequately Reinforced

REINFORCEMENT OF RUN PIPE WELDED BRANCH CONNECTION Continued

Limits Of Reinforcement:

0.5d1 Tb c−( ) Tr c−( )+⎡⎣ ⎤⎦+ 0.84 in= 0.5d1 Tb c−( ) Tr c−( )+⎡⎣ ⎤⎦+ 21.3 mm=

d2 min
max

0.5d1 Tb c−( )+ Tr c−( )+

d1

⎡
⎢
⎣

⎤
⎥
⎦

Dr

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

:= d2 1.207 in= d2 30.664 mm=

L4 min

Lb

2.5 Tr c−( )⋅

2.5 Tb c−( )⋅ Tr+

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

:= L4 0.380 in=

Lb

2.5 Tr c−( )⋅

2.5 Tb c−( )⋅ Tr+

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

3.125

0.456

0.38

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

in=

L4 9.644mm=

Lb

2.5 Tr c−( )⋅

2.5 Tb c−( )⋅ Tr+

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

79.4

11.6

9.6

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

mm=

Strength Reduction Factors: For an Inserted Branch Attachment 

Sbd Ejb⋅

Srd Ejr⋅
1= fr1 min

1.0

Sbd Ejb⋅

Srd Ejr⋅

⎛⎜
⎜
⎜
⎝

⎞⎟
⎟
⎟
⎠

:= fr1 1=

Area Calculations:

Required Reinforcement Area = A1 tr d1⋅ 2 sin α( )−( )⋅:= A1 0.04 in2
= A1 26mm2

=
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Sdfa 160648kPa=

Test to Design Stress Ratios
Sdpa

Sdp
1=

Sdfa

Sdf
1.079=

Minimum Hydrotest pressure = PT_min 1.5 MAWP⋅ min
Sdpa

Sdp

Sdfa

Sdf
,

⎛
⎜
⎝

⎞
⎟
⎠

⋅:= PT_min 300 psi=

PT_min 2068 kPa=
PT_min

1.5
200 psi= < P150a 285 psi⋅:= = Flange rating at 100 degF OK

PT_min

1.5
1379 kPa= < P150a 1965 kPa= = Flange rating at 37.8 degC

TEST WITH WATER AT PT PT_min:= PT 300 psi= PT 2068 kPa=

SOFTWARE VERIFICATION

This calculation was produced using the computer software program MathCAD v.11.2a, (MathSoft, Inc., Cambridge,
MA). MathCAD's `Live Document Interface' allows numeric & symbolic calculations, text & graphics to be directly
entered and edited anywhere in the document. Variables and constants must be defined prior to use in an
mathematical equation. The operator ":=" in mathematical equations defines that the variable or expression on the
left is equal to the expression or value on the right.  The value to the right of an "=" sign is the mathematically
precise value of the variable or expression to the left, including the justification of units. Since there are no hidden
formulas in this calculation, the `verification' required of spreadsheet or `canned' computer calculations is not
required. The numeric results will be correct if the variables & mathematical expressions are correctly defined.

MDMT & IMPACT TEST REQUIREMENTS

MATERIAL MDMT'S PER TABLE A-1:

ASTM A106-B PIPE: PER CURVE B IN FIG 323.2.2A WHICH = -20 degF (-29 degC) FOR
THICKNESSES NOT EXCEEDING 1/2".

ASTM A-105 FORGING: -20 degF (-29 degC)

THE LIMITING MDMT PER TABLE A-1 = MDMT 20− degF=

PER TABLE 323.2.2, IMPACT TESTS ARE NOT REQUIRED FOR BASE METALS, WELD METALS,
OR  HAZ'S, FOR THE ABOVE SPECIFIED MDMT.

HYDROSTATIC TEST:  [ 345.4.2 ]

ALLOWABLE STRESSES @ DESIGN TEMPERATURE ARE LESS THAN ALLOWABLE STRESSES @
TEST (AMBIENT) TEMPERATURE.

Material Allowable Stresses At Design Temerature Allowable Stresses At Test Temp

ASTM A106 Gr 6 Sdp 20000 psi⋅:= Sdp 137895kPa= Sdpa 20000 psi⋅:= Sdpa 137895kPa=

ASTM A105 Sdf 21600 psi⋅:= Sdf 148926kPa= Sdfa 23300 psi⋅:=
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