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	Quick Pipe is a very reliable Windows( based software which has the ability to determine the Steady State Temperature and Heat Flux distributions in an insulated pipe as a function of radius as well as length (3D version only). This user-friendly package has been used in several occasions to optimize certain given parameters such as insulation materials, critical thickness of insulation, safe working temperatures as well as costs of installation (not in Prerelease Version). Figure 1 shows the main screen with which the user will encounter on running Quick Pipe (Prerelease 0.6).



�

Figure 1. Quick Pipe Prerelease Version 0.6 Main Screen.



	As it can be seen, a very intuitive interface will make it easy for the engineer to work with this software. A table of several of Quick Pipe's specifications follows:



�Quick Pipe��Feature�P.R. 0.6�PLUS�3D��One Dimensional Problems�(�(�(��Two Dimensional Problems��(�(��Three Dimensional Problems���(��U.S. Standard Specs.�(�(�(��Pipe Material Selection�(�(�(��Several Layers of Insulation��(�(��Insulation Material Selection�(�(�(��Definable Internal Convective Environment��(�(��Definable External Convective Environment�(�(�(��Analytical Solution�(�(�(��Iterative Solution�(�(�(��Real Time Solutions��(�(��Analytical Solution Plot�(�(�(��Iterative Solution Plot�(�(�(��Simultaneous Plots��(�(��Cost of Pipe Material��(�(��Cost of Insulation Material��(�(��Control Hints�(�(�(��Structured Grid Generation�(�(�(��Unstructured Grid Generation���(��User modifiable iteration parameters��(�(��Windows 3.1(�(����Windows 95(�(�(�(��Table 1. Some of the features of the Quick Pipe Software series.



INSTALLATION



	The installation procedure is fully automated, just insert the installation disk in your disk drive and from the Start button go to Run and select the file called SETUP.EXE from the 3½ Floppy (A:) icon.

	This software CANNOT be run from the floppy disk, so please install it on a hard drive before using it. This is a Windows( constrain by which access to floppies is ...slow? So to optimize Quick Pipe's performance, installation on a hard drive is required.

	After installation a new group and folder will appear on your Programs folder named Quick Pipe by default. To run the program just select the icon in your computer and click on it, the program will automatically appear after the Copyright notice.



WORKING WITH QUICK PIPE



	After the Copyright notice disappears from the screen you are ready to use the program. The basic steps to analyze a pipe-insulation configuration are as follows:



First you have to get used to Quick Pipe's user-friendly environment. The screen is structured in order, so you can figure out each and every input you need to adjust before actually running the analysis. Take a look at Figure 1 again if you are not running the program yet and locate each one of the following groups:



	- Pipe Characteristics.

	- Insulation Properties.

	- Internal Convective Environment.

	- External Convective Environment.

	- Solution (Analytical / Iterative).



As you can see, all these components are arranged in logical order to speed up the input process. Now you are ready to proceed to step 2.

First we need to input the characteristics of the pipe: Click on the Nominal Size box to deploy a list of standard values. Select the appropriate on by clicking on it. Note that you can scroll up and down, so don't get nervous if you don't find the value you need at first sight. In PLUS and 3D versions this input box can be modified manually to enter non-standard values.

Next the value for the insulation properties should be entered. Notice that the multilayer option is not functional, since this version does not support it (consider upgrading your version to Quick Pipe Plus or 3D). So here we only need to set the thickness of the insulation layer and then the material of which our virtual pipe is made of. This procedure is analogous to step 2, so please refer to it if some problem should occur. The same limitations apply to this section that PLUS and 3D versions do not have.

For the settings of the convective environment we only have to worry about the temperature of the inner fluid. In this prerelease the Assume Constant T option is always checked. Therefore you won't be able to modify the heat transfer coefficient for the internal fluid.

As opposed to step 4, here we are free to setup each and every of the conditions which specify the outer environment. We select the h for the outer convective environment, as well as the Outer Environment Temperature (T(). Also, a Safe Temperature must be selected which will ensure the safety of the people working close to the pipe.

Now we are ready to generate the grid that will be used by the program to make its iterative calculations. To do so, please click on the Grid | New option of the menu. A new window will appear on your screen. Refer to Figure 2 to know what the Grid Generator dialog looks like.

Here is were things get somehow complicated, if you don't know much about grid generation. If that's the case, just skip to step 9 and accept the values that Quick Pipe will take as default for you. The only thing that requires your attention here is to select whether you want a 1D or 2D grid to be generated. Just check the radio button that best suites your need. Remember that in the 3D version, another radio button will be available, the 3D button! Also, consider that P.R. 0.6 can generate 2D grids but cannot analize them!



�

Figure 2. Grid Generator Dialog.



Now you have to decide how many points are going to be defining each section of the pipe. That is, Tangential Points indicates the number of points in one circumference. This value will automatically be set to 1 if you selected the 1D radio button. The Pipe Radial Points indicates the number of points that conform one radius in the interval [r1,r2] where r1 is the inner radius of the pipe, and r2 is the outer radius of the pipe. Similarly, the Insulation Radial Points will refer to the points defining the section of radius belonging to the interval [r2,r3] with r3 as the external radius of the insulation layer. This can be clearer if you refer to Figure 3, where a typical 2D grid is shown.



���� INCRUSTAR Word.Picture.6  ���

Figure 3. Typical 2D Grid.



Here is were you can change the name of the grid you are generating for labeling purposes mainly. Just click on the box were says Grid Title and type whatever you want (it should make some sense).

Once all the grid parameters have been defined, there's an extra option which allows us to see the actual X,Y,Z coordinates of the grid we just generated (Figure 5). This option can be turned on by checking the View Grid Data Points After Generation option. Then click on the Generate button and the grid is done!

Remember that for the Prerelease version, you are able to generate 2D grids, but QP 0.6 won't be able to analyze them!

Now you are ready to analyze the pipe you defined, so go ahead and click on the Calculate button (Figure 4). In no time a window will appear giving you the answer to your question (Temperature as a function of Radius if you are running the P.R. 0.6 version). This can be seen in Figure 6. 



�

Figure 4. Quick access buttons.



�

Figure 5. List of values for the generated 1D grid.



If the values you entered are somehow extreme, you will probably see a message on your screen telling you something about problems with the iteration process, as shown on Figure 7. NOTE: This critical situation should not occur if realistic values are chosen. Even if this is not the case, Quick Pipe has being designed to avoid this problems as frequently as possible (some artificial intelligence algorithms are introduced here that make QP learn from the user errors and warn if the case is ever repeated).



�

Figure 6. Results Window.



After checking the obtained values, why don't you go ahead and click on the Plot button (Figure 4), a nice Temperature graphic should pop up on your screen, which is always easier to follow than a table full of numbers. If you are really interested in the 



�

Figure 7. Iterative Process Warning Window.



values in the graph, just double click on the point of the plot you want to know more about and a cloud-like message window will tell you the X,Y values for it. This is shown in Figure 8. When saying X,Y values the Temperature and Radius should be kept in mind (or other values depending on the version of Quick Pipe you are running). NOTE: The implementation of the cloud values is dependent on the thickness of the line, so if your computer is configured to plot very thin lines it will be very hard for you to actually hit the target at the first try.



�

Figure 8. Calculated Temperatures Plot. 

�BEHIND THE SCENES OF QUICK PIPE



	In this section we will try to explain how QP works only for the relevant (computational) part. That means that there will be no dissertation on how the grid is generated or how the analytical solution is obtained. The aim of this section is to understand the math behind a 1D heat transfer iterative problem.

	Segments of the code will be outlined here for a better understanding. The whole code won't be supplied for obvious reasons (it wouldn't make much sense anyway).

		For every iterative problem, first we need to define whether different areas require different sets of equations to be solved. In our case, since a pipe and a layer of insulation  are involved we do have two well defined work regions. Thus we will need four equations:



� INCRUSTAR Equation.2  ���		(1)

� INCRUSTAR Equation.2  ���	(2)

� INCRUSTAR Equation.2  ���		(3)

� INCRUSTAR Equation.2  ���	(4)



	This four equations can be explained as follows: Equations (1) and (3) correspond to the pipe and the insulation respectively. Equations (2) and (4) refer to the boundaries between pipe and insulation and the boundary between insulation and convective environment respectively. A Polar Coordinates approach was taken, thus increasing somehow the resolution of the answer.





	Let's take a look at the portion of the code which reflects the statement above. Note that in this case, the four to three reduction in the number of equations hasn't been considered yet.





 

 for i:=2 to (Grid_mra-1) do	{First for the inner points of the pipe}

   begin	{Polar coord. Finite Differences Approach}

    Temp[i]:= (Temp[i+1]+Temp[i-1])/2 + (Delta_p*(Temp[i+1]-Temp[i-1])/(4*GridPoints_X[1,i]));  

   end;					





  {Now for the point between pipe and insulation (method of half influences)}



  Temp[Grid_mra]:= (k1*Temp[i-1]*Delta_i + k2*Temp[i+1]*Delta_p)/(k1*Delta_i+k2*Delta_p);







  for i:=(Grid_mra+1) to (Grid_max-1) do

   begin	{Polar coord. Finite Differences Approach}

    Temp[i]:= (Temp[i-1]+Temp[i+1])/2 + (Delta_i*(Temp[i-1]-Temp[i+1])/(4*GridPoints_X[1,i]));

   end;				



  {Now for the point between insulation and external environment (method of half influences)}



   Temp[Grid_max]:=(k2*Temp[i-1] + Delta_i*h*Tinfinity)/(k2 + Delta_i*h);  



	All the definition of variables, as well as the commented code are placed in Appendix A, where the relevant code is listed.

	An important part of Quick Pipe's success comes from its speed. This can also be highlighted for PLUS and 3D versions where the calculations are actually processed in real time by using some multithreading techniques. This speed comes from the sum of a series of optimizations, one of which is highly relevant to this section: The Initial Guessed Values. Take a look at the code for this section and judge for yourself. It's full meaning will be explained after the listing.



 Temp[1]:=Tini;

 Temp_Old[1]:=Tini;



 for i:=2 to Grid_mra do	{For the pipe inner points we do: }

  begin

  Temp[i]:= Tini;        	{Intelligent guesses are made: The temperature}

  Temp_Old[i]:= Temp[i];          	{throughout the pipe is considered constant}

  end;                             	{and equal to the inner flow temp}



 for i:=Grid_mra+1 to Grid_Max do	{Again, for the insulation inner points we guess: }

  begin                                          	

  Temp[i]:= Tini-(Tini-Tend)*(i-(Grid_mra+1))/(Grid_mrb-2);   {Eqn. for a linear decrease in Temp}

  Temp_Old[i]:=Temp[i];                          	

  end;





	In this portion of code, special care was taken to avoid unnecessary iterations. We see how no change in temperature takes place in the pipe section (grid points from 2 to Grid_mra, see Appendix A for further reference) and then a more abrupt solution is guessed for the insulation part, where k is much smaller. Observe the need to keep a variable to store previous temperature values (Temp_Old), absolutely necessary when an iterative process is running.

	After an iteration is performed, we need some way to check if we are on the right way, and even if we are done with them and we already have the final values in our hands. To do this, QP utilizes the Mean Weighted of Absolute Residuals (MWAR) which consists of comparisons between the absolute differences among the old values and the new ones (sum of the components of each of the resulting vectors). If this difference is less than a previously defined limit, we are done, if not we repeat the iteration once more storing the recently calculated temperatures in a dummy matrix (Temp_Old). A good look at the code will solve any doubt the reader might have.













 Tsum:=0;	{Initialization of MWAR parameters to zero}

  TSum_Old:=0;



  for i:=1 to Grid_max do

   begin

    TSum:=TSum+Temp[i];		    {Summation of all Temps. in variable TSum}

    TSum_Old:=TSum_Old+(Temp_Old[i]-Temp[i]);  {Difference between old and new values}

   end;



  MWAR:=abs(TSum_Old/TSum);          {We calculate the Mean Weighed of Absolute Residuals}



  if (MWAR>M_error) then

   begin

    for i:=2 to Grid_max do	{If MWAR does not satisfy the error resolution}

    begin	{we store the new values in the Old matrix}

     Temp_Old[i]:=Temp[i];	{and reiterate with these new temperatures}

      end;

   end

  else

   begin

    We_r_done:=True;	{If it satisfies the condition then We are Done!}

   end;





	Finally, a required element in all iterative process is the emergency exit, where a trap is located inside the iteration such that if too many computing time is consumed, that is, if the iteration doesn't converge, the process will be cancelled and the user will be warned of this abnormal termination. In QP, there's also an artificial intelligence procedure by which already performed non-converging processes will be automatically discarded. Take a look at the Emergency exit code.



  

  EmergencyExit:=EmergencyExit+1;	{We update the iteration counter}

  if (EmergencyExit mod 100)=0 then Form1.IterProgress.Stepit;

  if EmergencyExit>=IterLimit then	{If the iteration limit is surpassed we warn}

   begin	{the user and abort the operation}

    Messagedlg('Non Convergent Iteration',mtInformation,[mbOK],0);

    Done_Flag:=False;

    We_r_done:=true;

   end;





	That is everything that can be said about Quick Pipe's 1D iterative routines to give the reader a good feeling of what the program is performing when runnig an analysis with it. Also notice that the calls to the Artificial Intelligence routines have been removed for Copyright reasons.

	Remember, the full, relevant code is in Appendix A together with the equivalent code in FORTRAN 90, which contains the core of the QP one dimensional analysis algorithm and can be tried by running HEAT32, a Windows 95( scaled down version which will run in DOS mode only.

�THEORY OF CONVECTIVE HEAT TRANSFE IN PIPES 



	In this section we will discuss how the heat transfer conducted radially through a pipe can be mathematically (analytically) modeled and solved in an easy way.

	Radial heat flow through a cylindrical tube or pipe is basically a one dimensional, steady state transfer of energy by conduction. In this particular case, axial heat flow is negligible. We can model this flow with the following equation:



� INCRUSTAR Equation.2  ���



where	q = heat transfer rate [W]

	Tintern = Temperature in the inner wall of the pipe [oC].

	Touter = Temperature in the outer skin of the insulation [oC].

	RT = Thermal resistance of the solid per unit thickness [oC/W/m2].



	Thermal resistance is analogous to electrical resistance. Now, for cylindrical pipes with a layer of insulation and an external convective environment we have:



� INCRUSTAR Equation.2  ���



where	T( = Temperature of the outer environment.

 	r1 = Inner radius of the pipe [m].

	r2 = Outer radius of the pipe [m].

	r3 = Outer radius of the insulation [m].

	k1 = Thermal conductivity for the pipe's material [W/moC].

	k2 = Thermal conductivity for the insulation's material [W/moC].

	h = Heat transfer coefficient for the convective environment [W/m2oC].



	Finally, since what we want to calculate is the temperature as a function of the radius we need to determine the nodal temperatures. These are the temperatures at the boundary between the pipe and the insulator (T2) and between the insulator and the convective environment (T3):



� INCRUSTAR Equation.2  ���



	Now we can define T(r) for the two regions (pipe and insulator) as:





� INCRUSTAR Equation.2  ���



	Using the formulation above we can get the exact solution to this particular problem, a plot of which can be seen on Figure 9. Note that we can play around with the value of k2 and r3 to determine an insulation efficient, cost effective pipe configuration. This particular topic is covered in the TEST CASE section where a problem is stated and solved both analytically and numerically, the latter being solved with QP P.R. 0.6.

�

Figure 9. Analytical solution of a Pipe-Insulation problem. (1 layer of insulation only).



�TEST CASE



	A 4 in. nominal diameter schedule 80 pipe of 5% chrome steel is being used to transport steam at 400oC. To ensure the safety of the personnel and to reduce the heat transfer rate to the surrounding, it is necessary to insulate the pipe. The pipe is located in an air environment with a constant temperature of 30oC and a heat transfer coefficient of 10 W/m2oC. You may assume that the inner surface of the pipe will be at a constant temperature of 400oC. Design a suitable insulation taking into account the following constrains:



A safe outer surface temperature. Provide a reference or justification for your choice of a safe temperature.

Space is at a premium so the thickness of the insulation should be minimized.

Cost should be minimized.

Worker safety during insulation application and during the lifetime of the piping must be considered (i.e. no hazardous materials).

Heat loss should also be kept as low as possible.



	After reading and understanding the exercise, we proceed to establish which are the known values and which are the unknowns:



Known Values�Unknowns��r1 = (2-0.337) in = 0.042 m �r3��r2 = 2 in = 0.051 m�k2��k1 = 40 W/moC���h = 10 W/m2 oC���Tintern = 400 oC���T( = 30 oC���Table 2. List of parameters.

	The first step is to determine the amount of heat flowing radially through the pipe. Since we have one equation and two unknowns we will fix (assume) one of them and play with the other. This, in some sense is also an iterative process, although we are determining analytical solutions!

	Let's guess a value for r3 of 4 inch, then we choose a material which supports 400oC and has a low value of k2 to increase efficiency (decrease heat loss). This material can be Thermo-12® Gold by Schuller Insulation Co. Which has a k = 0.070 W/moC.

	Our equation for the heat flow per unit length becomes:



� INCRUSTAR Equation.2  ���



	Now we can determine the nodal temperatures as follows:



� INCRUSTAR Equation.2  ���



	Thus, we see that the outer temperature is 45oC, which means that the workers are safe since the temperature of a human body is 36.5oC approximately and a burn in the skin needs 48 to 49oC [Reference 3]!

	Finally we are able to determine the temperature as a function of the radius of the pipe yielding:



� INCRUSTAR Equation.2  ���



	Thus we can now plot the result of these two expressions and see whether it looks suitable or not. The plot appears as Figure 10.



�





Figure 10. Temperature Distribution for our test case.



	A question that usually comes up among the users is: how do you assume r3? Is there any special advise we should follow?



	Well, the answer is in the problem's question itself! We need a small r3 in order to minimize space and therefore, cost. In order to attain a suitable value for r3 (directly related to the thickness of the insulation layer) we need to construct a carpet plot, which will give us a good feel for where the range of thicknesses as well as materials are enclosed in. A carpet plot for our given test case is on Figure 11. Please refer to Appendix B if you are interested in a more in depth analysis of this subject.



����



Figure 11. Carpet plot for our particular test case.



	As a summary of observed results we can enumerate the following:



We will define Safe Temperature as the temperature at which the human skin starts to warm up, i.e. 45oC. This is a conservative design, since the minimum temperature for skin burn is about 49oC (120oF) [Reference 3].

The material chosen as insulator is called Thermo-12® Gold from Schuller Insulation Co. With the characteristics shown in Figure 12.

The thickness of insulation required to set the outer temperature of insulation close to our safe temperature using Thermo-12® Gold as insulator is 4 inch.



�

Figure 12. Thermo-12® Gold thermal Conductivity.



The cost of this amount of insulator per unit foot is $12.27, for the specified thickness.

Safety during installation and maintenance is assured since Thermo-12® Gold is a perfectly safe material which is certified by standard organizations world wide. To see a more detailed specification sheet for this product as well as for other Schuller products, please refer to Appendix C.

As we can see the heat loss is not large (approx. 142 W/m) if we consider that for a regular Asbestos coating, which is hazardous for health and has a very large thermal conductivity (k = 2.08 W/moC), the heat flux per unit length is around 2000 W/m!!



	After all this process we have to decide whether there is a better insulation material available from other companies, which will reduce the thickness of insulation, but at the same time, is the cost going to increase? This equilibrium between performance and budget has always been an important issue in engineering. 

	In this particular case we found several materials with a better temperature handling (up to 1265oC) but at a higher cost. There is though a material that will fit just fine in our case besides Thermo-12 Gold, and that is Alumina-Silica ceramic fiber which has a k = 0.074 W/moC at 400oC. This will affect our problem in the following way:



�q/L = 153.8 W/m

  T3 = 46.0 oC



	The price for this set up is also around the $13.00 per foot, thus the decision must be taken in regard to the heat loss which is 11 W/m higher in the Al-Si ceramic fiber. This can add up to big savings during the pipe's lifetime, therefore, the Thermo-12® Gold is still our best choice.

	With this, we finish our exposition of how an analytical problem should be attacked and solved. This tedious procedure can be avoided by using any of Quick Pipe's versions (depending on the complexity of the geometry) or the DOS version, HEAT32. We hope that you now appreciate how helpful QP is in reducing calculation time , that is, money.
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APPENDIX C

Schuller's Insulation Material Properties

��

�Microlite®

Fiber Glass Duct Wrap Insulation





Description



	Microlite Duct Wrap Insulation is a lightweight, highly resilient, blanket-type thermal and acoustical insulation. 



Applications



	Microlite is recommended as thermal insulation for the exterior of rectangular and round sheet metal ducts in heating or cooling systems. 



Advantages



Saves Energy 

Fire safety. Meets the requirements of NFPA 90A and 90B 

FHC 25/50 and limited combustible 

Resilient and flexible 

Strong, easy to apply 

Durable 

Resists microbial growth 

ISO 9000 certified manufacturing location 









Available Sizes



	Microlite Insulation is available is a variety of densities, thicknesses, widths and roll lengths. It can be supplied plain or with various vapor barrier facings. 



Physical Properties



Moisture adsorption �Less than 0.2% by volume��Alkalinity �Less then 0.6% expresses as Na2O��Corrosivity (with steel, copper or aluminum) �Does not accelerate ��Capilarity (after 24 hours) �Negligible ��Resistance to microbial growth�Does not breed or promote fungi or bacterial growth��Surface burning characteristics (Composite)�FHC 25/50 per ASTM E 84, NFPA 255, UL 723, CAN/ULC S102-M88 ��

Heat Transfer Properties



�

Figure C.1. Thermal Conductivity of Microlite(



�

�Micro-Lok®

Fiber Glass Pipe Insulation





Description



	Schuller Micro-Lok is a rigid, preformed, one-piece fiber glass insulation that offers superior insulating capabilities in applications to 850 degrees F. It has a one-piece "hinged" construction for easy installation. 

 

Applications



	Micro-Lok is designed for use on commercial, power or process lines, where the utmost in insulation thermal resistance, efficiency and appearance is desired. 



Advantages



High insulating efficiency 

Economical to apply 

No-staple seal 

Fire safety. Meets the requirements of NFPA 90A and 90B. 

ISO 9000 certified manufacturing location 



Available Sizes



	AP-T Plus Jacket (pressure Sensitive Lap Sealing System). The AP-T jacket is a high-density, white kraft bonded to aluminum foil, reinforced with fiber glass yarn. The longitudal lap of the AP-T Plus jacket has a pressure sensitive tape lap sealing system. The lap adhesive is protected by a strip of easy-lift release paper with a "dry edge"to permit easy removal during installation. Matching butt strips are furnished in order to totally seal the system, thus elimintating the need for staples. Plain Micro-Lok is available unjacketed where field-installed jacketing is required. 



Physical Properties



Moisture adsorption �Less than 0.2% by volume��Alkalinity �Less then 0.6% expresses as Na2O��Resistance to microbial growth�Does not breed or promote fungi or bacterial growth��Surface burning characteristics (Composite)�FHC 25/50 per ATSM E 84, NFPA 255, UL 723, CAN/ULC S102-M88  ��

Heat Transfer Properties



�

Figure C.2. Thermal Conductivity of Micro-Lok(

�

�Spin-Glas® High Temperature Blanket

High Temperature Fiber Glass Board/Blanket Insulation





Description



	Spin-Glas HTB is a lightweight insulation blanket designed to provide high insulating efficiency for industrial applications. Depending on the application, Spin-Glas HTB is available in two densities. 



 

Applications



For insulating furnaces, boilers, heated vessels, ducts, tanks and other heated equipment. 



Advantages



High insulating efficiency 

Lightweight, low installed cost 

High strength, resistant to vibration 

ISO 9000 certified manufacturing location 



Available Sizes



Thickness (in.): 1", 1 1/2", 2", 3", 4" (1/2" increments) 

Width (in.): 24",36", 48" 

Length (in.): Length determined by thickness 



Heat Transfer Properties



�

Figure C.3. Thermal Conductivity of Spin-Glass HTB.

�

�Thermo-12® Gold

Calcium Silicate Pipe & Block Insulation





Description



	Thermo-12 Gold is a molded, high-temperature pipe and block insulation composed if hydrous calcium silicate. 

 

Applications



	Especially recommended for use in the power generation and process industries on indoor and outdoor piping and equipment operating at temperatures up to 1200 F. 



Advantages



Asbestos-free color coding 

Exceptional strength 

High insulating efficiency 

Easy application 

Fire resistant 

Not damaged by water 

ISO 9000 certified manufacturing location 



Available Sizes



	Thermo-12 Gold comes in a complete selection of sizes up to 24"x4" thick half sections. Pipe insulation is furnished in 3' lengths in thicknesses from 1" through 5" in 1/2" increments. Pipe sizes 25" through 33" are available in quad segments. Thermo-12 Gold block is available in thicknesses from 1" to 5" for application to various flat and curved surface areas. 



Physical Properties



Density (dry) average�15 lb/ft3��Flexural strength�60 psi��Compressive strength�200 psi to produce 5% compression��Linear Shrinkage�1.0% after 24-hr. soaking period at 1200 F ��Surface burning characteristics (Composite)�FHC 0/0 per ASTM E 84, NFPA 255, UL 723, CAN/ULC S102-M88 



��

Heat Transfer Properties



�

Figure C.4. Thermal Conductivity of Micro-Lok(
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APPENDIX D

General List of Insulation Material Properties



��

Material�Tmax [oC]�Temp. Range [oC]�k [W/moC]��Al-Si Ceramic Fiber�1265�160 - 540�0.045 - 0.12��Potassium Titanate Fiber�1200�160�0.048��Diatomaceus Silica�1040�160 - 540�0.096 - 0.111��Mineral Fiber, Rock and Slag�1000�204 - 540�0.085 - 0.111��Perlite, expanded�875�-18 - 540�0.048 - 0.161��Hydrous Calcium Silicate�650�160�0.058��Glass Fiber�540�160 - 430�0.050 - 0.103��Table D.1. Listing of several insulation materials.



	The listing above refers to several insulation materials, which are able to withstand temperatures of 400oC or above. For more characteristics on this products please refer to Reference 8. For materials out of the scope of this study please address to References 6 and 8.

��



APPENDIX E

ASTM Specification Guidelines Data Sheet

��This section outlines several of the ASTM specifications an gives a brief explanation to those which are relevant to the test case solved in this manual.



�C 335�Thermal Conductivity��C 356�Linear Shrinkage��C 411�Hot Surface Performance��C 547�Pipe Insulation��C 585�Simplified Dimensional Standards for Nesting (except 3/4" [19mm] IPS, 1" [25mm] IPS and 1 5/8" [41mm] CT)��C 795�For Use Over Austenitic Stainless Steel (Defiance Material Only)��C 1136�Vapor Barrier Jacketing��Table D.1. ASTM specification numbering.



	The maximum use temperature of an insulating material is that temperature above which it no longer provides satisfactory or effective service as a thermal insulation, when applied under conditions of normal usage. A normal condition implies a non-destructive atmosphere, moderate applied loads, limited vibration and moderate thermal stresses. 

	No single test for determining the maximum use temperature is applicable to all types of insulation or even to any one type of insulation under all possible conditions of use. 

	A brief explanation of several ASTM guidelines follows:



ASTM C 335. Thermal conductivity of pipe insulation.

ATSM C 356. Linear shrinkage of pre-formed high temperature thermal insulation subjected to soaking heat. Micro-Lok pipe insulation shows negligible linear shrinkage and/or warpage after the test period, with the loss in weight not exceeding 10 percent when exposed to the test temperature. 

ASTM C 411. Hot surface performance of high temperature thermal insulation. Micro-Lok insulation does not flame, glow, smolder, crack, de-laminate, or warp after 96-hr. exposure to the heated surface. Our fiber glass pipe insulation can produce smoke, and/or produce an acrid odor during initial heat up. 

ASTM C 585. Inner and outer diameters of rigid thermal insulation, for nominal sizes of pipe and tubing (NPS System). Micro-Lok fiber glass pipe insulation is produced in standard sizes in order to facilitate double layer nesting applications or retrofit at a later date. This practice provides that the inner diameter of any section of insulation is consistent with the outer diameter of pipes and tubes. 

ASTM E 84. Surface Burning Characteristics of building materials. Our fiber glass pipe insulation has a maximum flame spread rating of 25, maximum smoke developed rating of 50, representing an FHC 25/50. 

ASTM C 547. Standard specification for mineral fiber pre-formed pipe insulation. Classes 1, 2 and Class 3 up to 850 deg. F. 

ASTM C 795. Standard specification for thermal insulation for use over austenitic stainless steel.

ASTM C 1136. Standard specification for flexible, low permeance vapor retarders for thermal insulation. 







Quick Pipe - User Manual






(1996, Alfonso Ferrandez for a.o.t.(

� PÁGINA �
5
�













Quick Pipe - User Manual





(1996, Alfonso Ferrandez for a.o.t.(

� PÁGINA �36�











Quick Pipe - User Guide



(1996, Alfonso Ferrandez for a.o.t.(

� PÁGINA �38�











Quick Pipe - User Manual



(1996, Alfonso Ferrandez for a.o.t.(

� PÁGINA �
41
�







Pipe Radial Points



Insulation Radial Points



This lines define how many tangential points this grid has (6).



Thermo-12® Gold k = 0.07W/moC



k values



this values are considering the same 4 in. thickness.










