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2        PREPARING THE PROGRAM INPUT DATA 

==========================================================================

----------------------------

2.1      DATA SUBDIRECTORIES 

----------------------------

2.1.0    Creating (or transferring into) \STRMLINS data subdirectories. 

         If you are not in subdirectory \STRMLINS enter the command: 

           CD \STRMLINS to transfer to \STRMLINS, then enter the command: 

           STR to set the PATH.  Then:

         Related STREAMLINES data files and problem sets can best be col-

         lected in unique data subdirectories to which you assign mean-

         ingful names related to clients, jobs, systems, etc. 

         First or second level data subdirectories can be created.  A 

         first level subdirectory is under the root directory d:\ as 

         d:\datadir.  A second level subdirectory is under d:\STRMLINS as 

         d:\STRMLINS \datadir 

2.1.1    To create (or to transfer into) a first level data subdirectory 

         enter the command: 

           STRDIR <datadir> where "datadir" is a meaningful name you wish 

         to create for this data subdirectory.  Respond: 

           1 to the query for a first or second level data subdirectory. 

         A data subdirectory d:\datadir is created and you are transferred 

         into it to create and to run STREAMLINES problems. 

         Subsequent execution of the command STRDIR <datadir> tests for 

         the presence of a file, DIR1.TAG, thus transferring you directly, 

         bypassing the query. 

2.1.2    To create (or to transfer into) a second level data subdirectory 

         enter the command: 

           STRDIR <datadir> where "datadir" is a meaningful name you wish 

         to create for this data subdirectory.  Respond: 

           2 to the query for a first or second level data subdirectory.

         A data subdirectory d:\STRMLINS\datadir is created and you are 

         transferred into it to create and to run STREAMLINES problems. 

         Subsequent execution of the command STRDIR <datadir> tests for 

         the presence of a file, DIR2.TAG, thus transferring you directly, 

         bypassing the query. 

-------------------

2.2      DATA FILES 

-------------------

2.2.1    Creating New Data Files:

         (Be sure that your files STR.BAT and STRRUN.BAT have been edited 

         to provide access to your text editor.  See 5.0 Program Instal-

         lation.) 

         If you are not in subdirectory \STRMLINS enter the command: 

           CD \STRMLINS to transfer to \STRMLINS, then enter the command: 

           STR to set the PATH.  Then enter the command:

           STRDIR <datadir> to transfer to a data subdirectory. See above. 

         Choose a new data file name <newname.ext>.

         Either

      o  Enter the command:

           STRDAT <newname.ext>.  This automatically copies the data form, 

         STR.DFM, into the empty file and displays it in the text editor 

         ready to be filled in. 

         Or

      o  Copy the data form, STR.DFM, (or an existing data file which is, 

         perhaps, similar to the one you are going to make) into the new 

         file: 

           COPY \STRMLINS\STR.DFM <newname.ext>/V, or

           COPY <xistname.ext> <newname.ext>/V. Then display the data file 

         in the text editor. 

2.2.2    Changing Existing Data Files:

         If you are not in subdirectory \STRMLINS enter the command: 

           CD \STRMLINS to transfer to \STRMLINS, then enter the command:

           STR to set the PATH.  Then enter the command:

           STRDIR <datadir> to transfer to a data subdirectory. See above.

         Choose the existing data file name <xistfile.ext>.

         Either

      o  Enter the command:

           STRDAT <xistfile.ext>.  This automatically displays the file in 

         the editor. 

         Or

      o  Directly display the data file in the editor with a command such 

         as: 

           EDIT <xistfile.ext>  as required for DOS EDIT.

----------------------

2.3      THE DATA FORM

----------------------

         See the input data form STR.DFM, Appendix-A.

         Enter data lines via an ASCII text editor (word-processor) on the 

         screen in the data form provided.  Data lines can be copied, 

         moved, inactivated, reactivated, deleted, and restored. 

         Enter data within the defined fields and, where the double-line 

         field delimiters indicate, omit them thus duplicating the value             

         of any non-blank entry above. 

         Enter data with or without decimal points in integer, decimal, or 

         in engineering exponential "E" format. 

         Any number or combination of blank, comment, page rolling, or ex-

         planation (C,P, or X) lines can be added, copied, moved, or de-

         leted. 

         Except in column one, comments can be added anywhere outside the 

         designated input fields although some such entries may elicit a 

         possible lost data warning message. 

         A line with an asterisk (*) in column one marks the end of a 

         block of data.  All asterisk lines must be retained whether or 

         not a block of data precedes them; there must be fifteen (0-14). 

         The input data items discussed below are printed in boldface. 

---------------------------------

2.4      JOB IDENTIFICATION LINES 

---------------------------------

         Three Job Identification active lines must be entered.  They 

         appear on every page of printed output.  They can be blank.  

         Enter an "X" in column one to reserve (inactivate) spare lines. 

--------------------------------------

2.5      JOB AND PROGRAM CONTROL LINES 

--------------------------------------

         See Section 3.2.

         A Job Control line must be retained.  It is the fourth data line. 

         Enter an "X" in column one to reserve (inactivate) spare lines. 

         A Program Control line must be retained.  It is the fifth data 

         line.  Enter an "X" in column one to reserve (inactivate) spare 

         lines. 

------------------------------------------

2.6      PROBLEM AND NETWORK "GLOBAL" DATA 

------------------------------------------

         One line of data describing solution equation, flowing fluid, un-

         its, and network "global" fluid properties. 

2.6.1    Flow Equation ID, columns 3-5 

         ID Equation               Application

         -- ---------------------  ---------------------------------------

          1 Isothermal (rational)  Air, gases, steam at variable density. 

          2 Weymouth               Gases in very long (miles) pipelines. 

          3 Darcy-Weisbach         Gases and liquids at constant density. 

          4 Hazen-Williams         Water at ordinary temperatures. 

2.6.2    Fluid ID, columns 8-12 

         ID Fluid               Required network "global" property data 

         -- ------------------  ------------------------------------------

          1 Gases:              T, sg(re.air), mu, *MW, & *isentropic.exp.

          2 Air:                T, and *isentropic exponent.

          3 Liquids:            T, sg(re.water), mu, & *vapor pressure. 

          4 Water:              T.

          5 Perfect gases:      T, p, MW, and *isentropic exponent. 

          6 Air as perfect gas: T, p, and *isentropic exponent.

          7 Superheated steam:  T, p, and *isentropic exponent.

          8 Saturated steam:    P, and *isentropic exponent.

                                       * optional.

2.6.3    Dimensional Units ID, columns 15-18 

         English: 

         ID      Flow Pressure Temp Density

         -- --------- -------- ---- -------

          1    lb/sec      psi    F  lb/ft3    Gases or liquids.

          2                  

          2    lb/hr       psi                   "    "    "

          3 * scf/hr       psi                 Gases (or liquids).

              acf/hr        "                    "     "    "

          4 * scf/min      psi                 Gases (or liquids).

              acf/min       "                    "     "    "

          5 * scf/min     inwg                 HVAC applications.

              acf/min       "                    "        " 

          6 * scf/sec      psi                 Liquids (or gases).

              acf/sec       "                    "       "   "

          7   gal/min      psi                 Liquids.

          8   bbl/hr       psi                 Liquids.

            * Standard cubic feet, wgt.

              Actual   cubic feet, vol.

         Metric(SI): 

         ID      Flow Pressure Temp Density

         --  -------- -------- ---- -------

         11    kg/sec      bar    C   kg/m3  Gases or liquids.

         12    kg/hr       bar                 "    "    "

         13 * scm/hr       bar               Gases (or liquids).

              acm/hr        "                  "     "    "

         14 * scm/min      bar               Gases (or liquids).

              acm/min       "                  "     "    "

         15 * scm/min     mmwg               HVAC applications.

              acm/min       "                  "        "

         16 * scm/sec      bar               Liquids (or gases).

              acm/sec       "                  "       "   "

         17     l/sec      bar               Liquids.

         18   (spare)

            * Standard cubic meters, wgt.

              Actual   cubic meters, vol.

2.6.4    Standard or Actual Volume Unit ID (S/A), columns 20-23 

         ID Description

         -- --------------------------------------------------------------

          0 Input (and output) volume units for air and gases are standard 

            (weight) units (scf, scm) re. density at standard atmospheric 

            pressure and 60F (15C). 

          1 Input volume units for air and gases are actual (cubic) units 

            (acf,acm) at the network "global" operating pressure and temp-

            erature.  A conversion is made for standard (weight) output 

            units (scf,scm) unless column 15 of the Job Control line is 

            set to one (1). (See Running and Controlling the Program.) 

2.6.5    Network (Site) Altitude (ft or m above m.s.l.), columns 26-30 

         For the conversion of gauge to absolute pressure and for the ad-

         justment of fan performance characteristics.  (At high altitudes 

         the absolute pressures used in the calculations may seem lower 

         than expected unless the input gauge pressures are adjusted 

         upward accordingly.) 

2.6.6    Network "global" Property Data 

         Network property data are "global" in the sense that if proper-

         ties are not assigned specifically to the nodes, via the Node or 

         Property Table data, the network properties are assigned to all 

         the nodes, thus obviating the need for individual node data en-

         tries if conditions in the network are everywhere more or less 

         the same. 

         For a table showing the program fluid property data structure see 

         Appendix- B. 

2.6.6.1  Pressure (psig or barg), columns 33-37 

         Any representative gauge pressure in the network such as an aver-

         age, a design, or a working pressure. 

         Used to find: Den. Visc. Pvap                      Den. Visc. 

         *    Gas (1):  -     x     -      Perfect gas (5):  x     -

              Air (2):  x     -     -      Air as p.g. (6):  x     -

           Liquid (3):  -     -     -      Suph. steam (7):  x     -

            Water (4):  -     -     -       Sat. steam (8):  x     -

         *  An "x" in these tables indicates that the subject property is 

         required for that fluid in order for the program to find the pro-

         perty noted in its column heading. 

2.6.6.2  Temperature (F or C), columns 39-43 

         Any representative or average temperature in the network.  The 

         temperature at which properties in the Property Table, if any, 

         are looked up. 

         Used to find: Den. Visc. Pvap                      Den. Visc. 

              Gas (1):  x     -     x      Perfect gas (5):  x     -

              Air (2):  x     -     -      Air as p.g. (6):  x     x 

           Liquid (3):  x     -     -      Suph. steam (7):  x     x 

            Water (4):  x     x     -       Sat. steam (8):  x     x 

2.6.6.3  Specific gravity (re. air or water), columns 45-50 

         Used to find: Den. Visc. Pvap                      Den. Visc. 

              Gas (1):  x     -     -      Perfect gas (5):  -     -

              Air (2):  x     -     -      Air as p.g. (6):  -     -

           Liquid (3):  x     -     -      Suph. steam (7):  -     -

            Water (4):  -     -     -       Sat. steam (8):  -     -

         Aqu.sol. (4):  x     -     -

         (Density is not a part of the network input data.  The density in 

         the network is found from network pressure, temperature, and spe-

         cific gravity.) 

2.6.6.4  Viscosity (cps), columns 52-58 

         The average network viscosity for liquids and gases. 

         Used to find: Den. Visc. Pvap                      Den. Visc. 

              Gas (1):  -     x            Perfect gas (5):  -     x 

              Air (2):  -     x            Air as p.g. (6):  -     - 

           Liquid (3):  -     x            Suph. steam (7):  -     - 

            Water (4):  -     -             Sat. steam (8):  -     -

2.6.6.5  Vapor Pressure (psia or bars), columns 60-65 

         Used to find: Den. Visc. Pvap                      Den. Visc. 

              Gas (1):  -     -     -      Perfect gas (5):  -     -

              Air (2):  -     -     -      Air as p.g. (6):  -     -

           Liquid (3):  -     -     x      Suph. steam (7):  -     -

            Water (4):  -     -     -       Sat. steam (8):  -     -

2.6.6.6  Molecular Weight, columns 67-72 

         Used to find: Den. Visc. Pvap                      Den. Visc. 

              Gas (1):  -     -     -      Perfect gas (5):  x     -

              Air (2):  -     -     -      Air as p.g. (6):  x     -

           Liquid (3):  -     -     -      Suph. steam (7):  -     -

            Water (4):  -     -     -       Sat. steam (8):  -     -

2.6.6.7  Isentropic exponent (gases only, optional), columns 74-79 

         Required only for calculating the critical pressure ratio and the 

         speed of sound in the fluid.  For use in the Mach number warning 

         determinations.  (Air= 1.4) 

-------------------------------

2.7      NOTES ON PRESSURE DATA 

-------------------------------

         Pressures can best be interpreted as total (or stagnation) gauge 

         pressures, Pt, referred to (measured at) the node elevations, 

         i.e., Pt = Ps +Pv  where Ps is the "static" pressure and Pv is 

         average velocity pressure. 

         The program deals exclusively with total pressures unless in-

         structed to interpret pressures as "static" via the entry of an 

         "S" to replace the "T" on the Job Control line in column two (2). 

         See Section 3.2. 

         Pt is the pressure that a total pressure gauge indicates when lo-

         cated at the elevation of the pipe (horizontal) centerline while 

         sampling an average stream velocity. Pressures substantially dif-

         ferent from this may be encountered in "real" pipes, away from 

         the centerline when the pipes are large and when fluids are 

         dense, and even on the centerline when the velocity profile, 

         commonly assumed to be plane, is not--as is always the case. 

         Where Pv is small or insignificant, as in reservoirs, tanks, 

         lakes, rooms, plena, etc. and at low flows or with low density 

         fluids (gases) static pressures for input to the program can be 

         safely taken to be the same as total pressures. 

         If unusual accuracy is wanted where velocities and densities are 

         high include an estimate of the velocity pressure, Pv, in the 

         assigned total pressure input.  (Enter static pressure values, 

         run the program, and use the output velocity pressures to augment 

         the input static values before making a final program run with 

         the new total pressures.) 

         To find static pressures if needed subtract the velocity pressure 

         from the output total pressure (or vice versa).  (A column in the 

         Link Result Table has not been reserved for the other pressure.)

Pumps often pose a problem if their external operating constraints are undefined. Pumps need to “know” what is expected of them. The node inputs defining the conditions at the suction and discharge must define either the operating pressure rise or must define one pressure (at suction or discharge) and one pump flow.   

-----------------------------------

2.8      JUNCTION NODES AND DEVICES 

-----------------------------------

2.8.1    Node and device data describe pressures, flow, and operating 

         characteristics.  (Node property data are entered under Node Ele-

         vation and Property Data below.) 

         Data are entered for every node in the network.  Except for the 

         node numbers and data for node types 3 to 11, entries left blank 

         take the value of the entry above in the same data field. A blank 

         entry in the first row or line of data is interpreted as zero. 

2.8.2    STREAMLINES recognizes Device Nodes by means of their input data 

         sequence and, internally, by means of an input node type number. 

         Each block or type of device data is ended with an asterisk (*) 

         line which must be kept, even though there are no devices of the 

         type in the network. There are fifteen (0-14) asterisk lines, the 

         last three of them associated with Elevation, Link, and Property 

         Table data. 

2.8.3    Junction Nodes 

         Type   Node Characteristic

         ----   -------------------

2.8.3.1    -1   Flow/pressure Node 

         A Junction Node to which a fixed pressure is assigned with a 

         fixed value of external flow (entering supply (-) or leaving load 

         or demand (+)) and at which the program balances the net flow. 

         Use only one such node per network.  Good in a network with no 

         other fixed pressure point. 

2.8.3.2    +1   Flow Node 

         A Junction Node to which an estimated pressure is assigned with a 

         fixed value of external flow (entering supply (-), or leaving 

         load or demand (+)) and at which the final pressure is calculated 

         and the program balances the net flow.  Every network should have 

         at least one such node.  Problems with no flow nodes are solved 

         directly, that is, without iteration. 

2.8.3.3     2   Pressure Node 

         A Junction Node to which a fixed pressure is assigned; and at 

         which the program calculates the external flow, if any.  Networks 

         with no pressure nodes are balanced for flow but are pressure in-

         determinate. 

2.8.4    Device Nodes 

2.8.4.1     3   Pressure Regulator 

         A device to which an estimated inlet pressure and a fixed outlet
         pressure are assigned and at which the program calculates the net 

         flow and the inlet pressure. 

         In cases where the inlet pressure is found to be lower than the 

         outlet pressure the device is considered to be a pump or fan with 

         a fixed discharge pressure and the fluid horsepower is calcula-

         ted.  

2.8.4.2     4   Back Pressure Regulator 

         A device to which a fixed inlet pressure and an estimated outlet 

         pressure are assigned and at which the program calculates the 

         flow and the outlet pressure. 

         In cases where the outlet pressure is found to be higher than the 

         inlet pressure the device is considered to be a pump or fan with 

         a fixed inlet pressure and the fluid horsepower is calculated.  

2.8.4.3     5   Differential Pressure Regulator 

         A device to which an estimated inlet pressure and a fixed dif-
         ferential pressure (+drop, -rise) are assigned and at which the 

         program calculates the net flow and both the inlet and outlet 

         pressures. 

         In cases where the inlet pressure is lower than the outlet pres-

         sure the device is considered to be a pump or fan  with a fixed 

         rise and the fluid horsepower is calculated. 

2.8.4.4     6   Check/Relief Valve or Damper 

         A device to which an estimated inlet pressure and a minimum 

         pressure differential (drop) required to open the valve are spe-

         cified and at which the program calculates the flow and both the 

         inlet and  outlet pressures.  Potentially negative flow is set to 

         zero.  While open the specified pressure differential is main-

         tained. 

2.8.4.5     7   Flow Regulator or Controller 

         A device to which an estimated inlet pressure an estimated outlet 
         pressure and a fixed flow (positive or negative) or a maximum  

         controlling flow (positive or negative) are assigned and the 

         program calculates both the inlet and outlet pressures. 

         If the flow is to be controlled at a maximum value a wide open 

         valve Cv is specified so that the flow and pressure drop at less 

         than the controlled flow can be calculated with the controller 

         wide open.  Enter the valve Cv in appropriate problem units:

         Flow (at SG and tF) per unit dP. 

         A critical flow factor, Cf, can be specified; the default is 1.0. 

         In cases where the inlet pressure is found to be lower than the 

         outlet pressure the device is considered to be a pump or fan with 

         a fixed capacity and the fluid horsepower is calculated. 

2.8.4.6     8   Flow Function 

         A function at which P1 - P2 = C1(Flow /C2)X, and to which an es-

         timated inlet pressure an estimated outlet pressure are assigned 

         and where the constants, C1, C2 and the exponent, x, are entered 

         and at which the program calculates the flow and the inlet and 

         outlet pressures.  This function can be used to model various 

         unusual flow devices. C1, C2, and x can be negative. 

         a.  As a diff. press. function:  P1 - P2 = C1(Flow /C2)0 

         b.  As a linear function:        P1 - P2 = C1(Flow /C2)1 

         c.  As a non-linear function:    P1 - P2 = C1(Flow /C2)1.85 

         Placed at a link-end this function can represent sprinklers, 

         sprays, diffusers, air operated tools, louvers, foot-valves, etc. 

         In cases where the inlet pressure is found to be lower than the 

         outlet pressure the function is considered to be a pump or fan 

         and the fluid horsepower is calculated. 

2.8.4.7     9   Energy Expending Device, Pump or Fan 

         A device to which an estimated inlet pressure an estimated outlet 

         pressure are assigned and at which fluid inlet temperature, wheel 

         speed ratio (positive) or wheel diameter ratio (negative), a den-
         sity indicator, and a characteristic (performance) curve are 

         specified and at which the program calculates the flow, the inlet 

         and outlet pressures, and the fluid horsepower.  The device is 

         always assumed to have an internal check valve. 

         The temperature of the fluid entering the pump or fan can be spe-

         cified and the value supersedes all other temperature assignments 

         to this node. 

         Wheel speed (positive) or diameter ratios (negative) of +1.00 are 

         associated with the performance curve as entered.  Values other 

         than 1.00 cause the program to adjust the performance curve for 

         wheel speed or diameter so that the effects of such changes can 

         be studied. Size or diameter ratios strictly refer to the overall 

         size of the pump or fan.  However, for small changes (say less 

         than 5%) the result represents changing the wheel size only as in 

         shaving the diameter of a pump impeller. 

         The performance curve data can be entered for standard conditions 

         (gases- 1atm/60F, liquids- 60F, density indicator= 1) as though 

         from a manufacturer's specification in which case the program 

         adjusts the curve to the system operating density at the speci-

         fied inlet temperature and, for gases, the operating pressure. 

         Alternatively the data can be entered for actual system operating 

         Conditions (density indicator= 0) as though from measurements 

         made in the field in which case the curve is taken without 

         alteration and the specified inlet temperature is for reference 

         only. 

         For gases the curve is readjusted for inlet density at every cal-

         culation iteration and the final curve is printed in the Node Re-

         sult Table. 

         Performance curve data (six points): 

                  Flow entries in ascending order.

                  Pressure rise (not head) entries in descending order.

         Point 0- Not input; assigned for "shut-off" by the program. 

         Point 1- The pressure rise can be near the shut-off pressure 

                  rise.  This flow can be near, but not zero. 

         Point 2- The flow should be the minimum stable operating flow; as 

                  at the crest of  a rising and then falling character-

                  istic.  Results below this flow produce a warning. 

         Point 3- Discretionary.

         Point 4- Discretionary.

         Point 5- Discretionary.

         Point 6- The flow should be the maximum acceptable run-out op-

                  erating flow; results beyond this flow produce a 

                  warning. 

         Typical Pump Characteristic:

         P 100.00 +    +    +    +    +    +    +    +    +    +    +    +

         r        0    1    2
         e  80.00 +    +    +    +    3    +    +    +    +    +    +    +

         s        +                              

         s  60.00 +    +    +    +    +    +    +    4    +    +    +    +

         .        +                                                         

            40.00 +    +    +    +    +    +    +    +    +    5    +    +

         r        +     

         i  20.00 +    +    +    +    +    +    +    +    +    +    + 6  +

         s        +     

         e   0.00 +----+----+----+----+----+----+----+----+----+----+----+

                  0   100  200  300  400  500  600  700  800  900  1000

                  Flow

         The program assigns a "shut-off" point (0) and then extends the 

         performance curve into the second and fourth quadrants always to 

         guarantee a problem solution.  All second quadrant solutions are 

         reduced to zero flow at "shut-off" rise; all fourth quadrant so-

         lutions produce an error message.  Solutions are possible with a 

         negative rise at large flows. 

         For variable density fluids the program calculates a new perfor-

         mance curve for new inlet conditions at each iteration. 

         Pump/Fan Characteristic Notes:

         o Flat Trajectory

Where a characteristic is very "flat" the program may have trouble with convergence owing to the high sensitivity of the flow to small adjustments in the pressure rise.

         For non-converging solutions falling in this range of the charac-

         teristic the pump or fan can be re-defined as a differential 

         pressure device (Type-5) with a fixed pressure rise in the range 

         of interest, i.e., a fixed head pump or fan.  So that its data is 

         not lost "X"-out the three lines for the pump or fan and activate 

         a data line for a Type-5 differential pressure device with the 

same node ID.

For non-converging pump solutions which are the result of the mis-definition of external operating conditions see Section 2.7. 

         Type   Node Characteristic

         ----   -------------------

2.8.4.8    10   Energy Producing Device, Motor or Turbine 

                (Programming is incomplete.) 

2.8.5    Device Nodes must be placed in the network following a Junction 

         Node of lower number and preceding one of higher number in order 

         to define the positive flow direction; such nodes cannot be con-

         tiguous and, except for Flow Functions, cannot be at the 

         beginning or end of a link: 

                                   [   ]--+

                                     |    |

                                          |

                  ----->  3  -----> 10  --+--> 26  -----> 

--------------------------------------

2.9      NODE ELEVATION AND PROPERTIES 

--------------------------------------

2.9.1    Node Elevation Data (ft or m) 

         No elevation data need be entered.  All elevations can be zero or 

         blank. Elevations refer to the site or network altitude as datum. 

         In the output the elevation of each node is presented as the sum 

         of the elevation entered here and the site altitude.

Note: Elevation data can be important when dealing with fluids and its omission is a common cause of failure of the calculations to converge.

2.9.2    Node Property Data (temp., density, viscosity, vapor-pressure) 

         Node property data supersede network "global" data but only for 

         the nodes for which property data are entered. Thus, data need be 

         entered here only for those nodes whose properties differ from 

         the network data. 

         Node property data are superseded by Property Table data.

2.9.2.1  Node temperature (F or C) 

         The temperature at which properties in the Property Table, if 

         any, are looked up. 

2.9.2.2  Node density (lb/ft3 or kg/m3) 

2.9.2.3  Node viscosity (cps) 

2.9.2.4  Node vapor-pressure (psia or bars) 

         For liquids only. 

--------------

2.10     LINKS 

--------------

2.10.1   A link is a conduit or stream connecting nodes.  A link can be of 

prismatic, circular, rectangular, or other cross section for which the length, the equivalent length as L/D, the friction loss co-efficient Kt, the flow coefficient Cv, and the absolute roughness are known.  Every link has a name, not necessarily 
unique, comprising its end node integers in either order (flow in a link from the node with the smaller number to the node with the larger number is taken to be positive (+) flow). 

2.10.2   Data are entered for every link.  Except for node numbers, data 

         left blank take the value of the entry above in the same column. 

    1    The node number at the upstream end. 

    2    The node number at the downstream end. 

    3 a  The circular conduit inside diameter (in or mm); or

      b  The rectangular conduit inside width (in or mm); or

      c  The negative of the irregular conduit wetted perimeter (in or 

         mm).  Or: 

    4 a  Zero; or

      b  The rectangular conduit inside height (in or mm); or

      c  The irregular conduit flow area (in2 or mm2). 

    5    The actual (or equivalent) centerline length (ft or m). 

    6    The sum of all the values of L/D included in the link. 

    7    The sum of all the values of fully-turbulent loss coefficient,

         Kt, included in the link. 

         L/D and Kt can be negative but not so negative as to produce a 

         negative equivalent length when combined with the actual length 

         and with Cv. 

    8  o The reciprocal of the sum of the reciprocals of all the values of 

         the fully-turbulent flow coefficient, Cv, included; or 

       o The negative of the number of identical parallel paths comprising 

         the link (as, many heat exchanger tubes in a bundle). 

         Cv (as Cv) must be converted to and entered in gpm water at 60F 

         per psi no matter what the units of the case at hand:

         Cv = Q (SG /dP)1/2
         The program does no more than to convert this value of Cv to a 

         dimensionless value of K according to the relation:

         K = 894 d4 /Cv2 See [1.12.1, p.2-10] and [1.12.6, pp.1 ff.]. 

    9  o The absolute roughness (ft or mm); or

         The Hazen-Williams coefficient, C. 

   10    A code indicating whether a link is open (0) or closed (1). 

2.10.3   Closing Links 

       o Links may be "closed" (shut-off) by entering a "1" in the last 

         data column of any link in the link data.  If this column is zero      or blank the link is "open". Such entries do not make orphans of   
         nodes.  

       o Links can be "closed" (shut-off) by removing them, e.g., by 

         "C-ing" or "X-ing" them out in the link data file. Any nodes thus 

         orphaned will evoke warnings but may not prevent convergence to a 

         solution. Orphaned nodes can themselves be "X-ed" out in the Node 

         Data if necessary.  Removing links without removing orphaned 

         nodes may unexpectedly produce "new" networks. 

         A closed link has zero flow and produces flows (small) within the 

         flow (balance) criterion in links in single series with it.

         A closed link entering or leaving a device has its network end 

         pressure assigned to its device end.  They are the same. 

         A closed link between two junction nodes has a network pressure 

         at each end.  They are different. 

A flow node orphaned by removing links is "balanced" by reassigning a zero external flow. 

--------------------------------------------------

2.11     NOTES ON FRICTION LOSS DATA (L/D, Kt, Cv) 

--------------------------------------------------

         Be aware that pressure loss estimates made by any calculation 

         whatever may be inaccurate (deviate from actual final conditions) 

         by as much as five or ten percent (plus or minus) even though 

         careful attention has been paid to the source and accuracy of the 

         input friction loss data.  This is especially true if so-called 

         "form" losses are high in relation to "straight pipe" losses or 

         if the interior condition of the conduit is not well known.  This 

         awareness leads to a temptation to apply "safety" or "fudge" 

         factors to input data, and sometimes even to intermediate re-

         sults, leading to answers that can be grossly, but not obviously,

over-conservative.   STREAMLINES adds no factors and it is 

         recommended that factors not be applied to input values.*  The 

         proper place for applying judgment is to the final result.  

         * An obvious exception to this would be the judgment exercised 

         in selecting an input value for absolute roughness or the Hazen-

         Williams constant, C.  

         The use of any program to estimate the flows and friction losses 

         cannot improve upon the values of the input data entered for L/D, 

         Kt, and Cv.   Because of the complexity of the available data and the diversity of interpretation properly applied to it by the experienced engineer no attempt is made to include calculations or tables for these items within STREAMLINES.   Further, it is doubtful whether such data should be included in a proper engineering program owing to the serious limitation it then places on the identification of sources and the engineer's ability to evaluate their reliability.  

         The data are available in large numbers of widely scattered and 

         imperfectly correlated scientific, technical, and commercial 

         sources for a vast diversity of shapes, sizes, devices, and conditions of flow.   If accuracy is wanted ensure that the data selected for input to STREAMLINES are representative of the problem conditions especially in regard to size, roughness, and Reynolds' number.   Wherever possible the source references should be consulted.  

         Keep in mind that Kt and Cv vary widely with size, and that L/D 

         varies widely with flow condition (friction factor and Reynolds' 

         number).   STREAMLINES continually corrects values of L/D for 

         changing friction factor.  

         STREAMLINES requires input values of L/D, Kt, and Cv represent-

         tative of fully-turbulent flow.   Published values for other flow 

         conditions should be reduced to those representative of turbulent 

flow for entry into the program.  

         Values of L/D and Kt must refer to changes produced in total (not 

         static) pressure, that is, strictly to irrecoverable (friction) 

         losses.   Some references publish values of "K" for so-called 

         static pressure "losses" or changes wherein "K" can even be neg-_

         tive, e.g., in cases of static "regain".   Many references simply 

         do not specify the basis for "K".  

         Some commercially published values for friction loss data may be 

         made arbitrarily high to provide margins of safety especially in 

         regard to the determination of adequate head requirements for 

         pumps or fans.   Such values can be used with proper judgment 

         when sizing pumps and fans.  

         Where better information is required, however, as in problems in-

         volving the accurate balancing of flows or where so-called form 

         losses are high in relation to the straight pipe losses, all loss 

         data should be critically evaluated.   

         At nodes and link-ends where form losses have been specified and 

         where the flow velocity changes significantly care must be taken 

         to associate the appropriate loss value with the correct veloci-

         ty.   See Equation 2-5, pg.  2-10 [1].  

-----------------------

2.12     PROPERTY TABLE 

-----------------------

2.12.1   For fluids other than air, water, or steam, and for node proper-

         ties which must be specified in more detail, than the network         "global" data assignments allow, the Property Table is available.  

         In it ten temperatures and their associated density, viscosity, 

         and vapor-pressures can be entered.  Using the editor any number 

         of these files can be built up and saved under identifying names 

         for different fluids and inserted into the STREAMLINES data form 

         for any problem as required.  The Property Table follows the Link 

         data as the last input data block.   It can be omitted.  

         Property Table data supersede all other node property assignments 

         made by the network "global" entries or by entries made in the 

         Node Elevation and Property Data.   The temperature, of course, 

         must be known at each node and must be in the Elevation and Pro-

         perty Data for each node.   Given the node temperature the other 

         properties (density, viscosity, and vapor pressure) are found by 

         means of parabolic (LaGrangian) interpolation in the Property 

         Table.  Extrapolation is not permitted. 

         Enter three (min.) to ten (max.) ascending values of temperature 

         followed by corresponding entries for density, viscosity, and va-

         por pressure on the succeeding lines.  Entries beyond the 

         required minimum (3) can be blank or zero.   Be sure that the 

         temperature range includes all values anticipated in the solution 

         of the problem.   For example: 

           C Table data- SAE 10 lubricating oil.

           C -----1 -----2 -----3 -----4 -----5 -----6 -----7 -----8 -----9 ----10

              50     60     70     80     90.   100.   000.   000.   000.   000.  temp.

   54.75  54.64  54.53  54.42  54.30  54.19 000.   000.   000.   000.  dens.

             150.0  100.0   67.0   47.5   38.0   31.0  000.   000.   000.   000.  visc.

             000.   000.   000.   000.   000.   000.   000.   000.   000.   000.  vprs.

           * 14

2.12.2   In the editor Property Tables may be "cut" from the data file and 

         "pasted" to create a library of tables for many fluids which can 

         later be "cut and pasted" back into future data files.   A file, 

         for example SAE10LUB.TBL as above, could be created or a single 

         file, LUBEOILS.TBL, started to contain data for many different 

         oils and spanning different temperature ranges.   Make files for 

salt water, for ethylene glycol, for kerosene, blood, etc. if these are fluids you encounter frequently.  Follow the rules for your particular editor. 

--------------------------

2.13     MULTIPLE NETWORKS 

--------------------------

2.13.1   STREAMLINES will simultaneously solve nine (9) indepen-dent networks, that is, networks with no common link.   Thus, several cases of a single problem can be solved in a single computer run.   There are many examples of this in the sample problems provided.  

2.13.2   Separate networks are useful in simple "sizing" exercises.  

         Separate, two-node links can be specified each with a different 

         diameter but all with the same flow.   In a single run 

         STREAMLINES will find the pressure loss and the flow conditions 

         in each.   Save such a data file and change a few entries 

         whenever you have a duct or pipe sizing problem to run.  

__________________________________________________________________________
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