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1        ABSTRACT 

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

1.0      STREAMLINES models the steady-state flow of homogeneous Newtonian 

         fluids in duct and piping lines, loops, trees, and networks. This 

         program is designed for use by engineers and designers. Although 

         easy to learn and straightforward to run it is not for the office 

         boy. STREAMLINES does a professional job with professional tools. 

         No data are concealed within STREAMLINES. The reference document-
         tation contains many tables and graphs of fluid thermo-physical 

         properties, flow coefficients, pipe and fitting data etc., but 

         STREAMLINES contains no hidden "default" values (with the excep-
         tion of the molecular weights of air and water). All input data 

         selections are the responsibility of the engineer and are 

         published with the program output. 

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

1.1      CAPABILITIES 

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

1.1.1    STREAMLINES handles: 

      o  Collections of single stream lines to a maximum of 100 per prob-
         lem. 

      o  Branching "tree" and converging "root" systems.

      o  Networks comprising 100 junctions (nodes) and 100 lines (links).

      o  Multiple networks per solution run (e.g., simultaneous versions 

         of a single problem with one or more variations). Good for pipe 

         and duct sizing. 

      o  Constant (liquid) or changing (gaseous) density flow (but not 

         classical compressible or flashing flow). 

      o  Darcy-Weisbach, Hazen-Williams, Weymouth, or isothermal flow eq-
         uations. 

      o  English or SI units.

      o  Laminar, critical, transition, and fully-turbulent flow regimes.

      o  Junction (node) temperature, density, viscosity, and vapor-pres-
         sure data inputs. 

      o  Line (link) valve and fitting friction loss characteristics spe-
         cified by any combination of actual length, L/D, Kt, and Cv. 

o  Lines of circular, rectangular, or irregular cross section.    (Weirs, flumes, open channels, etc. must be treated outside the program.) 

      o  Site altitude and junction elevations. 

      o  Stand-pipes and elevated tanks.

      o  External supply and demand flows at junctions and line ends. 

      o  Reservoirs and open or pressurized tanks (but with fixed surface 

         elevations and constant pressures). 

      o  Calculated values of density and viscosity for air, water, and 

         for saturated and superheated steam. 

      o  Data files for the variation of other fluid properties with tem-
         perature can be accumulated and reused on demand. 

      o  The following devices: 

         - Pressure regulators.

         - Back-pressure regulators.

         - Differential pressure regulators (fixed pressure rise pumps) 

         - Check-relief valves or dampers.

         - Flow regulators (fixed flow pumps).

         - Flow controllers using the Cv concept for liquids, gases, and 

           steam, reference [6].
         - Flow functions of the form P1-P2 = C1 (Flow/C2)X to represent 

           filters, strainers, dampers, and unusual equipment items. When 

           used at a link-end sprinkler heads, sprays, nozzles, air tools, 

           etc. can be represented.

         - Pumps and fans individually and in parallel and series with 

           parabolic interpolation in a seven-point characteristic curve 

           corrected for inlet density at all stages of the calculation; 

           wheel size and speed changes.

      o  Lines of differing resistance in parallel between any two nodes.

      o  Multiple identical lines in parallel, e.g., 18,000 heat exchanger 

         tubes. 

      o  Network lines designated as either open or closed. 

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

1.2      OBSERVATIONS 

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

1.2.1    Dimensional Units- A range of English and SI units are offered 

         for flow (See input data) and for pressure and length. The output 

         units are the same as the input units: no conversions are avail-
         able. 

1.2.2    Changing Density Flow- Change of fluid density with pressure and 

         temperature is handled.  Line pressure drops greater than 40% 0f 

         the absolute upstream pressure are flagged in output.  Compress-
         ibility factors are not used. 

1.2.3    Steam Flow- Saturated steam is always assumed to be saturated so 

         that insofar as the actual steam condition is close to the sat-
         uration line the results will be accurate. Thus, lines whose los-
         ses tend to maintain saturation as the pressure falls will be mo-
         deled correctly except for small changes resulting from small 

         volumes of attendant condensate. 

         Saturated steam flows across large pressure drops, as at control 

         valves and orifices, will not be modeled accurately insofar as 

         the steam condition downstream has moved into the superheat zone. 


1.2.4    Flashing Flow- The losses associated with flashing flow must be 

         represented by assigning appropriate values to L/D, Kt, and Cv. 

         This may involve trial runs to arrive at a reasonable choice of 

         values. 

1.2.5    Open-channel Flow- Partially filled lines described by entering 

         the wetted perimeter and the cross sectional area will be modeled 

         correctly in those cases where the slope of the free liquid sur-
face remains parallel to the slope of the channel, i.e., where the flow undergoes no net acceleration.  Situations deviating from this ideal might be handled by breaking the channel into smaller lengths. 

         Changes owing to transitions between sub- and super-critical flow 

         (hydraulic jumps) are outside the scope of the program. 

1.2.6    Branching and Converging Flow- The program does not handle the 

         dependence of branch loss coefficients on the ratio of the 

         branching flows themselves (an iterative process).  Estimates can 

         be made for such losses and care applied in associating them with 

         the appropriate flow velocities.  The result can be studied and 

         adjustments made for a subsequent computer run if more accuracy 

         is desired, i.e., by applying an iteration or two "outside" the 

         program. 

1.2.7    Nozzles and Orifices- Orifice coefficients can be modeled only 

         insofar as their characteristics can be represented by values as-
         signed to L/D, Kt, and Cv. 

1.2.8    Flow Control Valves- The effects of possible laminar flow in 

         control valves is not taken into account. Similarly, the effects 

         of unusually high or low viscosity are not considered. 

         For air, gases, and steam the first derivative of the flow with 

         respect to pressure drop is based on the simpler of the two flow 

         equations given in Reference [6]. 

1.2.9    Machine Efficiencies- Pump, fan, and motor efficiencies are not a 

         part of the input to the program. The program calculates only the 

fluid power to which the engineer must apply the machine effi-ciencies.
1.2.10   Data Tables- STREAMLINES is general and contains no internal 

         tables of pipe characteristics, fittings, and valves and their 

         loss coefficients. The engineer should choose his own values from 

         appropriate sources using his experience and judgement in their 

         selection. See Section 2-11. 

1.2.11   Natural Draft- The program does not model drafts driven by 

         density differences in relation to a given datum. 

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

1.3      TESTS 

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

         STREAMLINES has solved many test problems.  Many of these are 

         included with this package and can be run and verified: 

1.3.1    More than twenty five of the sample problems in Crane Company, 

         Technical Paper, No. 410, (1988) including examples for air, 

         gas, water, steam, and oil. See Appendix D. 

1.3.2    The example in Cameron, Hydraulic Data, 15th ed., 1977, pg. 3-9. 

         See Appendix E. 

1.3.3    Seven of the network and tree problems in Featherstone and Nal-
         luri, Civil Engineering Hydraulics. See Appendix D. 

1.3.4    Three of the reservoir problems in Rouse, Engineering Hydraulics.

1.3.5    All of the sample problems distributed with this package.

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

1.4      MODE OF USE 

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

         The engineer names an input data file and automatically incor-
         porates into it the STREAMLINES data form.  The data form,  serving virtually as the only required manual, is filled in using an ASCII editor or word processor, problem related comments and 

         notes being added at will; and unused data lines being disabled or deleted. The input data is then filed. 

         STREAMLINES is run. The engineer interactively controls aspects 

         of the iterative process such as pause points and convergence 

         criteria. 

         The output file is inspected in the editor and, if satisfactory, 

         can be printed. 

         If changes are wanted the data file can be re-edited, filed, and 

         another run made. 

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

1.5      NETWORK CHARACTERISTICS
--------------------------------

1.5.1    A network is composed of junctions (nodes), devices (also nodes), 

and the flow lines (links) connecting them. STREAMLINES may contain more than one distinct network and counts as distinct those having no interconnecting links. Distinct networks cannot contain common node names but must share common solution equations, dimensional units, and fluid conditions and properties.
1.5.2    A node is a point at which at least one link begins or ends. Ev-
ery node has a unique name which is an integer.  Nodes are either end, junction, or device nodes. 

         Junction nodes are pressure nodes, flow nodes, or one (optional) 

         flow/pressure node. 

         Device nodes are requlators, pumps, fans, etc. Except for dis-
         charge functions, device nodes are always between two junction 

         nodes, not at a link-end. 

         Associated with every node can be elevation above a datum, tem-
         perature, density, viscosity, and vapor-pressure. 

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

         circular, rectangular, or other cross section for which the length, the equivalent length as L/D, the friction loss coefficient 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 a node with the smaller number to the node with the larger number is taken to be positive (+) flow. 

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

1.6      NODES AND DEVICES 

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

1.6.1    Pressure Nodes
         Associated with every pressure node is a single value of pressure 

         which remains fixed.  Flow external to the network is calculated. 

         Pressure nodes are not a part of the iterative network solution; 

         they are not in the matrix.  None are required for a network so-
         lution but at least one is strongly recommended. 

1.6.2    Flow nodes 

         Associated with every flow node is an initially estimated pres-
         sure (to be refined in calculation) and a single value of exter-
         nal flow which remains fixed.  The external flow can be leaving 

         the network (+, a load) or entering (-, a supply), or zero.  The 

         net sum of the link and external flows is reduced substantially 

         to zero via the iterative network solution.  None are required 

         for a network solution; a solution without such nodes is direct, 

         that is, it is calculated in one "pass" without iteration. 

1.6.3    Flow/pressure nodes 

         Associated with the (one, optional) flow/pressure node is a sin-
         gle value of pressure which remains fixed and a single value of 

         fixed external flow. The net sum of the link and external flows 

         is reduced substantially to zero via the iterative network solu-
         tion. Only one such node is allowed per network.  One such node 

         in an otherwise pressure indeterminate network will "pin" the 

         pressure to a required or selected value. 

1.6.4    Devices 
         Associated with every device are two values of pressure, P and 

         P', and one of internal flow any of which can be estimated or 

         fixed depending upon the function of the device.  No external 

         flows can be defined at devices. 

1.6.4.1  Pressure Regulators 

         Devices at which the downstream pressure is defined and fixed. 

1.6.4.2  Back-pressure Regulators 

         Devices at which the upstream pressure is defined and fixed. 

1.6.4.3  Differential Pressure Regulators 

         Devices at which the pressure differential across the device is 

         defined and fixed.  Pressure drops are positive (+) and pressure 

         rises negative (-). 

1.6.4.4  Check/relief Valves or Dampers 
         Devices at which potentially negative flow is set to zero and for 

         which positive flow is zero below a defined pressure drop. 

1.6.4.5  Flow Regulators and Flow Controllers 

         Devices at which the flow is defined as fixed (regulator) or as a 

         maximum (controller). Choked flow is recognized. 

1.6.4.6  Flow vs. Pressure Devices
         Devices whose flow characteristics are of the form P1 - P2 = C1 x 

         (Flow /C2)X such as strainers and absolute filters. When used at 

         a link-end sprinkler heads, spray nozzles, diffusers, and air 

         operated tools can be represented. 

1.6.4.7  Pumps and Fans 

         Devices for which a base performance characteristic (curve) is 

         defined and for which wheel size and speed ratios can be spe-
         cified and for which potentially negative flow is set to zero 

         (internal check valves or dampers are assumed). 

1.6.4.8  Motors and Turbines 
         Devices which are not yet defined.
-------------------------------------

1.7      AVAILABLE SOLUTION EQUATIONS 

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

1.7.1    Isothermal equation for the variable density flow of air, gases, 

         and steam. 

              | 144 g A2             (P12-P22)| 1/2

         W =  |-------------------------------|         ([1], Eq.1-6)

              | V1(f L/Dh +2loge(P1/P2)) P1 |

         W    Flow, lb/sec.

         g    32.2 lbm-ft/lbf-sec2.

         A    Cross-sectional area, ft2.

         P1   Total pressure, upstream link-end, psia.

         P2     "      "      downstream   "   , psia.

         V1   Specific volume, upstream link-end, ft3/lb.

         f    Darcy friction factor.

         L    Net link length, ft.

         Dh   Hydraulic diameter, ft.

1.7.2    Weymouth equation for the isothermal flow of air and gases in 

         very long (miles) pipelines. 

                        | (P12-P22)  520.0 | 1/2

         Q =  28.0 dhX1 |------------------|            ([1], Eq.1-8)

                        |    Sg Lm      T  |

         Q    Flow, scf/hr.

         dh   Hydraulic diameter, in.

         P1   Total pressure, upstream link-end, psia.

         P2     "      "      downstream   "   , psia.

         Sg   Specific gravity re. air.

         Lm   Net link length, miles.

         T    Absolute temperature of the fluid, F.

         X1   2.667

         Note: Link flow resistances entered as L/D, Kt, or Cv will be 

         converted to equivalent length of pipe using an estimated fully-

         turbulent friction factor even though friction factor and rela-
         tive roughness play no real part in this solution. 

1.7.3    Darcy-Weisbach equation for the constant density flow of fluids.

              |  (H1-H2)  dh5   | 1/2

         W =  |-----------------|                       ([1], Eq.3-5)

              | 0.000483 f L V2 |

         W    Flow, gpm.

         H1   Total head, upstream link-end, ft.

         H2     "    "    downstream   "   , ft.

         dh   Hydraulic diameter, in.

         f    Darcy friction factor.

         L    Net link length, ft.

         V    Fluid specific volume, ft3/lb.

1.7.4    Hazen-Williams equation for the flow of water, and near aqueous 

         solutions, within a viscosity range of 0.90-1.50 cps. 

         Q =  0.442 dhX1 C((P1-P2)/L)X2                 ([1], Eq.3-9)

         Q       Flow, gpm.

         dh      Hydraulic diameter, in.

         C       Hazen-Williams coefficient.

         P1      Total pressure, upstream link-end, psia.

         P2        "      "      downstream   "   , psia.

         L       Net link length, ft.

         X1      2.63

         X2      0.54

         Note: Link flow resistances entered as L/D, Kt, or Cv will be 

         converted to equivalent length of pipe using an estimated fully 

         turbulent friction factor even though friction factor and rela-
         tive roughness play no real part in this solution. 

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

1.8      PROGRAM OPERATION 

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

1.8.1    Given an initially estimated (or previously calculated) pressure 

         at every node, knowing the link, fluid, and device character-
         istics, and applying the selected flow equation STREAMLINES cal-
         culates a flow in every link and the partial first derivative of 

         that flow with respect to the pressure change that produced it.  

         The sum of the flows, S, at every node is found and at every flow 

         pressure node and device this net imbalance becomes a member of a 

         right-hand side (RHS) vector for a system of simultaneous equa-
         tions, one equation for each node.  Each equation term comprises 

         a partial first derivative (the coefficient) and a pressure ad-
         justment (the variable) for each node.  These equations form a 

         symmetric square matrix the upper triangle of which is solved to 

         produce a solution vector containing a pressure correction, Pc, 

         to be applied to each node in successive iterations to reduce the 

         flow imbalances to an arbitrarily small value: 

1.8.2    Matrix:                                       RHS: Vector: 

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

         dS1       dS1       dS1          dS1

         --- DP1 + --- DP2 + --- DP3 ...+ --- DPn  =   -S1=    Pc1

         dP1       dP2       dP3          dPn      .

                                                   .

         dSi       dSi       dSi          dSi      .

         --- DPj + --- DPj + --- DPj ...+ --- DPj  =   -Si=    Pci

         dPj       dPj       dPj          dPj      .

                                                   .

         dSn       dSn       dSn          dSn      .

         --- DP1 + --- DP2 + --- DP3 ...+ --- DPn  =   -Sn=    Pcn

         dP1       dP2       dP3          dPn

1.8.3    dSi/dPj  The partial first derivative of the flow equation which 

         is the change in the flow sum, Si, at node(i) as a result of a 

         change in the pressure difference, Pj, at any contiguous node(j). 

         DP       That portion of a pressure correction to be applied at 

         node(i) contributed by conditions at node(j); the coefficients of 

         j=n simultaneous equations for n nodes. 

         Sj       The initially estimated (or current) net flow imbalance 

         at node(j). 

         Pci      A net pressure correction to be calculated for and later 

         applied to the initial (or current) pressure at node(j) so that 

         the resulting flow imbalance will be reduced for the next itera-
         tive solution.  In application the correction, Pci is arbitrarily 

         reduced by a factor, the relaxation multiplier, to smooth and to 

         facilitate convergence. 

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

1.9      NETWORK DIAGRAMS 

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

         Each problem should be diagrammed to show the nodes and links and 

         their numbers and attributes.  Diagramming is not a requirement 

         but it will facilitate the input data process and will serve as a 

         record of the calculation for the next person who must interpret 

         it. See Example Problems, Appendix-C. 

         Suggested symbols follow: 

1.9.1    Junction Nodes: 

1.9.1.2  1 Flow and Flow/pressure node: 


                      +W=K      -W=K

         ------  n  =====>      =====>  n  ------  Flow node

                    +1 P=?                 +1 P=?

                      +W=K      -W=K

         ------  n  =====>      =====>  n  ------  Flow/pressure, P, node

                    -1 P=K                 -1 P=K

                                 W=K

         +1 = Node Type no.     =====>  Denotes defined external flow, W.

          n = Node ID,  K= Known (constant),  ?= STREAMLINES calculates

1.9.1.3  2 Pressure Node:

                      W=?                W=?
         ------  n  ----->  ----->  n  ------

                    2 P=K              2 P=K

                                -----> Denotes external flow. 

1.9.2    Devices:

1.9.2.1  3 Press. Regulator:    4 Back-press. Reg.:    5 Diff. Press. Reg:
              [P2=K]--+            +--[P1=K]              +--[DP=K]-+     
                 |    |            |    |                 |    |    |

           P=?        |            |         P=?         P=?        P=?

         ----->  n  --+-->      ---+->  n  ----->      ---+->  n  --+-->

                    3 W=?                  4 W=?                  5 W=?

1.9.2.2  6 Check/relief valve:  7 Flow Regulator:      8 Flow Function:
              [DP=K]                  [W=K]              [W=(DP/K)1/X] 

                 |                      |                      |

           P=?        P=?         P=?        P=?         P=?        P=?

         ----->  n  ----->      ----->  n  ----->      ----->  n  ----->

                    6 W=?                  7 W=?                  8 W=?

1.9.2.3  9 Pumps or fans:_       3 A pressure regulator 7 A flow regulator

                                  as a pump:             as a pump:

             [DP=f(W)]               [P2=K]--+               [W=K]

                 |    P=?               |    |                 |    P=?

           P=?      ----->        P=?      --+-->        P=?      ----->

         ----->  n  9 W=?       ----->  n  3 W=?       ----->  n  7 W=?  

         Pump with defined      Pump with a fixed      Pump or fan with

         characteristic curve.  discharge press.       a fixed flow. 

1.9.2.4  10 Motors & turbines:  8 Discharge function:
             [DP=f(W)]           [W=(DP/K)1/X]

           P=?   |                      |

         ----->        P=?        P=?        P=?

                 n  ----->      ----->  n  ----->  When at a link-end.

                    10 W=?                 8 W=?

1.9.2.5  Tricks:

         If both flow nodes are in the same network a fixed flow regulator 

         or pump can be represented like this: 

                                        |

                      W=-K        W=+K

         ----->  n  =====>  ^   =====>  n  ----->

                    1 P=?   ^              1 P=? 

                 |          |

                   +-there must be no link between these two nodes.

1.9.2.6  Devices must be placed in the network following a junction node 

         of lower number and preceding one of higher number; devices can- 

         not be contiguous and, except for supply or discharge functions, 

         cannot be at the beginning or end of a link: 

                                      [   ]--+

                                        |    |

                                             |

                     ----->  3  -----> 25  --+--> 196 -----> 

                                2          Device     2

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

1.10     PROGRAM INPUT 

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

         Input data are entered via an editor into a screen data form com-
         plete with descriptive headings and comments and permitting the 

         engineer unlimited additional comments and descriptions pertain-
         ing to his particular problem. See Section 2.0. 

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

1.11     PROGRAM OUTPUT 

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

The output is contained in three properly headed and identified, dated, and page numbered files.  The output is specifically designed to form a complete record of each calculation made for purposes of verification, documentation, and permanent file in the project job calculation records.  The engineer should make network diagrams to define each job but diagrams are not required; the diagram can always be recreated from the Input Log. 

See Section 4.0. 

1.11.1   Main Output
     a.  Network (site, and "global" fluid property) Definition Table.

     b.  Node and Link (input) Definition Tables.

     c.  Node Results Table:

                   o Entering and leaving pressures.

                   o Fluid horsepower, if a pump or fan.

     d.  Link Results Table:

                   o Flow.

                   o Total (friction) pressure loss.

                   o Downstream velocity.

                   o     "         "     pressure.

                   o Reynolds' number.

                   o Darcy friction factor.

                   o Total equivalent length.

                   o Net positive head at downstream end (for liquids of 

                     known vapor pressure; useful at pump suctions). 

                   o The hydraulic grade line, upstream and downstream. 

                   o The flow/pressure loss partial first derivative. 

1.11.2   Input Log

         An exact recapitulation of the input data lines, with their ori-
         ginal descriptive headings, numbered for field error reference 

         messages, complete with all user added comments and notes, and 

         with the assurance at the end that the program actually read all 

         the available input data lines. 

1.11.3   Program Log
         All computer run time, diagnostic tracing, and error messages, 

         and a log of the iteration process. 

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