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

D        SAMPLE PROBLEMS 

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

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

D-0      NETWORK DIAGRAMS 

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

D-0.1    In this appendix are the network node and link diagrams for the 

         sample problems distributed with STREAMLINES. 

         Nodes are shown by the closed symbols (See Section 1 Abstract) 

         the most common being Flow nodes (circles) at which an external 

         flow is defined—often zero—and Pressure nodes (squares) at 

         which a fixed or constant pressure is defined. Devices are shown 

         as hexagons (except check valves, pumps, and fans). 

         In each node symbol is an integer; the node ID. To the lower 

         right of every node is a digit; the node Type. 

         Defined external flows are illustrated by the double line arrow: 

         =====>. Undefined external flows by: ----->. 

         If pressure is not fixed by definition at a node an estimated 

         pressure must be chosen by the engineer as part of the data in-
         put. These estimated pressures are in the node data but are not 

         shown here in these diagrams. Estimates are best chosen to pro


         duce an initial flow in the expected direction and, in most 

         cases, need not be very accurate. 

         All the fixed pressures are shown in these diagrams as 00p. El-
         evations are shown as 00z; temperatures as 00F, etc. The symbol 

         "e" is used to represent epsilon, the absolute roughness, and "u" 

         to represent mu, the viscosity. 

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

D-1      CRANE COMPANY-410 PROBLEMS 

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

D-1.1    Many examples from Technical Paper No.410, [1], are provided in 

         subdirectory \STRMLINS\CRANE. The engineer may look at and modify 

         them in his data editor and run them to gain familiarity with the 

         program. At first try running them without changes. Later you may 

         experiment with changes. If, in this process, a file becomes al-
         tered to a point where it will no longer run or to a point where 

         it is corrupted beyond repair simply re-copy the original from 

         your (write-protected) backup diskette into \STRMLINS\CRANE and 

         try again. 

         To enter the \STRMLINS\CRANE subdirectory from anywhere in or be-
         low \STRMLINS enter the command STRDIR CRANE. Then enter the 

         command 
STRDAT 410fname.XMP
 to see the file you want. Leave the 

         text editor before trying to run the problem. 

         To run the problem enter the command STRRUN followed by the file 

         specification, 410fname.XMP, when requested. 

         Filename.ext

         --------.---

D-1.2    410AIR01.XMP
         Example    2, pg.3-16, Air, 60 F, 400 psig, Darcy-Weisbach

                           L= 100.0'

           -144,000        d= 1.610"

              =====> 11  ------------ 12  ----->

                         1 e=.00015'      2

                                     400p

D-1.3    410AIR02.XMP
         Example 2, pg.3-22, Air, 90 F, 100 psig, Darcy-Weisbach, (scfm)

                           L= 100.0'

                           d= 4.026"

              -----> 11  ------------ 13  ----->

                         2 e=.00015'      2

                    105p             100p (dp= 5.0p)

D-1.4    410AIR03.XMP
         Example 2, pg.3-22, Air, 90 F, 100 psig, Darcy-Weisbach, (lb/hr)

                           L= 100.0'

                           d= 4.026"

              -----> 11  ------------ 13  ----->

                         2 e=.00015'      2

                    105p             100p (dp = 5.0p)

D-1.5    410AIR04.XMP
         Example 2, pg.3-22, Air, 90 F, 100 psig, Darcy-Weisbach, (acfm)

                           L= 100.0'

                           d= 4.026"

              -----> 11  ------------ 13  ----->

                         2 e=.00015'      2

                    105p             100p (dp = 5.0p)

D-1.6    410AIR05.XMP
         Example 4-16, pg.4-9, Air Lines, 110 F, 65 psig, isothermal,

         Either:                                                  [ (scfm)

                           L= 75.0'

              -100         d= 1.049"

              =====> 11  ------------ 12  ----->

                         1 e=.00015'      2

                                      65p

         Or:

                                           +100 scfm

              -----> 21  ------------ 22  =====>

                         2                1

                     65p

D-1.7    410AIR06.XMP
         Example 4-16, pg.4-9, Air Lines, 110 F, 65 psig, isothermal,

         Either:                                                  [ (acfm)

                           L= 75.0'

              -100         d= 1.049"

              =====> 11  ------------ 12  ----->

                         1 e=.00015'      2

                                      65p

         Or:

                                           +100 acfm

              -----> 21  ------------ 22  =====>

                         2                1

                     65p

D-1.8    410GAS01.XMP
         Example 1, pg.3-18, Gas, 60 F, 250 psig, Darcy-Weisbach, (scfh)

         Example 2, pg.3-20, Gas, 60 F, 250 psig, Darcy-Weisbach, (scfh)

                           L= 100.0'

          -1,200,00        d= 7.981"                     sg= 0.75

              =====> 11  ------------ 12  ----->          u= 0.011 cps

                         1 e=.00015'      2

                                     250p

D-1.9    410GAS02.XMP
         Example 4-18, pg.4-11, Gas, 40 F, 1300 psia, isothermal, (scfh)

                           L= 528000.0'                  MW= 20.1

                           d= 13.376"                    sg= 0.693

              -----> 11  ------------ 12  ----->          u= 0.011 cps

                         2 e=.00015'      2

                   1285p             285p

D-1.10   410GAS03.XMP
         Example 4-18, pg.4-11, Gas, 40 F, 1300 psia, Weymouth, (scfh)

         See D-1.9 above.

D-1.11   410OIL01.XMP
         Example 4-7, pg.4-4, SAE-10 Oil, 60 F, Darcy-Weisbach, (gpm)

             See 4-6, pg.4-3.

                          L= 200.0'                 density= 54.64 lb/ft3
                          d= 3.068"                       u= 200 cps

              -----> 01  -----+          Valve

                         2    |

                      0p      +----------     ---- 02  ----->

                     22z  e=.00015'                    2

                                                    0p

                         Kt ells = 3.24 (6)         0z

                         Kt valve= 0.58

                         Kt entr.= 0.50

                         Kt exit = 1.00: Kt total = 5.32

         Example 4-24, pg.4-15, Laminar Flow, SAE-10 Oil, 90 F, (gpm)

                                                         sg= 0.87

                           L= 0.384'    Orifice           u= 38 cps

                           d= 3.068"       |

              -----> 01  -----------------| |----- 02  ----->

                         2 e=.00015'       |           2

                    0.4p               do= 2.15"  0.0p

D-1.12   410OIL02.XMP
         Example 4-8, pg.4-4, SAE-70 Oil, 100 F, Darcy-Weisbach, (bbl/hr)

                                                         sg= 0.90

                           L= 200.0'     Valve            u= 470 cps

               -600        d= 7.981"   L/D= 340

              =====> 11  ----------------     ---- 12  ----->

                         1 e=.00015'                   2

                                                   50p

D-1.13   410OIL03.XMP
         Example 4-9, pg.4-5, SAE-70 Oil, 100 F, Darcy-Weisbach, (gpm)

                                                         sg= 0.90

                           L= 300.0'     Valve L/D=150    u= 470 cps

                           d= 5.047"       +

                                   Valve   +  ---- 12  ----->

                                   L/D=8   |           2

               -600                        |      100p

              =====> 11  ----------     ---+       50z

                         1 e=.00015'

                                        1 Ell L/D=20: total L/D= 178

                      0z

D-1.14   410SAT01.XMP
         Example 3, pg.3-23, Saturated steam, 85 psig, isothermal, (lb/hr)

                           L= 100.0'

                           d= 3.548", 4.026", and 5.047"

            -20,000

              =====> 11  ------------ 12  ----->

                         1 e=.00015'      2

                                      80p (dp = 10.0 psi)

D-1.15   410SUP01.XMP
         Example 1, pg.3-22, Supht. Stm., 500 F, 345 psig, isothermal,

                                                                 [ (lb/hr)

                           L= 100'"

           -240,000        d= 7.981"

              =====> 11  ------------ 12  ----->

                         1 e=.00015'      2

                                     345p (dp = 10.0 psi)

         Example 4-10, pg.4-6, Supht. Stm., 850 F, 600 psig, isothermal,

                                                                 [ (lb/hr)

                          L= 400.0'

                          d= 5.761", 4.813", 3.826", and 1.939" 

                          e=.00015'

            -90,000

              =====> 11    +-     -     ---------- 12  ----->

                         1 |                           2

                      |    |   Gate Kt= 1.44      600p

                      +----+  Globe Kt= 1.44

                             3 Ells Kt= 0.63: total Kt= 3.51

D-1.16   410SUP02.XMP
         Example 1, pg.3-16, Superheated steam, 850 F, 600 psig, Darcy's,

                                                                 [ (lb/hr)

         Example 2, pg.3-18, Superheated steam,  "  "   "    "     "   "

         Example 1, pg.3-20, Superheated steam,  "  "   "    "     "   "

                           L= 100.0'

                           d= 3.364", 3.826", and 4.813"

            -30,000

              =====> 11  ------------- 12  ----->

                         1 e=.00015'       2

                                      600p

D-1.17   410WAT01.XMP
         Example 1, pg.3-8, Water, 200 F, Darcy-Weisbach, (gpm)

                           L= 100'

               -415        d= 4.026"

              =====> 11  ------------- 12  ----->

                         1 e=.00015'       2

                                        0p

         Example 4-11, pg.4- 6, Water in a Flat Heating Coil, 180 F, (gpm) 

                           L= 18.0'

                           d= 1.029"

                -15         +-+ +-+

              =====> 41  -+ | | | | +- 42  ----->

                         1+-+ +-+ +-+      2

                           e=.00015'    0p   Kt= 9.45 -4.94 = 4.51

D-1.18   410WAT02.XMP
         Example 4-1, pg.4-1, Smooth pipe (Plastic), 80 F

         The ÿSTREAMLINES result will be lower than the TP-410 ÿresult for 

         Re ÿowing to its use of a more accurate viscosity (0.858cps) ÿand 

         the resulting friction factor will be correspondingly higher. 

                           L= 70.0

               -50         d= 2.067"

              =====> 21  ------------- 22  ----->

                         1 e=.000005'      2

                                        0p

         Example 4-6, pg.4-3, Reduced Port Ball Valve, 60 F

         TP-410, Step 11, for relative roughness 0.0006 gives Re 1.76+E05 

         and f 0.195 in close agreement with the STREAMLINES result, show-
         ing that the program result for velocity and flow is probably 

         better than the TP-410 result. 

                            L= 200.0'

                            d= 3.068"

              -----> 31  --+

                         2 +--     --- 32  ----->

                      0p    e=.00015'      2

                     22z                0p   Kt= 19.4 -14.08 = 5.32

                                        0z

         Example 4-12, pg.4-7, Orifice Size for Given Pressure Drop, 60 F

         In this case three networks were solved simultaneously each with 

         a different orifice size and corresponding loss coefficient in an 

         attempt to "bracket" a solution. 

         A plot of the three orifice sizes and the corresponding pipe vel-
         ocities from the STREAMLINES Link Result Table gives a diameter 

         of 8.2 in. at the required 10.0 fps. ÿSTREAMLINES lends itself 

         well to this method of bracketing solutions with trial values- 

         all calculated in the same computer run. 


         -----> 5_1   L=10'    L= 0.99'     L=0.10'      L=50.0' e=.00015'

                    2 d=11.94" d=11.94"   * d=3 trials   d=11.94"

                 |                             |
                 +------- 5_2 --     -- 5_3 --| |---- 5_4 ----- 5_5 ----->

                 0p           1             1  |          1         2

                12z                                              0p

                           0z            0z            0z        0z

                                Valve        Orifice
[image: image1]
                  Kt= 0.78      L/D= 8   * Kt= 3 trials  Kt= 1.00

                                       (* See Link data)

         Example 4-14, pg.4-8, Bernoulli's Theorem- Water, 60 F

         The STREAMLINES Node Result Table shows a pressure difference and 

         head loss in close agreement with TP-410. 

                    L= 110.0'        L= 225'

                    d= 4.026"        d= 5.047"

                                +--------------- 63  ----->

                    e=.00015'   |                    2

                                |                 0p

          -400                                   75z

         =====> 61  ---------- 62

                    1              1

                      Kt= 0.22        Kt= 0.54

                 0z

         Example 4-15, pg.4-9, Power Required for Pumping, water, 70 F

         The STREAMLINES Node Result Table shows a pump head of 420.1 ft 

         and a fluid hp of 10.64 (15.1 bhp). 

                     L= 1.0'           L= 1.0'       L= 498'

                     d= 3.068"         d= 3.068"     d= 3.068"

                               Pump               +------------ 74  ----->

                            [100 gpm]             |  e=.00015'      2

                                |     Kt= 27.14   | Kt= 3.16     0p

                                                               400z

         -----> 71  ---------- 72  -           - 73

                    2              1   Valves        1

                 0p

                 0z             0z                0z

         Example 4-19, pg.4-12, Water (from a reservoir), 60 F

         The STREAMLINES Link Result Table shows a flow slightly higher 

         (139) than the TP-410 result (137). 


         -----> 81    L= 10.0'        L= 20.0'

                    2 d= 3.068"       d= 2.067"

            0.0p |                    e=.00015'

           11.5z |    
                 +-     ------ 82  ------------- 83  ----->

                                   1                 2

                  Ken= 0.50         Ksc= 0.28   0.0p

                  Kmb= 1.08   0.0z  Kex= 1.00   0.0z

                  Kva= 0.14              ----

                       ----         Kt1= 1.28

                  Kt2= 1.72

         Example 4-25, pg.4-16, Rectangular Duct, water, 60 F

         The ÿSTREAMLINES Link Result Table shows a result of 30,620 cfs 

         when converted from gpm via the link average density. 

                             L= 1000'

                             d= 300x198"

                             e=.01'

              -----> 91  --+

                         2 +

                      0p             - 92  ----->

                    200z   Ken= 0.50       2

                           Kex= 1.00    0p

                                ----    0z

                           Kt = 1.50

         Example 4-26, pg.4-17, Pipe Partially Filled With Water, 60 F

         The lower STREAMLINES flow is the result of carrying the corre-
         spondence of Re to f more closely than was done in TP-410. 

                            L= 1000'

                           wp= -45.9", a= 320.2 in
2


                            e= 0.00085'

              -----> 101 -

                         2           - 102 ----->

                      0p                   2

                   * 62z                0p

                   * 3/4"/ft in 1000'   0z

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

D-2      MISCELLANEOUS EXAMPLES 

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

D-2.1    More examples are provided in subdirectory \STRMLINS\XMPLS. The 

         engineer may look at and modify them in his data editor and run 

         them to gain familiarity with the program. At first try running 

         them without changes. Later you may experiment with changes. If, 

         in this process, a file becomes altered to a point where it will 

         no longer run or to a point where it is corrupted beyond repair 

         simply recopy the original from your (write-protected) backup 

         diskette into \STRMLINS\XMPLS and try again. 

         To enter the \STRMLINS\XMPLS subdirectory from anywhere in or be-
         low \STRMLINS enter the command STRDIR XMPLS . Then enter the 

         command STRDAT filename.XMP to see the file you want. Leave the 

         editor before trying to run the problem. 

         To run the problem enter the command STRRUN followed by the file 

         specification, filename.XMP, when requested. 

D-2.2    CAMWAT01.XMP
         Cameron Hydraulic Data

         Pump, sump, and elevated tank, water, 68 F


                                 |^^ 40  ^^|0p, 289.00z Tank(free surface)
                                 |       2 |

                                 +----+----+

           L= 1246'                   |

           d= 4.026"         +--------+

          Kt= 3.86           |

           C= 140

                            30                       33.00z Pressure gauge

           L= 2'                1

           d= 4.026"         |

                   [200 gpm] |

                      |       

           L= 2'         -- 25                       31.00z Pump discharge

           d= 4.026" 20         1                    28.62z Pump suction

                         7

           L= 5'      |             ^^^ 00  ^^^ 0p,  24.00z Sump

           d= 4.026"  |         L= 3'       2

          Kt= 1.57              d= 24"   |

           C= 140    10  <----- C= 160  -+           21.00z Foot valve

                         1

D-2.3    CHKWAT01.XMP
         Check Valves, water, 50 F

         Examples 1a, 1b:

                                    [30 dp] to open       e=.00015'

           1a Open:       L= 100.0'    |     L=  50.0'

                          d= 6.00"           d= 4.00"

              -----> 60  ------------ 61  ------------ 62  ----->

                         2                6                2

                     50p            [50 dp] to open    10p

           1b Closed:                  |


              -----> 65  ------------ 66  ------------ 67  ----->

                         2                6                2

                     50p                               10p

         Examples 2a, 2b:

                                    [30 dp] to open       e=.00015'

           2a Open:       L= 100.0'    |     L=  50.0'

               -500       d= 6.00"           d= 4.00"

              =====> 70  ------------ 71  ------------ 72  ----->

                         1                6                2

                                    [50 dp] to open    10p

           2b Closed:                  |

               -500

              =====> 75  ------------ 76  ------------ 77  ----->

                         1                6                2

                                                       10p

         Examples 3a, 3b:

                                    [30 dp] to open       e=.00015'

           3a Open:       L= 100.0'    |     L=  50.0'

                          d= 6.00"           d= 4.00"      +500

              -----> 80  ------------ 81  ------------ 82  =====>

                         2                6                1

                                    [50 dp] to open

           3b Closed:                  |

                                                            +500

              -----> 85  ------------ 86  ------------ 87  =====>

                         2                6                1

                     50p

         Examples 4a, 4b:

                                    [30 dp] to open       e=.00015'

           4a Open:       L= 100.0'    |     L=  50.0'

                          d= 6.00"           d= 4.00"

              -----> 100 ------------ 101 ------------ 102 ----->

                         2                6                2

                     50p                               10p

                      |                                 |

                      +-----------Closed link-----------+

                                    [50 dp] to open       e=.00015'

           4b Closed:                  |


              -----> 105 ------------ 106 ------------ 107 ----->

                         2                6                2

                     50p                               10p

                      |                                 |

                      +---------------------------------+

                                   L= 150.0'

                                   d= 4.00"

D-2.4    CLSDLK01.XMP
         Closed Links, water, 60 F

         All links open:

                                      L= 50'

                      L= 50'          d= 4.067"         L= 50'

                              -  1  -----------  2  -

                                    1 e=.00015'     1               +100

         -----> 00  -                                         - 20  =====>

                    2                 d= 2.097"                     1

                20p           - 11  ----------- 12  -

                                    1               1

         Link 111-112 closed:

                                      L= 50'

                      L= 50'          d= 4.067"         L= 50'

                              - 101 ----------- 102 -

                                    1 e=.00015'     1               +100

         -----> 100 -                                         - 120 =====>

                    2                                               1

                20p           - 111 –x-x-x-x-x- 112 -

                                    1 Closed        1

         Link 212-220 closed:

                                      L= 50'

                      L= 50'          d= 4.067"         L= 50'

                              - 201 ----------- 202 -

                                    1 e=.00015'     1               +100

         -----> 200 -                                         - 220 =====>

                    2                 d= 2.097"       Closed        1

                20p           - 211 ----------- 212 -

                                    1               1

         Link 302-320 closed:

                                      L= 50'

                      L= 50'          d= 4.067"         L= 50'

                              - 301 ----------- 302 -

                                    1 e=.00015'     1 Closed  *     +100

         -----> 300 -                                         - 320 =====>

                    2                                               1

                20p         * Node 320 cannot be "balanced".

D-2.5    FANWAT01.XMP
         Featherstone and Nalluri, Civil Eng. Hyd., 1982, water 15 C.

         Example 5.4, reservoirs:

                         L= 10000m

         -----> 41  --+  d=  4500mm

              A     2 |  e=.00006mm           +-- 44  ----->

                 0p   |                       | B     1       L= 2000m

               200z   |           +-----------+  120z         d= 3500mm

                      |           |

                      |           |           +-- 46  ----->

                      |           |           | C     1       L= 3000m

                      |           |  +--------+  100z         d= 3000mm

                      |           |  |

                      |                       +-- 47  ----->

                      +--------- 42  ---------+ D     1       L= 3000m

                               J     1            75z         d= 2500mm

                               76.2z

         Example 5.5, fixed flow pump:

                         L= 10000m

         -----> 51  --+  d=  4500mm

              A     2 |  e=.00006mm           +-- 54  ----->

                 0p   |                       | B     1       L= 2000m

               200z   |           +-----------+  120z         d= 3500mm

                      |           |    Pump:

                      |           |   [6000 lpm]

                      |           |       |   +-- 56  ----->

                      |           |           | C     1       L= 3000m

                      |           |  +-- 55  -+  100z         d= 3000mm

                      |           |  |       7

                      |           |  | 76.2z

                      |                       +-- 57  ----->

                      +--------- 52  ---------+ D     1       L= 3000m

                               J     1            75z         d= 2500mm

                               76.2z

         Example 5.6, fixed head pump:

                         L= 10000m    Pump:

         -----> 61  --+  d=  4500mm  [1.0bar dp]

              A     2 |  e=.00006mm       |   +-- 64  ----->

                 0p   |                       | B     1       L= 2000m

               200z   |           +----- 63  -+  120z         d= 3500mm

                      |           |          5

                      |           |    76.2z

                      |           |           +-- 66  ----->

                      |           |           | C     1       L= 3000m

                      |           |  +--------+  100z         d= 3000mm

                      |           |  |

                      |           |  |

                      |                       +-- 67  ----->

                      +--------- 62  ---------+ D     1       L= 3000m

                               J     1            75z         d= 2500mm

                               76.2z

D-2.6    FCVAIR01.XMP
         Flow Control Valve- Compressed Air Service, 50 F

         Valve size 1.5":     Cv= 25.00                      Node  p3   Cf

                             [25000 lbh]                     ---- --- ----

                      L= 100'     |    L= 100'                003 190 1.00

                      d= 3.068"        d= 3.068"              013 175 1.00

         -----> 0_1 ------------ 0_2 ------------ 0_3 ----->  023 150 1.00

                    2 e=.00015'      7 e=.00015'      2       033 100 1.00

               200p                                p3         043  50  .85

                                                              053  25  .85

         Valve size 2.0":     Cv= 50.00                      Node  p3   Cf

                             [25000 lbh]                     ---- --- ----

                      L= 100'     |    L= 100'                103 190  .85

                      d= 3.068"        d= 3.068"              113 175  .85

         -----> 1_1 ------------ 1_2 ------------ 1_3 ----->  123 150  .85

                    2 e=.00015'      7 e=.00015'      2       133 100  .85

               200p                                p3         143  50  .85

         Valve size 3.0":     Cv= 100.00                     Node  p3   Cf

                             [25000 lbh]                     ---- --- ----

                      L= 100'     |    L= 100'                203 190  .85

                      d= 3.068"        d= 3.068"              213 175  .85

         -----> 2_1 ------------ 2_2 ------------ 2_3 ----->  223 150  .85

                    2 e=.00015'      7 e=.00015'      2       233 100  .85

               200p                                p3         243  50  .85

D-2.7    FCVSAT01.XMP
         Flow Control Valve- Saturated Steam Service, 200p

         Valve size 0.75":     Cv= 7.50                      Node  p3   Cf

                              [5000 lbh]                     ---- --- ----

                      L= 100'     |    L= 100'                003 190  .85

                      d= 3.068"        d= 3.068"              013 175  .85

         -----> 0_1 ------------ 0_2 ------------ 0_3 ----->  023 150  .85

                    2 e=.00015'      7 e=.00015'      2       033 100  .85

               200p                                p3         043  50  .85

                                                              053  25  .85

         Valve size 1.00":     Cv= 12.50                     Node  p3   Cf

                              [5000 lbh]                     ---- --- ----

                      L= 100'     |    L= 100'                103 190  .85

                      d= 3.068"        d= 3.068"              113 175  .85

         -----> 1_1 ------------ 1_2 ------------ 1_3 ----->  123 150  .85

                    2 e=.00015'      7 e=.00015'      2       133 100  .85

               200p                                p3         143  50  .85

         Valve size 1.50":     Cv= 25.00                     Node  p3   Cf

                              [5000 lbh]                     ---- --- ----

                      L= 100'     |    L= 100'                203 190  .85

                      d= 3.068"        d= 3.068"              213 175  .85

         -----> 2_1 ------------ 2_2 ------------ 2_3 ----->  223 150  .85

                    2 e=.00015'      7 e=.00015'      2       233 100  .85

               200p                                p3         243  50  .85

D-2.8    FCVSUP01.XMP
         Flow Control Valve- Superheated Steam Service, 200p, 500 F

         Valve size 0.75":     Cv= 7.50                      Node  p3   Cf

                              [2500 lbh]                     ---- --- ----

                      L= 100'     |    L= 100'                003 190  .85

                      d= 4.026"        d= 4.026"              013 175  .85

         -----> 0_1 ------------ 0_2 ------------ 0_3 ----->  023 150  .85

                    2 e=.00015'      7 e=.00015'      2       033 100  .85

               200p                                p3         043  50  .85

                                                              053  25  .85

         Valve size 1.00":     Cv= 12.50                     Node  p3   Cf

                              [2500 lbh]                     ---- --- ----

                      L= 100'     |    L= 100'                103 190  .85

                      d= 4.026"        d= 4.026"              113 175  .85

         -----> 1_1 ------------ 1_2 ------------ 1_3 ----->  123 150  .85

                    2 e=.00015'      7 e=.00015'      2       133 100  .85

               200p                                p3         143  50  .85

         Valve size 1.50":     Cv= 25.00                     Node  p3   Cf

                              [2500 lbh]                     ---- --- ----

                      L= 100'     |    L= 100'                203 190  .85

                      d= 4.026"        d= 4.026"              213 175  .85

         -----> 2_1 ------------ 2_2 ------------ 2_3 ----->  223 150  .85

                    2 e=.00015'      7 e=.00015'      2       233 100  .85

               200p                                p3         243  50  .85

D-2.9    FCVWAT01.XMP
         Flow Control Valve- Water Service, 40 F

         Valve size 1.50":     Cv= 32.0                      Node  p3   Cf

                              [180 gpm]                      ---- --- ----

                      L= 50'      |    L= 50'                 003 150 1.00

                      d= 4.000"        d= 4.000"              103 168 1.00

         -----> _01 ------------ _02 ------------ _03 ----->  203 190 1.00

                    2 e=.00015'      7 e=.00015'      2

               200p                                p3

D-2.10   FCVWAT02.XMP
         Flow Control Valve- Water Service, 40 F

         Valve size 2.00":     Cv= 46.0                      Node  p1   Cf

                              [100 gpm]                      ---- --- ----

                      L= 50'      |    L= 50'                 111  20 1.00

                      d= 2.067"        d= 2.067"              121  15 1.00

         -----> 1_1 ------------ 1_2 ------------ 1_3 ----->  131  14 1.00

                    2 e=.00015'      7 e=.00015'      2       141  13 1.00

                 p1                                0p         151  12 1.00

                                                              161  11 1.00

                                                              171  10 1.00

                                                              181   5 1.00

                                                              191   2 1.00

D-2.11   FNCWAT01.XMP
         Flow Functions, water, 50 F

         C1= +.0004, C2= 1.0, X= 1.85

                          [P1-P2= C1(Q/C2)X]
                                  |

                      L= 100'     |    L= 50'

                      d= 6.000"        d= 4.000"      -500 gpm

         <----- 10  ------------ 11  ------------ 12  <=====

                    2 e=.00015'      8 e=.00015'      1

                50p

         C1= -.0004, C2= 1.0, X= 1.85

                          [P1-P2= C1(Q/C2)X]

                                  |

                      L= 100'     |    L= 50'

                      d= 6.000"        d= 4.000"      +500 gpm

         <----- 20  ------------ 21  ------------ 22  =====>

                    2 e=.00015'      8 e=.00015'      1

                15p

D-2.12   GNLSPK01.XMP
         Grinnell Co., Fire Sprinklers, 60 F, K= 5.56

         Using flow functions:

                                        [P1-P2=1(Q/5.56)2]

                                                 |

                     L= 20'          L= 10'      |   L= 1'

                     d= 3.068"       d= 1.049"       d= 1.049"

         ----->  2  -----------  4  ----------- 10  ----------- 12  ----->

                    2               1               8               2

                50p     L= 10'   |                               0p

                        d= 2.067"|


                                 6  --Closed--- 20  ----------- 22  ----->

                                    1               8               2

                        L= 10'   |                               0p

                        d= 1.610"|


                                 8  ----------- 30  ----------- 32  ----->

                                    1               8               2

                        L= 15'   |                               0p

                        d= 1.049"|

                                 |

                                 +------------- 40  ----------- 42  ----->

                                                    8               2

                                                                   0p

D-2.13   GNLSPK02.XMP
         Grinnell Co., Fire Sprinklers, 60 F, K= 5.56

         Using discharge devices:

                                        [P1-P2=1(Q/5.56)2]

                                                 |

                     L= 20'          L= 10'      |

                     d= 3.068"       d= 1.049"

         ----->  2  -----------  4  ----------- 10  ----->

                    2               1               8 

                50p     L= 10'   |

                        d= 2.067"|


                                 6  --Closed--- 20  ----->

                                    1               8 

                        L= 10'   |

                        d= 1.610"|


                                 8  ----------- 30  ----->

                                    1               8 

                        L= 15'   |

                        d= 1.049"|

                                 |

                                 +------------- 40  ----->

                                                    8 

D-2.14   NVYSAT01.XMP
         Navy Yard, Steam Line, 150p

         Case 1:

                       L= 100'        L= 11000'       L= 100'

         -105000       d= 18.0"       d= 18.0"        d= 18.0"     +105000

          =====>  0  ----------  1  ----------- 98  ---------- 99  =====>

                     1              2 e=.00015'     1              1

                               150p

         Case 2:

                       L= 100'        L= 11000'       L= 100'

         -40000        d= 18.0"       d= 18.0"        d= 18.0"     +40000 

          =====> 100 ---------- 101 ----------- 198 ---------- 199 =====>

                     1              2 e=.00015'     1              1

                               150p

D-2.15   PCVWAT01.XMP
         Pressure Control Valves, water, 50 F

         Fore-pressure control valves:

         Valve:               [P2= 10p]--+

                                  |      |

                      L= 100'     |    L= 50'

                      d= 6.000"        d= 4.000"      +500 gpm

         -----> 30  ------------ 31  ----+------- 32  =====>

                    2 e=.00015'      3 e=.00015'      1

                50p              10p

         Pump- fixed disch.   [P2= 80p]--+

                                  |      |

                      L= 100'     |    L= 50'

                      d= 6.000"        d= 4.000"      +500 gpm

         -----> 35  ------------ 36  ----+------- 37  =====>

                    2 e=.00015'      3 e=.00015'      1

                50p              80p

         Back-pressure control valves:

         Pump- fixed suct. +--[P1= 50p]

                           |      |

                      L= 100'     |    L= 50'

          -500        d= 6.000"        d= 4.000"

         =====> 40  -------+---- 41  ------------ 42  ----->

                    1 e=.00015'      4 e=.00015'      2 

                                 50p              75p

         Valve:            +--[P1= 50p]

                           |      |

                      L= 100'     |    L= 50'

          -500        d= 6.000"        d= 4.000"

         =====> 45  -------+---- 46  ------------ 47  ----->

                    1 e=.00015'      4 e=.00015'      2

                                 50p               5p

         Differential-pressure regulators:

         Pump- fixed rise: +-[P1-P2=-30p]-+

                           |      |       |

                      L= 100'     |    L= 50'

          -500        d= 6.000"        d= 4.000"

         =====> 50  -------+---- 51  -----+------ 52  ----->

                    1 e=.00015'      5 e=.00015'      2 

                                                  75p

         Valve:            +-[P1-P2=+30p]-+

                           |      |       |

                      L= 100'     |    L= 50'

          -500        d= 6.000"        d= 4.000"

         =====> 55  -------+---- 56  -----+------ 57  ----->

                    1 e=.00015'      5 e=.00015'      2

                                                  15p

D-2.16   PMPWAT01.XMP
         Pumps, water, 50 F

         Pump no. 1- defined flow:

                                       L= 50'

                      L= 100'          d= 4.026       +500 gpm

                      d= 6.065"      ------------  3  =====>

         ----->  1  ------------  2    e=.00015'      1

                    2 e=.00015'      9

                45p

         Pump no. 2- defined system:

                                       L= 50'

                      L= 100'          d= 4.026

                      d= 6.065"      ------------ 13  ----->

         -----> 11  ------------ 12    e=.00015'      2

                    2 e=.00015'      9           110p

                45p

         Pumps  at 2 and 12:
         P 100.00 +    |    +    +    +    +    +    +    +    +    +    +
         r        +    |    |    |                                        
         e  80.00 +    |    |    |    +    +    6 data points: +    +    +
         s        +    |    |    |                                

         s  60.00 +    |    |    |    +    +    |    +    +    +    +    +
         .        +    |    |    |              |                         
            40.00 +    1    2    3    +    +    4    +    5    +    6    +
         -        +  90.7 90.3 80.9           60.2        |         |     
         p  20.00 +    +    +    +    +    +    +    +  30.4   +   0.5   +
         s        +                                                 |     
         i   0.00 +----+----+----+----+----+----+----+----+----+----|----+
         -        0   100  200  300  400  500  600  700  800  900  1000

                  Flow (gpm)

D-2.17   PMPWAT02.XMP
         Pumps in parallel and series, water

         Example 1a, Typical standard  characteristic @  60 F

         Example 1b, Typical operating characteristic @ 180 F

                                    L= 100'           e=.00015'

                    L= 10'          d= 4.026"

                    d= 5.047"     ---+

         -----> _11 --------- _12    |                L= 150'

                    2             9  |  L= 25'        d= 6.065"

                10p                     d= 7.981"     --------- _17 ----->

                 0z            0z   _15 --------- _16               2

                                        1             9          0p

                    L= 12'           |                         300z

                    d= 5.047"     ---+           150z

         -----> _13 --------- _14   L= 120'

                    2             9 d= 4.026"

                 5p

                 0z            0z  150z

         Pump at _12: In parallel with Pump at _14.
         Pump at _14: In parallel with Pump at _12.


         P 140.00 +    +    +    +    +    +    +    +    +    +    +    +
         r        +    

         e 120.00 +    +    +    +    +    +    Pump at _12    +    +    +
         s        +    

         s 100.00 +    +    +    +    +    Pump at _14    +    +    +
         u        +    

         r  80.00 +    +    +    +    +    +    +    +    +    +    +    +
         e        +    

            60.00 +    +    +    +    +    +    +    +    +    +    +    +
         -        +    

         p  40.00 +    +    +    +    +    +    +    +    +    +    +    +
         s        +    

         i  20.00 +    +    +    +    +    +    +    +    +    +    +    +
         -        +    

             0.00 +----+----+----+----+----+----+----+----+----+----+----+
                  0   100  200  300  400  500  600  700  800  900  1000

         Pump at _16: In series with pumps at _12 and _14.

         P  60.00 +    +    +    +    +    +    +    +    +    +    +    +
         r        -    

         e  50.00 +    +    +    +    +    +    +    +    +    +    +    +
         s        -    

         s  40.00 +    +    +    +    +    +    +    +    +    +    +    +
         u        -    

         r  30.00 +    +    +    +    +    +    +    +    +    +    +    +
         e        -    

            20.00 +    +    +    +    +    +    +    +    +    +    +    +
         -        -    
         p  10.00 +    +    +    +    +    +    +    +    +    +    +    +
         s        -    

         i   0.00 +----+----+----+----+----+----+----+----+----+----+----+
         -        0   100  200  300  400  500  600  700  800  900  1000

                  Flow (gpm)

D-2.18   REGWAT01.XMP
         Flow Regulators, water, 50 F

         Regulator:           [500 gpm]

                                  |

                      L= 100'     |    L= 50'

                      d= 6.000"        d= 4.000"

         -----> 70  ------------ 71  ------------ 72  ----->

                    2 e=.00015'      7 e=.00015'      2

                50p                               10p

         Pump- fixed flow:    [500 gpm]

                                  |

                      L= 100'     |    L= 50'

                      d= 6.000"        d= 4.000"

         -----> 75  ------------ 76  ------------ 77  ----->

                    2 e=.00015'      7 e=.00015'      2

                10p                               50p

D-2.19   RSEWAT01.XMP
         Rouse, Engineering Hydraulics, 1950, water, cfs, 60 F

         Example 10, pg. 438:

                              L= 5000'

                              d= 16.00"

                 +---------------------------------+

                 |            L= 3000'             |

         -14cfs               d= 12.00"

         =====> 11  ----------------------------- 12  ----->

                    1         L= 6000'                2

                 |            d= 12.00"            |

                 +---------------------------------+

                              e=.0004'             0p

         Example 12, pg. 440:

           +65                L= 1000'                +15 cfs

         <===== 24  ----------------------------- 22  =====>

                    1         d= 30.00"               1

                   L=2000'    L= 4000"               L= 3000'

           +20                L= 2000'              

         <===== 23  ----------------------------- 21  <-----

                    1         e=.0004'                2

                                                  40p

D-2.20   RSEWAT02.XMP
         Rouse, Engineering Hydraulics, 1950, water, cfm, 60 F

         Example 10, pg. 438:

         (See RSEWAT01.XMP)

D-2.21   SLKWAT01.XMP
         Simple Links, water, 50 F & 150 F

                       L= 100'

                       d= 6.000"      +500 gpm

         -----> 10  ------------- 11  =====>

                    2  e=.00015'      1

                50p

                50F               50F

                       L= 100'           L= 50'

                       d= 6.000"         d= 4.000"      +500 gpm

         -----> 15  ------------- 16  ------------- 17  =====>

                    2  e=.00015'      1  e=.00015'      1

                50p

                50F              150F              150F

                       L= 100'

          -500         d= 6.000"

         =====> 20  ------------- 21  ----->

                    1  e=.00015'      2

                                 100p

                50F               50F

                       L= 100'           L= 50'

          -500         d= 6.000"         d= 4.000"

         =====> 25  ------------- 26  ------------- 27  ----->

                    1  e=.00015'      1  e=.00015'      2

                                                   100p

                50F              150F              150F

D-2.22   STDPIP01.XMP
         Stand-pipe, water, 60 F

                                        Free surface
                             |^^^  0  ^^^|  0p

                             |        2  | 50z

                             +-----+-----+

                                   |

                          L= 50'   |

                          d= 0.5"  |

                                   |

                       L= 10'      |     L= 10'

       -10 gpm         d= 1.067"         d= 1.067"      +10 gpm

         =====>  2  -------------  4  -------------  6  =====>

                    1 Kt= 2.5         1  e=.00015'      1

                 0z                0z                0z

D-2.23   UCPCWS01.XMP
         Chilled Water System

         This is an especially large problem involving pumps in parallel, 

         chiller condensers (flow functions), flow controllers, and the 

         modeling of elevated cooling towers and basins. See separate dia-
         gram on the next page. 
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--------------------------------

D-3      RUNNING SAMPLE PROBLEMS 

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

D-3.1    Enter the \STRMLINS subdirectory by entering the command

           CD \STRMLINS then set the required path by,

           STR
, and transfer into either sample problem directory by,

           STRDIR CRANE, or

           STRDIR XMPLS.

D-3.2    Type the *.DIR file to the screen:

           TYPE CRANE.DIR, or TYPE XMPLS.DIR to see which examples may be 

         run without changes in 5-Link STREAMLINES. 

D-3.3    Enter the command:

           STRRUN and enter the selected example file name when it is 

         requested: 

           slctdxmp.XMP.
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