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								    				    #ischarge alculator  Flowrates, Jet Properties and Outfall  *he ollowing spreadsheet was was developed or the estimation o efuent +owrates +owrates and their characteristics o a reverse osmosis ( RO) desalination plant. *he procedere is &ased on the technical note Improved #ischarge on$gurations or -rine fuents rom #esalination "lants &y /ir0a (1223). First, the +owrates o the desalination plant are estimated related to the drin0ing water Additionally the efuent properties (e.g. density, salinity) are calculated. 4econd, the reuired design o the outall (geometry) and its characteristics (e.g. discharge velocity Uo, momentum +u% Mo, length scales LQ 5 LM) are calculated or a discharge into a  *hird, the properties o the the negatively &uoyant 6et are are estimated (#ilution S, ma%imum level o rise z max , x max , impingement point z i, x i) and a recommendation or the outall In the summary all important parameters are listed.  *he density 5 viscosity calculator calculator is attachted and can can &e used separately. separately. *he $gures or the calculation o the 6et tra6ectory and the dilution are also attached. Note that the calculations are only valid or dense discharges (= efuent is more dense than For the calculation ollowing parameters are reuired!  am&ient characteristics! temperature  a, salinity Sala, &ottom slope θ!  plant characteristics! +ow rate Qdrink , recovery rate r , &rine temperature  desal  i e%istent &lended efuent char.! char.! +ow rate Qe",ex , temperature  e",ex , salinity Sale",ex   outall geometry! geometry! discharge angle θo, port openenings n "lease enter the values o these parameters into the highlighted cells on the ollowing three #eclaration o the colors o the highlighted cells! yellow $%ed parameters (am&ient characteristics, plant'efuent properties) &lue &lue reel reely y sele selecta cta≤ ≤ (outa (outall ll geom geometr etry) y) green green calcul calculati ation on not yet imple implemen mented ted



 Flowrates $ %uent &haracte - ambient characteristics characteristics (seawater) am&ient temperature am&ient salinity am&ient density am&ient 0in. viscosity



 a = Sala =



11.22 7 88.22 pp ppt ρa = 9211.:: 0g'm8  νa = ;;;  m1's



- fresh water (permeate) +owrate recovery rate inta0e +owrate



Qdrink  = r  = Qin =



9.22 m 1.22 m


- brine characteristics (euent from des plant efuent +owrate temperature salinity density su&stance concentrati



- blended euent +owrate temper temperatu ature re salinity density



Qdesal = 9.22  desal = 11. 11.22 aldesal = 3 3 .2 2 ρdesal = 92:?.:@ cdesal = 1 2 .2 2



m8's 7 ppt 0g'm8 ppm



(e.g. was waste te wate wate - exter (e.g. Qe",ex  =  e",ex = le",ex = ρe",ex  =



9.22 12.22 12.22 2.22 2.22 @@.:2



m8's 7 ppt ppt 0g'm8



Final euent characteristics: Qo = +owrate  o = efuent temperature Salo = efuent salinity ρo = efuent density goD = &uoyant acceleration B negatively &uoyant, o0C  νo = 0in. viscosity



su&stance concentrati



co =



2. 2!. "". ### ###



m8's  7  ppt 0g'm8  m's1



;;;  m1's !.  ppm



 ristics RO annotations#limitations$  = 92 to 927 Sal= 2 to 932 ppt (ppt = g'0g)



allowed ranges or viscosity calculation! Sal = 2 to 982 ppt,   = 92 to 927 (l#essou0y, ttouny (1221))



recovery rate! percentage o inta0e water converted into permeateE  plant characteristicE ollowing Gattemann! r  = :23>



alination process) usually am&ient or 97 a&ove with Saldrink = 2 ppt e.g. coagulants, antiscalants, .... (has no eect on density or mi%ing characteristics)



r or others)



Sal = 2 to 932 ppt,  = 92 to 92 7



mean average mean average goD = gH(ρaρo)'ρa goD J 2! negatively &uoyant, goD B 2! positively &uoyant



allowed ranges or viscosity calculation! Sal = 2 to 982 ppt,   = 92 to 927 (l#essou0y, ttouny (1221))



 ,ischarge &haracteristics RO annotations$



- ambient characteristics am&ient density &uoyant acceleration oshore slope



ρa =



9211.:: 0g'm8 g1o = ;;;  m's1 θ! = 92 7



- euent characteristics +owrate discharge density 0in. viscosity



Qo = 1.22 m8's ρo = 9211.?8 0g'm8  νo = ;;;  m1's



- discharge characteristics hoose a discharge angle (recommended! discharge angle discharge angle o0C port discharge velocity num&er o openings port diameter dens. Froude Num&er Keynolds Num&er



θo =



Uo = n = D =



Fro = Keo =



:



9 7 .22 m's 3 2.1@ m 9?:.? ;;;



L27≤θo≤@27M only integerC recommended! Uo = :3 m's start with one openingC



Fro = Uo'(g1oHD)9'1 = Qo'(Dp':)' 'g1oHD)9'1 Keo = UoHD'no



hec0ing o characteristic properties! #iameter D! in reuired range, o0C Froude Num&er F o! huge value, please chec0 openingsC Keynolds Num&er Keo! in reuired range, o0C



reuired! 2.9 ≤ # ≤9.2 Fro ≥ 92, recommended! Fro=12O1 Keo B :222



%&oose an appropriate port diameter 'D( a))ording to *SO standard+$



port diameter



D =



2.82 m



Final discharge characteristics: ."  m port diameter D = ' num&er o openings n = θo = ! 7 discharge angle Qo,ind2 = ."" m8's +owrate (individual) port discharge velocity Uo = .*2  m's Fro = !'2.2 dens. Froude Num&er Keo = Keynolds Num&er ### Mo 3 !.*  m:'s1 momentum +u%  Jo 3 -.!  m:'s8 &uoyancy +u% LQ = .2*  m discharge length scale LM = .+*  m momentum length scal



Mo = UoHQo  Jo = g1oHQo '-$ negati.el/ 0uo/ant+ LQ = (DHπ': +9'1 = Qo ' Mo9'1 LM = Mo8': ' Jo9'1



  /et 0roperties RO annotations$



- discharge $ ambient characteristics discharge angle port height in reuired range, o0C oshore slope imaginary oshore slop momentum length scal dens. Froude Num&er



θo =



&o = θ! = θ!8 =



9 7 2.2 m 92 7 92 7



&o= 2m or &o= 2.9.2m



due to port height, not yet implemented



LM = :.? m Fro = 931.:1



- geometric et prop 'for dis)&arge angles t&at are not a multiple of 456$ linear iterpolatio  9 max 'LM (8>) =  9 max 'LM (1>) =  z max 'LM =  x max 'LM =  z i'LM =  x i'LM =  (8>) = upper 6et &oundary ax   9 max  (1>) =  z max  = ma%imum 6et centerline  x max  = position  z i =  6et centerline position a  x i = the impingement poi



oshore location local water depth



2.3: 2.::? 2.181 9.1:9 2.:? 1.?22 1.3 2.! !.' '. -22." ###



()')max  = 8>)



(ta0en rom Fig. 1(a))



(ta0en rom Fig. :(a))



()')max  = 1>)



Cport height not consideredC



m  m  m  m  m  m



 x ≥ [email protected] m :ao ≥ 9.8 m



Choose an appropriate outfall location: oshore location  x = +*.  m :ao = !."  m local water depth



:ao≥2.?H 9 max (1>)



in reuired range, oshore location o0C



om slopes t&at are not a multiple of 4-6$ linear iterpolation7+ - dilutions $ concentration



minimum centerline dilution at z max 



Sm'Fr o = Sm =



2.19 ".+



Fig. 1(&)



&ul0 dilution at impingement point



Si'Fr o = Si =



9.22 !'2.



Fig. :(&)



su&stance concentration at the centerline o  ma%. level o rise ( z ma cm = .2  ppm impingement point ( z i ci = .'  ppm



S = )o')) ;< )) 3 )o #S



 7+



 1334R5



RO



- ambient characteristics ρa =



am&ient density oshore slope



θ! =



### 0g'm8 !  7



Qo = ρo =  νo = g1o =



2. ### ### ###



- euent characteristics +owrate discharge density 0in. viscosity &uoyant acceleration



m8's 0g'm8  m1's  m's1



'-$ negati.el/ 0uo/ant+



- dicharge characteristics $ et properties +owrate (individual) port discharge velocity dens. Froude Num&er Keynolds Num&er momentum +u% &uoyancy +u% discharge length scale momentum length scale



Qo,ind2 = ."" m8's Uo = .*2  m's Fro = !'2.2 Keo = ### Mo = !.*  m:'s1  Jo = .  m:'s8 LQ = .2*  m LM = .+*  m



ma%. 6et centerline positio  z max  =  x max  =  z i =  6et centerline position  x i = at the impingement poin min. centerline dilution P Sm = Si = dilution P impingement po su&stance concentrat. P  z  cm = su&stance concentration ci =



!.' '. -22." !2".+ ".+ !'2. .' .22



 m  m  m  m



 ppm  ppm



- recommended outfall geometries port diameter num&er o openings discharge angle port height oshore location local water depth



D = n = θo = &o =  x = :ao =



." ' ! . +*. !."



 m  7  m  m  m



 1%4647%R ,%81975 $ 91&O1975 &4;&;47OR "lease enter the values o salinity and temperature o the efuent or am&ient water (p=9atm)



"".



1alinit


 ppt



or ρ! 2 ≤ 4al ≤ 932 ppt or µ! 2 ≤ 4al ≤ 982 ppt



2.



7emperature: 7 =



,ensit


 >&



92 ≤ * ≤ 92 7



 = !2".!  ?g@mA



,


!.'



Binematic iscosit


!.



T!-" ?g@m s  T!-' mE@s



sour)e$



l#essou0y, ttouny (1221)! Fundamentals o 4ea Qater #esalination (Appendi% A! *hemodynamic "ro



,ensit< of sea water as a function of salinit< and temperature 4alinity! 2 to 932 ppt, *emperature! 92 to 92 7, "ressure! p = 9 atm  *he density correlation o sea water is given &y!



= (4!F!  42F2  4"F"  4F)G!A



C?g@mAD



w&ere$ F9 F1 F8 F:



= = = =



2. A 1A  9 :A<  8A



A = (1*122)'932



R9 = 2. R1 = R8 = 1-  9



A9 = A1 = A8 = A: =



:.28119@ R9 S 2.99898 R1 S 8.13T92: R8 2.929@@ R9 S 9.?9T928 R1  :.18 T 92: R8 2.2911:? R9 S 9.?:T928 R1  @.2T923 R8 3.@1T92: R9  .?T92 R1  .8T92 R8



- = (14al92)'92



iscosit< of sea water as a function of salinit< and temperature 4alinity! 2 to 982 ppt, *emperature! 92 to 92 7, "ressure! p = 9 atm  *he dynamic viscosity correlation o sea water is given &y!



 =( =



)(



6



@



)G!-"



R



C?g@m sD CmE@sD



w&ere$ Gn(µQ) = 8.?@:9 S 32:.91@'([email protected]S*) µK = 9 S AT4al S -T4al A = 9.:?:T928 S 9.T92 *  8.@1?T92 *1 - = 9.2?8:T92  .T92 * S1.18T9292 *1



 !



 Fig. 2 (a)



f(x) = - 4.155360650926E-012x^6 1.90212550505162E-012x^6 + 2.0765797339088E-009x^5 + 2.10387511575112E-009x^5 - 3.13673259990353E-007x^4 - 3.8627230314918E-007x^4+ 1.5107324729381E-005x^3 + 2.18413065083024E-005x^3 - 5.80846214423941E-006x - 0.0002233177x^2 + 0.0



Heometric -et properties at maximum leIel of rise   3   ;   @   x   a1.=   m   x   3   ;   @   x   a   m   K 1   3   ;   @   x   a f(x)  m = 8.96034582476358E-012x^6 - 0.000000002x^5 + 1.61940813214635E-007x^4 - 1.10417102010735E-005x^3 + 0.0006912846x^2 + 0.0063922032x   J 9.=



9



2.=



2 2



92 %Uma%



%ma%'GY Vma%'GY (8>)'GY ma% (1>)'GY ma% %ma%T'GY



12



82



"olynomial (%Uma%)



:2



=2 VUma%



32



?2



A2



@2



"olynomial (VUma%)



= 8.?8:2@822@9@@?99TthetaX3 S 9.83?919:2TthetaX  9.:3 = .@328:2@313191TthetaX3  9.@39998:3898292@TthetaX S 9.39@:2 = 9.@21919:1:9:91TthetaX3 S 1.928?991912@TthetaX  8.31?  = :.9832383@9:8991TthetaX3 S 1.2?3?@?13??2@TthetaX  8.983? = .:2?31113:2TthetaX3  1.::332?389@823TthetaX S :.2@9?



 234174001x + 0.0185734635x + 0.1961574088 + 0.1222312457



38@@388?3@23TthetaX: S 9.818?22@@@33?2:TthetaX8  .@8@2:?38?@3@2 913?31?2?TthetaX:  9.92:9?929@?@2TthetaX8 S 3.@91:9??38:2:Tt 828@:@@2?TthetaX: S 1.9:9823332:3:2TthetaX8  1.1889??91@12:T 81@22?1@2?TthetaX: S 9.92?81:338@29@2TthetaX8  .2:32231129??2 13:@33882TthetaX:  8.811813@9128??2:TthetaX8 S 9.:133?9@828:328



 Fig. 4 (b)



TthetaX1 S 9.:132313@??9929Ttheta etaX1 S 3.8@112883989828Ttheta hetaX1 S 1.8:9?:2293??:21Ttheta S 9.@39?:999?@329 TthetaX1 S 9.?8:388@??13921Ttheta S 9.111891:32::32329 thetaX1 S 8.:@???913388128Ttheta S 9.2@38::@32@83S22



 Fig. 2 (b)



3inimum centerline dilution 2.8 f(x) = - 6.64809017655336E-012x^6 + 2.13443629858147E-009x^5 - 2.78481179697359E-007x^4 + 1.94758863528191E-005x^3 - 0.0008332996x^2



2.1= 4Um'FUo



"olynomial (4Um'FUo)



2.1   o   F   @   m   1



2.9=



2.9



2.2=



2 2



92



m



o



θo =



4m'Fo =



12



82



:2



=2



32



?2



A2



@2



= 3.3:2@22@::391T%X3 S 1.98::831?9?312@T%X  1.?:99??881 @2.22 7 2.189



 0.0217919729x + 0.0219626824



@2?T%X: S 9.@:?31:9:@@2T%X8  .881@@388@1::2:T%X1 S 1.9?@9@?



 Fig. : (&)



1?2@921T% S 1.9@3131:2:233@21



 Fig. (a)



 /et tra-ectories for Iariable oLshore slope 8



@27



1



9.A@



θo =



?7



θo =



9.?? 9.:?



327 :7 9.2



9



  3   ;   @   K



827 2.39



97



f(%) =  2.2292:8AA@%X3 S 2.229293:9A%X S 2.21:?:9121%X:  2.9:9:@9@1%X8 S 2.298?A38:2?%X1 S 2.32A231 2.18



27



f(%) 2=  2.2228:?393%X3  2.2289:?@19%X S 2.2821:9::3%X:  2.912A1?:@1%X8 S 2.22?13A3:%X1 S 2.82?A91 f(%) = 2.2228@2A2%X3  2.2918::2@%X S 2.231?1:@::%X:  2.9??@8@A9%X8 S 2.2A8:8@?99%X1  2.292@83?A



9



1



θ-  =



927



θ-  =



127



θ-  =



827



8 2



2.



9



9.



1



x@;31.



8



8.



:



:.



&ottom 27 97 827 :7 327 slope L7 %Ui'GUY VUi'GUY %Ui'GUY VUi'GUY %Ui'GUY VUi'GUY %Ui'GUY VUi'GUY %Ui'GUY VUi'GUY 2 2.222 2.222 1.2?@ 2.222 1.?91 2.222 1.21 2.222 1.8: 2.222 9 2.3 2.299 1.9: 2.28? 1.? 2.2: 1.1? 2.2:@ 1.832 2.2:9 1 2.8 2.21@ 1.19 2.2?? 1.?@3 2.2@ 1.9 2.922 1.8?1 2.28 8 2.@: 2.21 1.19 2.912 1.83 2.9:@ 1.? 2.99 1.88 2.91 : 9.991 2.2? 1.8: 2.93: 1.?3 2.129 1.@@ 2.128 1.8@ 2.93?  9.182 2.92 1.:2 2.199 1.@9 2.1 1.@18 2.13 1.:23 2.199 3 9.88@ 2.9:9 1.:3@ 2.1@ 1.@8 2.892 1.@:3 2.892 1.:9 2.1: ? 9.::8 2.9?? 1.1@ 2.892 1.@@9 2.83? 1.@3@ 2.83 1.:1@ 2.1@  9.:1 2.19? 1.? 2.83: 8.21? 2.:1 1.@@1 2.:19 1.::2 2.8:8 @ 9.38? 2.1@ 1.3:: 2.:9@ 8.238 2.: 8.29 2.:? 1.:9 2.8 92 9.?1 2.82 1.?22 2.:?3 8.2@@ 2.:3 8.28 2.83 1.:38 2.:8: 99 9.9? 2.88 1.? 2.8 8.98: 2.32@ 8.232 2.@ 1.:?: 2.:9 91 9.@21 2.:2: 1.2 2.@? 8.93 2.3?8 8.21 2.3 1.: 2.1 98 9.@ 2.: 1.32 2.332 8.121 2.?8@ 8.92: 2.?9? 1.:@3 2.?3 9: 1.23 2.9 1.@91 2.?13 8.183 2.2? 8.91? 2.?2 1.2? 2.31 9 1.9:8 2.?: 1.@31 2.?@: 8.13@ 2.?3 8.9:@ 2.:: 1.9 2.3? 93 1.19 2.383 8.299 2.38 8.829 2.@:? 8.9?2 2.@2@ 1.82 2.?1 9? 1.1@9 2.?29 8.2@ 2.@8 8.888 9.29@ 8.9@1 2.@?3 1.:9 2.??? 9 1.838 2.?3 8.92? 9.22@ 8.83 9.2@8 8.19: 9.2:: 1.1 2.1@ 9@ 1.:81 2.8? 8.98 9.23 8.8@3 9.93@ 8.183 9.99: 1.38 2.8 12 1 22 2 @92 8 9@@ 9 93: 8 :1? 9 1:? 8 1 9 93 1 ?: 2 @8?



 19 11 18 1: 1 13 1? 1 1@ 82



1.33 1.382 1.3@1 1.?: 1.98 1.?1 1.@1@ 1.@3 8.2:9 8.2@



2.@ 9.238 9.9:8 9.113 9.891 9.:29 9.:@8 9.? 9.33 9.??



8.1:: 8.1@ 8.881 8.8? 8.:9 8.:32 8.29 8.:1 8.8 8.318



9.1: 9.81@ 9.:9: 9.28 9.@: 9.3? 9.?: 9.8 9.@3 1.2@1



8.: 8.: 8.9 8.: 8.? 8.32 8.38? 8.333 8.3@ 8.?1:



9.81? 9.:2@ 9.:@8 9.2 9.33 9.?32 9.8 9.@:@ 1.2: 1.92



8.1?@ 8.829 8.818 8.8: 8.83? 8.8@ 8.:99 8.:88 8.: 8.:??



9.1@ 9.88: 9.:92 9.:@ 9.?2 9.38 9.?8 9.1 9.@9 1.22



1.3 1.@? 1.32 1.312 1.389 1.3:8 1.3: 1.333 1.3? 1.3@2



2.@@1 9.2:@ 9.92? 9.933 9.11? 9.1@ 9.81 9.:9 9.:: 9.8



  



.



 



. .



93?8% 3?9% 1%



?7 %Ui'GUY VUi'GUY 9.8@9 2.222 9.8@ 2.21: 9.8@@ 2.2:@ 9.:28 2.2?: 9.:2? 2.2@ 9.:99 2.918 9.:9 2.9:@ 9.:9@ 2.9?: 9.:18 2.122 9.:1? 2.113 9.:82 2.11 9.:8: 2.1?@ 9.:8 2.823 9.::1 2.888 9.::3 2.839 9.:9 2.8@ 9.: 2.:9? 9.:@ 2.::3 9.:38 2.:? 9.:3? 2.2 9 :?9 2 83



 9.:?3 9.:2 9.:: 9.:@ 9.:@8 9.:@ 9.28 9.2 9.91 9.9?
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Mul? dilutions for Iariable oLshore slope 1.= f(x) = 2.93122123189071E-012x^6 - 4.02975266678752E-010x^5 + 4.28138978525827E-008x^4 - 5.47863678366684E-006x^3 - 0.00020037



1 f(x) = - 8.09073721684602E-012x^6 + 2.24448933030339E-009x^5 - 1.95454257022998E-007x^4 + 4.26443937658274E-006x^3 - 0.000217 9.=   o   F 4Ui'FUo 27   @   i f(x)  1 = 5.4329867039711E-012x^6 - 1.45882070464329E-009x^5 + 1.48914753512296E-007x^4 - 7.01726452611764E-006x^3 - 0.000127066 "olynomial (4Ui'FUo 27)



4Ui'FUo 927 - 0.0015726647x^2 + 0. f(x) = - 1.52785958685673E-011x^6 + 4.75779358452411E-009x^5 - 0.000000593x^4 + 3.83986480875056E-005x^3 "olynomial 9 (4Ui'FUo 927)
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 6x^2 + 0.0356861261x + 1.5936179652



771x^2 + 0.0296971294x + 1.017428132



x^2 + 0.0295722168x + 0.6027534272 529165999x + 0.0771661652
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