






































  

20 
 

CLAIMS  

1. A reverse osmosis system comprising: 

 

a pump operable to pressurize a feed stream; 

 

a first membrane array configured to receive the feed stream and to generate a first permeate 

stream and a first brine stream from the feed stream; 

 

a second membrane array configured to receive the first brine stream and to generate a 

second permeate stream and a second brine stream from the first brine stream; 

 

a first turbocharger comprising a first turbine configured to receive the second brine stream 

and to use first energy from the second brine stream to selectively increase a first pressure of 

the first brine stream, said first turbine comprising a first turbocharger housing comprising a 

first bypass passage associated with a first bypass valve, a first main nozzle communicating 

a first part of a first portion of the second brine stream to a first volute and a first auxiliary 

nozzle comprising a first auxiliary valve selectively communicating a second part of the first 

portion of the second brine stream to the first volute; 

 

a second portion of the second brine stream is communicated through the first bypass valve 

and wherein the first portion and second portion combine to reform the second brine stream; 

 

a second turbocharger comprising a second turbine configured to receive the second brine 

stream after the first turbocharger and to use second energy from the second brine stream to 

increase a second pressure of the feed stream, said second turbine comprising a second 

turbocharger housing comprising a second bypass passage associated with a second bypass 

valve, a second main nozzle communicating a first part of a third portion of the second brine 

stream to a second volute and a second auxiliary nozzle comprising a second auxiliary valve 

selectively communicating a second part of the third portion of the second brine stream to the 

second volute; 

 

a fourth portion of the second brine stream is communicated through the second bypass valve; 

 

a first flowmeter generating a first flow signal corresponding to a first flow of the first permeate 

stream; 
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a second flowmeter generating a second flow signal corresponding to a second flow of the 

second permeate stream; 

 

a third flowmeter generating a third flow signal corresponding to a third flow of the second 

brine stream; 

 

a motor coupled to the second turbocharger, operable to use energy from a power supply to 

drive the second turbocharger; 

 

a controller in communication with the first flowmeter, the second flowmeter, and the third 

flowmeter, said controller controlling the first auxiliary valve, the first bypass valve, the  

second auxiliary valve and the second bypass in response to the first flow signal, the second 

flow signal and the third flow signal. 

 

2. The reverse osmosis system of claim 1 further comprising first valve stem forming both the 

first bypass valve and the first auxiliary valve and further comprising second valve stem 

forming both the second bypass valve and the second auxiliary valve. 

 

3. The reverse osmosis system of claim 2 wherein the first valve stem comprises a first port 

coupled therethrough so that when the auxiliary nozzle is partially opened, a portion of bypass 

fluid bypasses the turbine through the port. 

 

4. The reverse osmosis system of claim 3 wherein the first port comprises a plurality of ports 

disposed in parallel, said plurality of ports sequentially opening as the first valve stem moves 

to open the auxiliary nozzle. 

 

5. The reverse osmosis system of claim 1 further comprising a first valve stem selectively closing 

the first auxiliary nozzle and a second valve stem selectively closing the first bypass passage. 

 

6. The reverse osmosis system of claim 5 wherein said first valve stem and said second valve 

stem are independently controllable using the controller. 

 

7. The reverse osmosis system of claim 5 wherein said first valve stem and said second valve 

stem are perpendicularly disposed. 
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8. The reverse osmosis system of claim 5 further comprising a third valve stem selectively 

closing the second auxiliary nozzle and a fourth valve stem selectively closing the second 

bypass passage. 

 

9. The reverse osmosis system of claim 8 wherein said third valve stem and said fourth valve 

stem are independently controllable using the controller. 

 

10. The reverse osmosis system of claim 1 wherein said motor is operable to use second energy 

from the second brine stream to provide power to the power supply. 

 

11. A method for operating a reverse osmosis system, the method comprising: 

 

directing a feed stream to a first membrane array to separate the feed stream into a first 

permeate stream and a first brine stream; 

 

directing the first brine stream to a second membrane array to separate the first brine stream 

into a second permeate stream and a second brine stream; 

 

determining a first flow signal corresponding to a first flow in the first permeate stream; 

 

determining a second flow signal corresponding to a second flow in the second permeate 

stream; 

 

determining a third flow signal corresponding to a third flow in the second brine stream; 

 

receiving the second brine stream at a first turbine of a first turbocharger, said first turbine 

comprising a first turbocharger housing comprising a first bypass passage associated with a 

first bypass valve, a first main nozzle and a first auxiliary nozzle; 

 

communicating a first part of a first portion of the second brine stream to a first volute through 

the first main nozzle; 

 

selectively communicating a second part of the first portion of the second brine stream to the 

first volute through a first auxiliary valve of the first auxiliary nozzle; 

 

communicating a second portion of the second brine stream through the first bypass valve; 

and 
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combining the first portion and second portion combine to reform the second brine stream; 

 

determining a first auxiliary nozzle valve setting and a first bypass valve setting in response to 

the first flow signal and the third flow signal; 

 

receiving the second brine stream at a second turbine of a second turbocharger, said second 

turbine comprising a second turbocharger housing comprising a second bypass passage 

associated with a second bypass valve, a second main nozzle and a second auxiliary nozzle; 

 

communicating a first part of a third portion of the second brine stream to a second volute 

through the second main nozzle; 

 

selectively communicating a second part of the third portion of the second brine stream to the 

second volute through a second auxiliary valve of the second nozzle; 

 

communicating a fourth portion of the second brine stream through the second bypass valve; 

 

determining a second auxiliary nozzle valve setting and a second bypass valve setting in 

response to the second flow signal and the third flow signal; and 

 

controlling a torque output of a motor-generator coupled to the second turbocharger to adjust 

an amount by which the second turbocharger increases a pressure of at least one of the feed 

stream and the first brine stream in response to the first flow signal. 

 

12. The method of claim 11 further comprising independently controlling the first auxiliary nozzle 

and the first nozzle valve within a controller. 

 

13. The method of claim 11 simultaneously controlling the first auxiliary nozzle and the first nozzle 

valve with a controller. 

 

14. The method of claim 11 wherein the step of determining the second auxiliary nozzle valve 

setting and a second bypass setting comprises iteratively determining the second auxiliary 

valve setting and the second bypass valve setting. 
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15. The method of claim 11 wherein when the first flow signal is above a first threshold reducing 

boost of the first hydraulic pressure booster by closing a first auxiliary nozzle valve and 

opening a first bypass valve. 

 

16. The method of claim 15 wherein when the first flow signal is below a second threshold 

increasing boost of the first hydraulic pressure booster by opening the first auxiliary nozzle 

valve and opening the first bypass valve. 

 

17. The method of claim 16 wherein when the third flow signal is above a third threshold, 

increasing brine flow restriction by closing the first auxiliary nozzle valve and closing the first 

bypass valve. 

 

18. The method of claim 17 wherein when the third flow signal is below a fourth threshold, 

reducing brine flow restriction opening the first auxiliary valve and opening the first bypass 

valve. 

 

19. The method of claim 18 wherein when the second flow signal is above a fifth threshold, 

reducing pressure boost of a second hydraulic turbocharger by closing a second auxiliary 

nozzle and opening a second bypass valve. 

 

20. The method of claim 19 wherein when the second flow signal is below a sixth threshold, 

increasing boost of the second hydraulic turbocharger by opening the second auxiliary valve 

and closing the second bypass valve. 

 

21. The method of claim 20 wherein when the third flow signal is above a seventh threshold, 

increasing brine flow restriction by closing the second auxiliary valve and closing the second 

bypass valve. 

 

22. The method of claim 21 wherein when the third flow signal is below an eighth threshold, 

reducing brine flow restriction by opening the second auxiliary valve and opening the second 

bypass valve. 

 

 


