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H I G H L I G H T S

• A simple way to calculate the rotor speed of self-driven RERD was presented.
• Impulse torque was studied at different flow rates and oblique ramp angles.
• A theoretical formula for calculating the rotor speed was built for the self-driven RERD.
• Experimental rotor speed is in agreement with that of the CFD and theoretical results.
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The theory about how to calculate the rotor speed for a self-driven rotary energy recovery device has been inves-
tigated by methods of computational fluid dynamics simulation and validating experiments in this paper. Rotor
speed can be obtained according to impulse torque of the rotor and its frictional resistance. Impulse torque was
simulated at different flow rates and oblique ramp angles, and the frictional resistance can be calculated accord-
ing to the Newton's law of viscosity. Simulative rotor speedwas in agreementwith the experimental rotor speed,
indicating that the simulation model was reasonable. Based on the simulation results, a theoretical formula was
established between rotor speed and key dimensions of the self-driven device, which provides a simple way to
calculate and predict the rotor speed in the designing of an eligible device.
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1. Introduction

As an important water desalination technology, sea water reverse
osmosis (SWRO) technology is now a well-established water desalina-
tion way to alleviate the water crisis globally [1–4]. The rotary energy
recovery device (RERD) can effectively recover the pressure energy
from the rejected high pressure brine on the principle of positive dis-
placement [5,6] and is well known and widely used in the SWRO desa-
lination, where energy costs account for saving approximate 40% of the
operating cost [7–9].

The schematic representation of the RERD is provided in Fig. 1. The
core components of the RERD are the seawater endcover, the rotor,
and the brine endcover. The seawater endcover contains a port for in-
coming low pressure seawater (LP-IN), and a port for outgoing high
pressure seawater (HP-OUT). The brine endcover likewise embodies

two ports (HP-IN and LP-OUT) [10]. The rotor containing axial ducts ar-
ranged in a circle is fit into a rotor sleeve between the seawater
endcover and the brine endcover. The RERD transfers the hydraulic en-
ergy from the rejected high pressure brine to the low pressure seawater
by putting the streams in a direct, momentary contact in the rotor ducts
[5,11,12]. At any time, half of the rotor ducts are exposed to low pres-
sure stream and the other ducts to the high pressure stream [13]. As
the rotor turns, the ducts pass a sealed area that separates high and
low pressure areas [14].

The rotor is the only rotating part of the device, which is driven ei-
ther by a motor or by the streams into the rotor channels. Usually, the
RERD with the later driven mode was defined as the self-driven device
such as the PX device [10] which has been widely used in many SWRO
plants due to the advantages of not needing amotor and easy operation.
The rotor speed is a key parameter to determine the mixing of the de-
vice, which is one of the main parameters that qualify the performance
of the device [11]. However it is difficult tomeasure and adjust the rotor
speed on the basis of the flow rate timely in order to limit themixing to
a certain level for self-driven RERD. A suitable rotor speed needs to be
obtained based on the flow rate of the device during its design phase.
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So it is significant to build the relation between the rotor speed and the
flow rate in order to design an elegant self-driven device.

Leif Hauge [15] illustrated the impulsemomentumprinciple for self-
driven device and indicated that the rotor speed has a relation with the
oblique ramp, the stream velocity and frictional resistance of the rotor.
Gonzalo G. Pigue [16] discovered that the oblique ramp angle in HP-IN
port cause directional flow of high pressure fluid into the rotor ducts
to force the rotor to revolve in a first angular direction, while reverse
oblique ramp in LP-IN port cause directional flow of low pressure fluid
into of the rotor ducts to provide an additive impetus to boost the
rotor to revolve in the first angular direction. The oblique ramp at an ap-
propriate angle within the range of about 12° and 65° was also given. In
conclusion, previous research have revealed that the oblique ramp and
the stream velocity are themain factor affecting the rotor speed, but the
specific relationship or functionwas not given among the oblique ramp,
the flow rate, frictional resistance of the rotor and the rotor speed.

The paper aims to find a proper way to calculate the rotor speed ac-
cording to the frictional resistance of the rotor and its impulse torque, to
reveal how the oblique ramp angel and the flow rate influence the rotor
speed, and to establish a theoretical formula about the rotor speed.

2. Experiments

The experiments tomeasure the rotor speedwere carried out with a
self-driven RERD in our laboratory. For this device, the rotor speed was
determined by the flow rate and its oblique ramp angel. Fig. 2 provides
the two-dimensional central cylindrical diagram of the endcover. The
angle α in this figure was defined as the oblique ramp angle which is
about 20° for the device.

Fig. 3 shows the picture of the experimental device. As the rotor was
laid in a confined space, the laser velocimeter which is a typical non-
contact method of measuring speed was chosen to measure the rotor
speed. The laser from the laser velocimeter can pass through the glass
window showed in Fig. 3, and is reflected by four reflective sheeting
symmetrically glued on the rotor, and returns to the laser velocimeter
through the glass window. The velocimeter can calculate the rotor

speed according to the interval between the reflections with a testing
range of about 0 to 9999 rpm and a precision of about ±12 rpm.

The experimental flow diagram is given in Fig. 4. Fresh water was
used in the experiment instead of the seawater and brine, because the
density of the three fluids is similar and its corresponding influence on
the rotor speed is not significant. The fresh seawater pump provided
the low pressure fluid to the device, the booster pump was used to cir-
culate the high pressure fluid within the system, and the high pressure
pumpwas adopted tomaintain a high pressure environment in this sys-
tem. The pressure of the high pressure fluid was adjusted by a bypass
valve V1. The flow rate of the high pressure fluid and the low pressure
fluid were adjusted by valve V2 and V3, respectively. A data-acquisition
systemwas designed and incorporated in the experiment. The pressure
and the flow rate of the streams in and out the RERD were measured
through the corresponding transducers with a precision of ±0.5%.

During the experiment, the pressure of HP-IN was 6.0 MPa which is
referenced according to the working pressure of the SWRO. The exper-
imental flow rate ranged from 7.0 m3/h to 11.0 m3/h, and the flow rate
of HP-IN was always maintained equal to that of the LOW-IN.

Fig. 1. The schematic representation of the RERD.

Fig. 2. Two-dimensional central cylindrical diagram of the endcover. Fig. 3. Picture of the experimental device.

190 E. Xu et al. / Desalination 398 (2016) 189–197



Download English Version:

https://daneshyari.com/en/article/622705

Download Persian Version:

https://daneshyari.com/article/622705

Daneshyari.com

https://daneshyari.com/en/article/622705
https://daneshyari.com/article/622705
https://daneshyari.com

