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Abstract: An improved model to calculate the length of the mixing chamber of the ejector was proposed on the basis of the Fano flow model, and a method to optimize the structures of the mixing chamber and diffuser of the ejector was put forward. The accuracy of the model was verified by comparing the theoretical results calculated using the model to experimental data reported in literature. Variations in the length of the mixing chamber Lm and length of the diffuser Ld with respect to variations in the outlet temperature of the ejector Tc, outlet pressure of the ejector pc, and the expansion ratio of the pressure of the primary flow to that of the secondary flow pg/pe were investigated. Moreover, variations in Lm and Ld with respect to variations in the ratio of the diameter of the throat of the motive nozzle to the diameter of the mixing chamber dg0/dc3 and ratio of the outlet diameter of the diffuser to the diameter of the mixing chamber dc/dc3 were investigated. The distribution of flow fields in the ejector was simulated. Increasing Lm and dc3 reduced Tc and pc. Moreover, reducing pg/pe or dg0/dc3 reduced Tc and pc. The length of the mixed section Lm2, which was determined on the basis of the Fano flow model, increased as pg increased and decreased as dc3 increased. The mixing length Lm1, which was considered the primary flow expansion, showed the opposite trend with that of Lm2. Moreover, Ld increased as pg/pe and dc/dc3 increased. When the value of dc was 1.8 to 2.0 times as high as that of dc3, the semi-cone angle of the diffuser ranged between 6° and 12°. At a constant dc/dc3, decreasing Tc and pc increased Ld.
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Nomenclature


	A	cross-sectional area (m2)

	cp	specific heat at a constant pressure (kJ/kg⋅K)

	D	diameter (m)

	f	coefficient of friction

	k	adiabatic index

	L	length (m)

	m˙	mass flow rate (g/s)

	Ma	Mach number

	NXP	position of the nozzle exit

	p	pressure (MPa)

	r	radius (m)

	Re	Reynolds number

	T	temperature (oC)

	T*	total temperature (oC)

	V	velocity (m/s)

	x	distance to section 2 (m)

	y	velocity ratio



Greek symbols


	α	semi-cone angle of the diffuser

	η	efficiency

	θ	semi-cone angle of the mixing chamber

	μ	entrainment ratio or viscosity coefficient



Subscripts


	c	outlet diameter of the diffuser

	c3	mixing chamber at section 3

	ce	experimental value of the diffuser outlet

	cn	mixing chamber at section n

	d	diffuser

	e	secondary flow

	e2	secondary flow in section 2

	g	primary flow

	g0	throat of the motive nozzle

	g1	primary flow in section 1

	g2	primary flow in section 2

	m	mixing chamber

	m1	length of the mixing section

	m2	length of the mixed section

	n	throat of the nozzle

	s	shock wave

	z	distance to section 3



1  Introduction

Compared to conventional mechanical supercharging equipment (compressors, pumps, and blowers), ejectors have lower energy consumption and a simpler structure. Ejectors have been used in the refrigeration system to recover the energy of the high-pressure fluid and reduce the power of the compressor to improve the circulation efficiency of the system [1]. In addition, ejectors have been widely used in the nuclear industry [2], chemical industry [3], aerospace industry [4], thermal-power generation [5], and food drying [6].

Nevertheless, the flow characteristic of the ejector is complicated due to non-equilibrium, entrainment, condensation, collision, and friction. Many scholars have carried out steady-state simulations, computational fluid dynamic (CFD) analyses, and experimental tests to investigate the performance of the ejector. Especially, CFD-based simulation and analysis can provide detailed information on the flow field [7]. Peng et al. [8] built a three-dimensional CFD model to analyze the influence of the distance of the standoff from the nozzle outlet on the performance of a high-speed rotating water ejector. Wang et al. [9] proposed a control method to reduce non-equilibrium condensation in the motive nozzle of the ejector. Yang et al. [10] used a CFD model to investigate the non-equilibrium condensation of steam in the supersonic ejector. An accurate analysis of a non-equilibrium flow can optimize the motive nozzle of the ejector. Moreover, except for understanding the local flow characteristic, the whole flow properties of ejector are more necessary and important. Wu et al. [11] used a CFD model to analyze the effects of the following parameters on the distribution of flow fields in the ejector: the diameter of the outlet of the motive nozzle, position of the nozzle exit (NXP), diameter of the contraction section of the mixing chamber, and diameter of the diffuser. Nakagawa et al. [12] conducted experimental studies on the flow structure of the ejector, and pointed out that the length of the mixing section affects not only pressure recovery but also entrainment ratios. Dong et al. [13] established a three-dimensional numerical model to investigate the effect of the length of mixing chamber on the performance of steam ejector under different degrees of the Mach number in nozzle exit, the length of constant-area section and the length of diffuser. The results showed that the mixing chamber plays an important role in the performance of the ejector.

The function of the mixing chamber of the ejector is to mix the two fluids of the primary flow and secondary flow and ensure momentum and heat transfer [14]. Avila et al. [15] proposed a novel MLPG–finite volume method to obtain accurate pressure and velocity fields of the mixing flow. Zhu et al. [16] used CFD analysis to investigate the influence of the convergence angle of the mixing chamber on the mixing effect of the ejector. Wu et al. [17] studied the effects of the length and convergence angle of the mixing chamber on the performance of the ejector. Fu et al. [18] proposed a method to optimize the diameter of the mixing chamber. Abdel-hamid et al. [19] added a tail section to the mixing chamber of the ejector and studied the influence of the diameter of the tail section on the performance of the ejector. Serra-Pallares et al. [20] developed a method to optimize the conical mixing chamber of the ejector. Chen et al. [21] proposed a method to design a cylindrical mixing chamber on the basis of actual gas characteristics. Ameur et al. [22] carried out an experimental study to analyze the influence of the mixing chamber and diffuser on the performance of the ejector under different working conditions. The function of the diffuser is to convert the kinetic energy of the mixed fluid into pressure energy. Yuan et al. [23] researched the effect of the expansion range of the diffuser on the performance of the ejector. Elbel et al. [24] experimentally tested different diffuser angles and concluded that when the diffuser angle was 5°, the diffuser showed the best performance. However, Banasiak et al. [25] conducted experimental and numerical assessments of the expansion range of the diffuser, and found that 3° was the best expansion angle of the diffuser. Therefore, previous studies have shown that the expansion angle and length of the diffuser have an important influence on the pressure lift of the ejector. The suboptimal expansion angle and length of the diffuser are detrimental to the performance of the ejector.

Although there are many studies on the geometry of the ejector, there are few studies on the radial dimensions of the ejector. The axial dimensions of the ejector, including the position of the nozzle exit, length of the mixing chamber, and length of the diffuser are rarely studied on the basis a sound theoretical model [26]. In particular, the length of the mixing chamber, which is important to momentum and heat transfer, should be given more attention. At present, the length of the mixing chamber and that of the diffuser are mainly determined using the empirical formula obtained on the basis of experimental data [27]. However, the empirical formula may not be applicable to different working conditions and working media. The flow of a fluid in the mixing chamber shares many similarities to the Fano flow, which describes the adiabatic flow in a constant-section channel and considers the effect of friction. Thus, a theoretical method can be proposed on the basis of the Fano flow theory to determine the axial dimensions of the mixing chamber.

In this paper, we established a model to calculate the length of mixing chamber on the basis of the Fano flow. An improved method that considers fluid friction and cross-sectional flow variation was proposed to determine the length of the diffuser. To verify the model validity, we compared the theoretical results calculated using the model to experimental data reported in literature. The influence of the outlet temperature Tc and outlet pressure pc of the ejector, expansion ratio (the pressure of the primary flow to that of the secondary flow pg/pe), and diameter ratio (the diameter of the throat of the motive nozzle to the diameter of the mixing chamber dg0/dc3) on the length of the mixing chamber Lm was analyzed. Moreover, the influence of the diffuser length Ld on the semi-cone angle of the diffuser α and diameter ratio (the outlet diameter of diffuser to the diameter of mixing chamber dc/dc3) was discussed.

2  Mathematical Models

2.1 Mathematical Models of the Mixing Chamber

There were seven key assumptions made to derive the ejector model. First, the fluid flow was a one-dimensional steady flow, and the expansion, compression, and mixing processes were adiabatic. Second, the primary flow was in a stagnant state at the inlet of the ejector and a choked state at the throat of the motive nozzle. Third, the secondary flow was in a stagnant state at the inlet of the suction chamber and a choked state at the inlet of the mixing chamber (Section 2, Fig. 1). Fourth, the velocity of the diffuser outlet was ignored. Fifth, the mixing of the primary flow and secondary flow began in Section 2, and constant pressure was maintained in the mixing chamber (pg2 = pe2). The mixing of the primary flow and secondary flow was completed in section n. Sixth, positive shock waves occurred in Section 3 of the mixing chamber. Seventh, the friction between steam and the tube wall was considered, and the coefficients of friction in the mixing chamber and diffuser remained constant.
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Figure 1: A schematic diagram of the ejector structure

On the basis of the isentropic flow and mass conservation between the ejector inlet and motive nozzle outlet (Section 1, Fig. 1), we obtained the Mach number Mag1, pressure pg1, temperature Tg1, and mass flow rate m˙g of the primary flow in Section 1. Moreover, on the basis of the isentropic flow and mass conservation between the motive nozzle outlet and mixing chamber inlet Section 2, we obtained the Mach number Mag2, temperature Tg2, and cross-sectional area Ag2 of the primary flow in Section 2. Similarly, the pressure pe2, temperature Te2, and mass flow rate m˙e of the secondary flow in Section 2 were calculated on the basis of the chock in Section 2. The detailed processes to calculate the parameters of the primary flow and secondary flow were reported in reference [28].

2.2 The Length of the Mixing Chamber (Lm)

2.2.1 The Length Between Section 2 and Section n (Lm1)

Assuming that the mixing of two streams was completed in section n, we divided the length of the mixing chamber into two parts: the length of the mixing section (Lm1) that is located between the Section 2 and section n (Fig. 1) and the length of the mixed section (Lm2) that is located between section n and Section 3 (Fig. 1). On the basis of the assumption about constant-pressure mixing, we established equations to calculate the conservation of momentum and energy along the inlet of the mixing chamber (Section 2) and end position of mixing (section n). In section n, the velocity Vn, temperature Tn, and Mach number Man of the mixed fluid are:

ηm(Vg2+μVe2)=(1+μ)Vn(1)

(cpTg2+Vg222)+μ(cpTe2+Ve222)=(1+μ)(cpTn+Vn22)(2)

Man=Vn/VnknRTnknRTn(3)

where ηm was the mixing efficiency, μ was the entrainment ratio, and R was the gas constant.

In addition, along Lm1, two streams were mixed and the cross-sectional area of the primary flow changed due to the expansion of the primary flow. The mass flow rates of the two streams fluctuated due to the entrainment mechanism. Considering the change in the cross-sectional area of the primary flow, the variations in total temperature T* and mass flow rate of primary flow m˙g were deemed to be linear. Thus, Lm1 was calculated on the basis of a geometric relationship:

Lm1=(dcn−dg2)/(dcn−dg2)(2tanθ)(2tanθ)(4)

where θ was the semi-cone angle of the mixing chamber.

Due to variations in the cross-sectional area and frictional resistance of the fluid, the Mach number of the fluid was expressed by the following [27]:

dMaxdx=Max(1+k1−12Max2)1−Max2[−1AxdAxdx+1pg2AxdFxdx+1+k1Max22Tx∗dTx∗dx+1+k1Max2−yk1Max2m˙xdm˙xdx](5)

where x was the distance to Section 2. The variation in the conical channel dAx/dx was expressed as:

1AxdAxdx=4tanθdg2+2xtanθ(6)

The changes in the total temperature dTx∗/dTx∗dxdx and mass flow rate dm˙x/dm˙xdxdx of the primary flow in Section x were calculated according to:

1Tx∗dTx∗dx=(Tcn∗−Tg2∗)2tanθ(Tcn∗−Tg2∗)2xtanθ+(dcn−dg2)Tg2∗(7)

1mxdm˙xdx=2m˙etanθ2m˙extanθ+(dcn−dg2)m˙g(8)

The total temperature of fluids in Section 2 (Tg2∗) and that of fluids in section n (Tcn∗) were determined on the basis of the isentropic relationship. The initial value of the Mach number Ma was Mag2. The velocity ratio (y) was expressed as y = (Ve2 + Vn)/(Vg2 + Vn). The adiabatic index (k1) was calculated according to k1 = (kg2 + kn)/2.

The flow resistance of the primary flow was:

dFxdx=μe2πdg2dVe2dr(9)

The distribution of the radial velocity of the secondary flow in Section 2 was a nearly exponential distribution, and the detailed calculation was reported in reference [29].

2.2.2 The Length between Section n and Section 3 (Lm2)

After section n, the primary flow and secondary flow were completely mixed, and the cross-sectional area of the mixed flow remained unchanged. On the basis of the Fano flow model, the viscosity of the mixed fluid and friction between the fluid and wall of the mixing chamber were considered, and the Mach number of the mixed fluid in the outlet of the mixing chamber Mac3 was calculated according to [30]:

fnLm2dc3=k2+12k2lnMan2[2+(k2−1)Mac32]Mac32[2+(k2−1)Man2]+Mac32−Man2k2Man2Mac32(10)

where fn was the coefficient of friction that was expressed as [28]:

1fn=2lg(Refn)−0.8(11)

Adiabatic index k2 was calculated according to k2 = (kn + kc3)/2. The temperature Tc3 and pressure pc3 of the mixed fluid in Section 3 were defined as:

Tc3Tn=2+(k2−1)Man22+(k2−1)Mac32(12)

pc3pn=ManMac3Tc3Tn(13)

Assuming that a normal shock wave was generated at the exit of the mixing chamber (Section 3), the pressure ps, temperature Ts, and Mach number Mas of the mixed fluid after the shock wave were:

pspc3=2k3Mac32k3+1+1−k31+k3(14)

TsTc3=2k3Mac32−k3+1k3+1(k3−1k3+1+1k3+12Mac32)(15)

Mas2=(k3−1)Mac32+22k3Mac32−k3+1(16)

where k3 was calculated according to k3 = (kc3 + ks)/2. Then, on the basis of the isentropic relationship between Section 3 and section c, the pressure and temperature of the fluid in section c were calculated:

pcps=1ηd(1+k4−12Mas2)k4k4−1(17)

TcTs=1+k4−12Mas2(18)

where ηd was the efficiency of the diffuser, and k4 was calculated according to k4 = (kc3 + kc)/2. Thus, Lm was calculated according to Eq. (19):

Lm=Lm1+Lm2(19)

Fig. 2 shows a flowchart of the calculation process of Lm. On the basis of reference [28], we obtained the parameters of the fluid, such as the Man of the fluid in section n. Lm1 was calculated using Eq. (4). Then, the Runge–Kutta method was used to solve Eq. (5) and obtained Max. When Max and Man converge, the corresponding length was Lm1. Otherwise, another θ was used to make another calculation until Max and Man converge. To obtain Lm2, we assumed an initial value of Lm2 before calculating Mac3 using Eq. (10). Then, Tc was calculated using Eqs. (12)–(18). When Tc converged into Tce, Lm2 was obtained. Otherwise, new Lm2 was re-assigned until Tc and Tce converge. Eventually, Lm was obtained on the basis of the sum of Lm1 and Lm2.
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Figure 2: A flowchart of the calculation process of Lm

2.3 Mathematical Models of the Diffuser

By assuming that the mixed fluid was stagnant in the ejector outlet, we determined the Mach number of the mixed fluid in the ejector outlet Mac:

MacMas=Ac3psAcpcTcksTskc(20)

When the semi-cone angle of the diffuser was assumed to be α (Fig. 1), the diffuser length Ld was expressed as:

Ld=(dc−dc3)/(dc−dc3)2tanα2tanα(21)

Under the action of friction and variation in the cross-sectional area, the Mach number of the fluid in the diffuser was expressed as [27]:

dMazdz=Maz(1+k4−12Maz2)1−Maz2[−1AzdAzdz+k4Maz22fzdz](22)

where z was the distance to the exit of the mixing chamber (Section 3), and the diameter of section z was dz = dc3 + 2ztanα. The coefficient of friction of section z fz was expressed as fz = (fc3 + fc)/2, and the initial value of the Mach number was Mac3.

Ld was calculated by determining the outlet parameters of the mixing chamber and calculating Mac using Eq. (20). The outlet parameters of the mixing chamber were used as the input parameters of the diffuser. Then, Ld was calculated using Eq. (21). Moreover, the corresponding Mach number of the fluid in the diffuser Maz was obtained using Eq. (22). When Maz and Mac converged, the corresponding α and Ld were determined. Otherwise, a new α was used and the calculation was repeated until Maz and Mac had converged before Ld was determined.

3  Model Validation

The accuracy of the present model was verified by comparing the theoretical results calculated using the model to the experimental data reported in reference [28]. When R141b was used as the working medium, the inlet pressure and temperature of the ejector, diameter of the throat of the motive nozzle, diameter of the outlet of the motive nozzle, and diameter of the mixing chamber were consistent with the experimental values reported in reference [28]. Furthermore, the efficiency of the motive nozzle ηg, efficiency of the primary flow leaving the nozzle ηg1, efficiency of the suction chamber ηe, and efficiency of the diffuser ηd were 0.95, 0.88, 0.85, and 0.80, respectively. The mixing efficiency ηn was determined according to reference [28]. The entrainment ratio μ, outlet temperature Tc, and outlet pressure pc were calculated and compared to the experimental data reported in reference [28].

Table 1 shows μ values calculated using the present model and those obtained with experiments. The maximum error was 11.11%, the minimum error was 0.04%, and the average error was 6.76%.
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Fig. 3 shows comparisons between Tc values calculated using the present model and those obtained on the basis of experiments. Fig. 4 shows comparisons between pc values calculated using the present model and those obtained on the basis of experiments. As shown in Fig. 3, the maximum error and average error of the calculated Tc values were 4.49% and 0.79%, respectively. As shown in Fig. 4, the maximum error, minimum error, and average error of the calculated pc values were 15.41%, 0.05%, and 6.33%, respectively. Due to the position of the nozzle exit, theoretical and experimental heat transfer and friction inevitably differ.
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Figure 3: Comparisons between Tc values calculated using the present model and those obtained on the basis of experiments
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Figure 4: Comparisons between pc values calculated using the present model and those obtained on the basis of experiments

4  Discussion

On the basis of the structure and working conditions of the ejector reported in reference [28], the length of the mixing chamber Lm was analyzed under different degrees of expansion ratio pg/pe and diameter ratio dg0/dc3. Moreover, relationships among diffuser length Ld, pg/pe, and dc/dc3 were discussed.

4.1 The Relationship between Lm and pc and That between Lm and Tc

Fig. 5 shows the relationship between Lm and Tc under different degrees of pg/pe and dg0/dc3. The relationship between Lm and pc under different degrees of pg/pe and dg0/dc3 is shown in Fig. 6. Under different degrees of pg/pe and dg0/dc3, an increase in Lm decreases Tc and pc. Moreover, when Lm and pg/pe are constant, an increase in dg0/dc3 increases Tc and pc. When Lm and dg0/dc3 are constant, an increase in pg/pe increases Tc and pc. Due to the friction between the fluid and tube wall, the longer the Lm, the greater the energy loss of the mixed fluid, which decreases Tc and pc. When dg0/dc3 increases, the entrainment ratio and outlet pressure of the motive nozzle increase, which increases Tc and pc. The larger the pg/pe is, the greater the pressure recovery, and the greater the pc and Tc. Thus, Lm and dc3 should be increased to reduce Tc and pc.

[image: images]

Figure 5: Variations in Tc with respect to variations in Lm under different degrees of pg/pe and dg0/dc3
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Figure 6: Variations in pc with respect to variations in Lm under different degrees of pg/pe and dg0/dc3

4.2 Variations in Lm

Fig. 7 shows the variations in Lm1 and Lm2 with respect to variations in dg0/dc3 and pg. Figs. 7a and 7b show that a decrease in dg0/dc3 increases Lm1 and decreases Lm2. When dg0/dc3 and pe are constant, Lm1 increases and Lm2 decreases with the decrease of pg. When pg is 0.538 or 0.604 MPa, Lm2 increases and then decreases. When pg is 0.465 or 0.420 MPa, Lm2 decreases and then increases. An increase in dc3 decreases the flow velocity and increases Lm1. When pg increases, the flow rate of the primary flow in Section 2 increases. When dc3 decreases, the intensity of the mixing process increases and Mach number of the fluid in section n Man increases, which decreases Lm1. The regularity of Lm2, which was calculated on the basis of the Fano flow model, is not as obvious as that of Lm1. The main reason is the sensitivity of the friction coefficient model to working conditions. Moreover, when dc3 decreases and pg increases, the flow distance based on the Fano flow increases, which increases Lm2.
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Figure 7: Variations in Lm1 and Lm2 with respect to variations in dg0/d3

4.3 Variations in α and Ld

Fig. 8 shows the variations in α with respect to the variations in dc/dc3 under different degrees of pg/pe and dg0/dc3. When pg/pe is constant, α increases as dc/dc3 decreases. When pg/pe and dc/dc3 are constant, α increases as dg0/dc3 increases. Moreover, when dc/dc3 and dg0/dc3 are constant, α increases as pg/pe increases. Under a range at which dc = 1.8dc3–2.0dc3, α ranges between 6° and 12°. The recommended range of α was reported in references [24] and [25], but there are no significant differences between the calculated using the present model and the recommended in literature. The main reason is the diversity of working conditions such as the working medium and structures of the motive nozzle and mixing chamber.
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Figure 8: Variations in α with respect to variations in dg0/dc3

Fig. 9 shows the variations in Ld with respect to the variations in dc/dc3 under different degrees of pg/pe and dg0/dc3. As shown in Fig. 9, when pg/pe is constant, Ld increases approximately linearly as dc/dc3 increases. When pg/pe and dc/dc3 are constant, Ld decreases as dg0/dc3 increases. However, when dg0/dc3 and dc/dc3 are constant, Ld increases as pg/pe decreases. Under a range at which dc = 1.8dc3–2.0 dc3, Ld ranges from 9.7 to 34.2 mm.
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Figure 9: Variations in Ld with respect to variations in dc/dc3

4.4 Variations in Tc and pc with Respect to Variations in Ld

Fig. 10 shows the relationship between Ld and Tc, and Fig. 11 shows the relationship between Ld and pc. When dc/dc3 is constant, an increase in Ld reduces Tc and pc. Especially, Tc and pc decrease significantly when dc3 increases from 6.70 to 6.98 mm. Moreover, when Tc or pc is constant, the larger the dc/dc3, the larger the Ld. This is reasonable because an increase in Ld increases friction loss and decreases Tc and pc.
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Figure 10: Variations in Tc with respect to variations in Ld
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Figure 11: Variations in pc with respect to variations in Ld

4.5 The Distribution of Flow Fields in the Ejector

The two-dimensional CFD model was further developed by using Ansys software to obtain the distribution of flow fields in the ejector. Fig. 12 shows the geometric dimensions of the axisymmetric half-space ejector, which were determined on the basis of the experimental data reported in reference [28] except for the length of the mixing chamber. The corresponding grid chart is shown in Fig. 13. On the basis of the results of the above analysis, we chose Ld to be 32.29 mm and α to be 10°. Details on the operating conditions of the ejector are listed in Table 2.
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Figure 12: Geometric dimensions of the axisymmetric half-space ejector (length unit: mm)
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Figure 13: The grid chart of the ejector
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Fig. 14 shows the distribution of flow fields in the ejector, including the distribution of pressure, temperature, velocity, Mach number, and streamline of the fluid in the ejector. Fig. 14a shows that pressure reduces and then increases along the axis of the ejector, and there is a shock wave in the mixing chamber. As shown in Fig. 14b, due to entrainment in the suction chamber, a low-pressure region is produced and temperature decreases. In addition, the distribution of the Mach number, which is shown in Fig. 14c, and that of velocity, which is shown in Fig. 14d, indicates that the velocity of the fluid reaches supersonic speed in the nozzle throat, and the Ma of the fluid is close to 1.0. Then, the fluid with supersonic speed leaves the motive nozzle and flows to the location of the shock wave. Fig. 14e shows the fluid streamline in the ejector. The secondary flow enters the suction chamber, and the two streams begin to mix before flowing out of the ejector.
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Figure 14: Flow field distributions in the ejector

5  Conclusions

In this paper, an improved model to calculate the mixing chamber length was established on the basis of the Fano flow model, and a method was proposed to optimize the diffuser structure, which considered the frictional resistance and changes in cross-sectional area. To ensure the validity of the model, we compared the theoretical results calculated using the model to experimental data reported in literature. The average error of the calculated entrainment ratio μ was 6.76%, the average error of the calculated outlet temperature of ejector Tc was 0.79%, and the average error of the calculated pc was 6.33%.

Variations in mixing chamber length Lm and diffuser length Ld with respect to variations in Tc and pc were investigated. Variations in mixing section length Lm1 and mixed section length Lm2 with respect to variations in diameter ratio dg0/dc3 were discussed. Relationships among Ld, expansion ratio pg/pe, and diameter ratio dc/dc3 were analyzed. The distribution of flow fields in the ejector was obtained.

An increase in Lm1 decreased Tc and pc. Decreases in pg/pe and dc3 reduced Tc and pc. Furthermore, a decrease in primary flow pressure pg and an increase in mixing chamber diameter dc3 increased Lm1. Lm2 and Lm1 showed an opposite trend.

A decrease in pg/pe and an increase in dc/dc3 reduced the semi-cone angle of the diffuser α. Decreases in Tc and pc increased Ld. Moreover, when Tc or pc was constant, the larger the dc/dc3, the larger the Ld.

In the future, to perform more complicated and flexible computer-aided design (CAD), we will employ Non-Uniform Rational B-Splines (NURBS) to represent the geometry of the ejector. Then, isogeometric analysis [31] will be performed on the basis of the Fano flow model to connect CAD and numerical analysis. By using the control points of NURBS as design variables, we will adopt a gradient-based shape optimization algorithm to automatically search a large design space for the optimal geometry of the ejector. Furthermore, we will investigate the application of the isogeometric boundary element method, which has boundary representation properties, to reduce the dimension of the problem and facilitate the variation in geometry, thus, alleviate the mesh burden associated with iterative shape optimization procedures [32,33].
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Table 2: Operating conditions of the ejector

Parameters Values Parameters Values
The inlet pressure of primary 0.465 MPa The mass flow rate of primary 10.625 g/s
flow flow

The inlet temperature of primary ~ 357.15K The mass flow rate of secondary ~ 4.383 g/s
flow flow

The inlet pressure of secondary 0.040 MPa The outlet pressure of ejector 0.10 MPa
flow

The inlet temperature of 281.15K The outlet temperature of ejector  305.59 K

secondary flow
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