THE RESPONSE TO THE A REVIEWER’S COMMENTS

1. The first comment:
The burner design is not clearly described. According to Figure 1, the tangential inputs are shifted relative to each other, but this is not described in the text of the paper. It is also necessary to show the cross-section of the burner.
Response:
The burner design will be described clearly and will be accompanied with burner cross section and longitudinal display. The tangential inputs are not shifted relative to each other, but they are simultaneously flowed by air at the same velocity.
Modification:
Article before modification:
On the bottom of page 5, it was described the burner design as follows: The geometry of the biomass burner used in this study consists of the inlet and body sections. The inlet section is a cylindrical pipe embedded by an extended axial inlet and two pairs of tangential injections. The geometry and dimensions of the proposed biomass burner are given in Figure 1a. The burner cylinder diameter and length were symbolized by Dbc and Lbc, while the diameter and length of the axial inlet were represented by Dai and Lai. The cross sectional shape of the tangential inlet was rectangular with the thickness of t and the width of . According to Ziqiang, et.al in [8], the tangential inlet orientation angle used in this study was 300.
[image: ]
Burner geometry and dimensions
Article after modification:
There are some clarifications, related to the burner design description, that have been added. The description of burner design after modification was given in special subsection (subsection 2.2). Cross and longitudinal sectional shape of the burner geometry have been also displayed in this subsection. 
The geometry of the proposed biomass burner consists of inlet and body sections, as shown in Figure 1. The inlet section was a cylindrical pipe embedded by an extended axial inlet and four tangential injections. The axial inlet was a cylinder with diameter of Dai and length of Lai and it was concentric with the cylinder of the inlet section. The tangential injection was rectangular duct with thickness of t, width of  and length of Lti. The fourth of the tangential injections were mounted symmetrically on the cylinder of inlet section. According to Ziqiang, et. al in [9], the tangential injection orientation angle used in this study was 300. Meanwhile, the body section of the burner was also a cylinder with diameter of Dbc and length of Lbc.
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	(c)
	(d)


1. Burner geometry and dimensions (a) complete geometry (b) longitudinal view
                              (c) cross section and (d) longitudinal field


2. The second comment:
Formula (9) does not correspond to definition of Iit at the bottom of page 3. Why the mass fluxes in (9) are in the second power
Response:
There is a mistake in referring to the statement of Chang and Dhir, in Chen et al. (1999) page 487. In the previously article, it was written that initial tangential intensity (Iit) is the ratio of the mass flux entering tangential inlet to the mass flux entering the burner cylinder,.... (page 3, at the 3rd paragraph). The true statement is that initial tangential intensity (Iit) is ratio of  the momentum flux through the tangential inlets to the total momentum flux through the test section. The mathematical formula for Iit given by Chen is presented in Equation (2.1).
	 
	(2.1)


Where M is momentum,  is the mass flow rate and A is the cross-sectional area. Meanwhile, the subscript t refers to the tangential inlet and T refers to the test section.
The following is the details of the formula derivation:
According to the definition, Initial Tangential Intensity (IIT) is the ratio of the total momentum flux through the tangential inlets to the total momentum flux through the test section, so it can be mathematically written as Equation (2.2). 
	 
	(2.2)

	Where;      
	(2.3)

	When Equation (2.3) is substituted to Equation (2.2), then Equation (2.2) changes into equation (2.4).

	
	(2.4)

	 
	(2.5)

	Where; 
	(2.6)


   = air density
  = mass flow rate through axial inlet
   = mass flow rate through tangential inlet 
  = mass flow rate through burner cylinder
   = cross sectional area of tangential inlet
   = cross sectional area of burner cylinder
The Equation (2.1), that was referred before from Chen et. al (1999), is incorrect and must be corrected by Equation (2.5).
Modification:
Article before modification:
· Written in the 3rd paragraph of page 3: ... that the initial tangential intensity (Iit), which is the ratio of the mass flux entering tangential inlet to the mass flux entering the burner cylinder,.... 
	· Equation (9) in the article initially written as follows: 
 
	  (2.7)


· On the top of page 7 initially written:   The initial tangential intensity value used was 1.8, which was calculated using equation (9).
Article after modification:
· The narration in the 3rd paragraph of page 3 has been corrected as follows: ... that the initial tangential intensity (Iit), which is the ratio of total momentum flux entering the tangential inlets to the total momentum flux entering the burner cylinder,.... 
	· The Equation (9) has been corrected accordingly, as shown in the equation below 
       
	      (2.8)


· The naration on the top of page 7 was corrected as follows: The initial tangential intensity value used was 3.7, which was calculated using equation (10).

























3. The third comment:
Equation (11) for turbulence intensity is incorrect.
Response:
There was a mistake in formulating the mean velocity of the average velocity component in the article. The velocity is a vector, so the mean velocity of the velocity component is the resultante of velocity components, it is not an arithmetic mean of velocity components.
By definition, Turbulent intensity (I) is the ratio of root-mean-square of the velocity fluctuations (u’rms) to the mean flow velocity (avg).

	
	          (3.1)

	Where,  
	          (3.2)

	 value is obtained from turbulent specific kinetic energy (k). The formulation of k is given by Equation (3.3)

	 
	          (3.3)

	For k-  turbulent model, where turbulent fluctuations ( and ) are considered equal in all directions (isotropic assumption), the accumulation of quadratic velocity fluctuation will be ruduce to

	  
	         (3.4)

	Thus, the equation of k can be simplified to be:

	  or  
	          (3.5)

	  
	          (3.6)

	So,  
Because,                                                                                           
	          (3.7)

          (3.8)

	Then,            
	          (3.9)


  The variable of k, , , and  are obtained from the solution of fluid dynamic equations     system [Lam dkk. 2012 and Basse, 2017].
Modification:
Article before modification:
On page 7 of the article, Equation (11) for turbulent intensity is written as follows.
	
	
        (3.9)






Article after modification:
The Equation (11) on page 7 of article has be replaced by the following equation.
	  or 
	    (3.10)














































4. The 4th comment:
It is unclear, where equation (12) for the heat transfer coefficient is taken from. Heat transfer depends on the burner design, boundary conditions, structure and regime of the flow. The paper considers only aerodynamics of an isothermal single-phase flow.
Response:
The particle decompositian process in the burner depend on the particle temperature. While the  particle temperature is determined by internal and external factors of the particle, as can bee seen in the equation below [Yazid, 2017]. 
      (4.1) 
Where:
	   
	: Particle density
	
	: Mass of char component

	
	: Heat capacity of particle
	
	: Mass of volatile component

	  
	: Convective heat transfer coef.
	
	: Mass of water component

	  
	: Surface area  of particle
	
	: Heat of oxidation reaction

	
	: Gas temperature
	
	: Heat of devolatilization reaction

	
	: Radiation source temperature
	
	: Latent heat of evaporation

	
	: Particle temperature
	
	: Time difference

	
	: Stefan-Boltzmann constant
	
	: Oxidation heat fraction which is   absorbed by particle or char

	
	: Thermal conductivity of particle
	
	


The internal or intrinsic factors in the above equation are; particle size and shape (), physical characteristic (, ,  and )  and chemical composition (,  and ). Meanwhile, the external factor include; mixing or aerodynamic (),  air or oxigent concentration (), surrounding temperature ( and ) and residence time (dt). Nag in [7] abbreviate these external factors as MATT (Mixing, Air, Temperature and Time).
In the above equation, it has been seemed that convective heat transfer coefficient () contribute in determining the particle temperature in the burner. It means that airodynamic in the burner also affects the decomposition process. But, for a certain design and in the isothermal condition, apart from the intrinsic factor of the fluid (, c, µ and ), the value of  is only determined by the mean fluid velocity, as shown in Equation (12). The higher the mean fluid velocity the higher  the convective heat transfer coefficient and vise versa.  
 						             (4.2)
So, convective heat transfer coefficient profile in isothermal condition can be represented by the fluid velocity profile. Therefore, the analysis of heat transfer will be eliminated from the article.
Modification:
Article before modification:
The response variables values, such as backflows penetration, turbulent intensity (I), heat transfer rate (h), velocity and pressure profiles, were presented in form of curves, contours, vectors or flow pathlines. The flow turbulent intensity was determined by the equation (11), while the convective heat transfer coefficient was calculated using Diffus Boelter equation, as given in equation (12).
	
	  (4.3)

	 
	 (4.4)



Article after modification:
The response variables used were extracted from the dependent variables resulted from the simulation. They were flow structure, pressure drop and degree of mixing. The flow structure was represented by recirculation flows pattern and velocity profiles, while the pressure drop was depicted by the static pressure profile. The degree of mixing was represented by the turbulent intensity and it was determined through equation (12). 
	
	(12)



















5. The 5th comment:
Figures 2-5 are too small; nothing can be seen there.
Response:
All figure will be visualized as clearly as possible. 
Modification:
Article before modification:
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	Figure 2 The tornado-tail like flow patterns (primary vortex) for several axial inlet diameters
	Figure 3 The secondary vortex patterns on the center of burner cylinder for several axial inlet diameters



[image: E:\Paper-06\upgrate gambar\model asosiasi.png]
Figure 4 The association patterns of the primary and the secondary vortexs
[image: vektor kecepatan]
Figure 5 The axial velocity vectors along the burner cylinder and radially axial velocity profile at z = 0 m





Article after modification:
[image: ]
Figure 2  The tornado-tail like flow patterns (primary vortex) for several axial inlet diameters
[image: ]
Figure 3 The secondary vortex patterns on the center of burner cylinder for several axial inlet diameters
[image: ]
Figure 4 The association patterns of the primary and the secondary vortexs
Figure 5 in the original article was eliminated and substituted by the Figure 2 in revised article.






















6. The 6th comment:
Figure 2а is presented for the relative diameter of 0.2, but not 0.33.
Response:
Its true that the relatif diameter in Figure 2 point a is 0.2. It is will be corrected.
Modification:
Article before modification:
[image: ]
Figure 2  The primary vortex for several axial inlet diameters
Article after modification:
Because there is a change in image viewing, Figure 2 now becomes figure 3.
[image: ]
1. The primary vortex for several axial inlet diameters
7. The 7th comment:
It is unclear what is in Figures 2-4? Are there trajectories or streamlines? Are the values averaged or instantaneous?
Response:
All simulations in this study were conducted in steady state condition. Therefore, the fluid trajectories and fluid streamlines are similar. Fluid streamlines in Figure 2-4 were colored by the magnitude of magnitude velocity. Figure 2-4 displayed the structure of backflow or recirculation flow formed in the burner cylinder for several axial inlet diameters. Complete recirculation flow structures, in the burner cylinder, were shown in Figure 4. These flow structures consisted of primary vortex (Figure 2) and secondary vortex (Figure 3).
Modification:
Article before modification:
The simulation results showed that the backflows are formed for all axial inlet diameters (Dai) used. The backflows pattern is a vortex that resembles a tornado-tail, as shown in Figure 2. The backflows penetrated from the furnace box to the burner cylinder and named as primary vortex. The length of the backflows penetration was inversely proportional to the Dai. The smaller the Dai value, the longer the backflows penetration was formed and vice versa....
Article after modification:
The flow pathlines exhibited that the recirculation flow in the burner cylinder forms an integrated vortex that resembles a tornado tail, as shown in Figure 3-5. The integrated vortex consisted of two vortices, namely primary vortex and secondary vortex. The primary vortex is a vortex that extends from the furnace box to the burner cylinder, as shown in Figure 3. The penetration of primary vortex was determined by the relative diameter of axial inlet (Dai/Dbc). The smaller the (Dai/Dbc) value, the longer the backflows penetration was formed and vice versa. While the secondary vortex is a vortex that formed in the burner cylinder itself, as shown in Figure 4. There were two kinds of secondary vortex flow orientations; the one with opposite direction with the primary vortex, as shown in Figures 6a and 6b, and the one with unidirectional with the primary vortex, as depicted by Figures 6c-6f.













8. The 8th comment:
The design diagram in Figure 1 includes the combustion chamber. However, there are no any data on the flow structure in this chamber.
Response:
The combustion chamber or furnace box included in Figure 1 is intended to explain the simulation condition and to adjust the parameters values in the modeling software. 
Modification:
Article before modification:
There are no any data on the flow structure in the furnace box. 
Article after modification:
A discussion of the fluid dynamics behavior has been devoted in the burner cylinder only. 















9. The 9th comment:
It is stated that Figure 5 shows the axial-velocity vectors. It is not right. In fact, the velocity vectors in the plane of the longitudinal cross-section of the burner are shown. It is unclear what the color of arrows means.
Response:
Figure 5 is an integration of two pictures those are a longitudinal axial velocity vector and a curve or profile of axial velocity at z = 0. The longitudinal axial velocity vector  is intended to show the distribution of axial velocity along zy plane. It can indicate the backflows at the center of the cylinder, which is marked by the direction of the left-pointed vector. While the axial velocity profile, at the boundary plane of inlet section and burner cylinder (z=0), is intended specifically to show the axial velocity distribution, radially. 
To make clearer, Figure 5 will be displayed in a different way and will be equipped with a color map (see Figure 2 in the revised article).
Modification:
Article before modification:
At Dai/Dbc of 0.20, the axial velocity vectors, at the outer wall of the axial inlet pipe of the inlet section, lead to the right, indicating that there was backflows in that area, as can be seen in Figure 5a. The presence of the backflows in the inlet section was also revealed from the xy plot of the axial velocity, where at z = 0.0 m, they looked to have negative values around that area. The backflows would drag some of the fuel particles into the inlet section. The fuel particles then flew into the furnace through the near wall zone of the burner, without having any contact with the hot flue gas contained in the primary vortex stream, in the center of the burner. Thus, this had the potential to reduce the performance of the decomposition process in burner cylinder, especially the performance of heat transfer.
Article after modification:
The simulation results showed that the flow structure in the burner cylinder consists of recirculation and non-recirculation flows, as shown in Figure 2. The recirculation flows occured at the center of the burner cylinder, while non-recirculation flows occured in the area near the burner wall. In Figure 2a, the axial velocity distribution of the velocity vector, on longitudinal fields namely zx and zy planes of the burner, was presented. The recirculation flow was represented by the axial velocity vector leading to the left on the center of the burner cylinder. Meanwhile in Figure 2b, it was displayed the distribution of axial velocity at several cross sections along the burner cylinder. The recirculation flow was represented by purple and blue colors of the axial velocity vector at the center of each cross section field. 



10. The 10th comment:
To understand the structure of the flow, in addition to Figure 5, it is necessary to show the velocity fields in the cross-sections of the burner.
Response:
A fluid velocity profile at some cross-sectional areas will be included in the article. 
Modification:
Article before modification:
[image: vektor kecepatan]
Figure 5 in Original article
Article after modification:
[image: ]
Figure 2 in revised article







11. The 11th comment:
Data on turbulence intensity in the range of 130-150 % are shown in Figure 6. These data are questionable, since even for highly turbulent flows this value is usually about 20-30%.
Response:
The corrected formula for turbulent intensity equation has been given in equation (3.9). From the equation, it is possible to have turbulent intensity value more than 100%, theoretically. Recalculation of turbulent intensity was shown in Figure 6,  in the revised article. The turbulent intensity of 20-30 % for high swirl flow is an approach to set the inlet condition. 
Modification:
Article before modification:
[image: E:\Paper-06\upgrate gambar\gambar 7_500dpi.tif]
Figure 6 Turbulent intensity and heat transfer coeficient profiles along the burner cylinder

Article after modification:
[image: ]
Figure 6 Turbulent intensity profile in the burner cylinder; (a) radially, at several z positions in zy plane for Dai/Dbc=0.33, (b) radially, at several z positions in zx plane for Dai/Dbc=0.33, and (c) at the centerline of the burner cylinder for several Dai/Dbc values.

12. The 12th comment:
The behavior of fuel particles in the burner is discussed in the paper. However, no calculations of particle motion were carried out. Therefore, no conclusions about the behavior of particles are justified because the motion of particles depends on the density of particle material, size and shape of particles, and tangential component of the gas velocity.
Response:
In addition to fuel delivery, the burner cylinder is also expected to function as a fuel decomposition chamber. It is true that, the particle dynamic depend on internal (intrinsic) and external factors. Some of the internal factors that influence the particle dynamic are particle density, size and shape, while the external factors are air velocity, and burner geometry. 
The discrete phase modeling are not conducted here, so the particle dynamic behaviors are not also obtained from the simulation.  It will be the object of further research after the intrinsic parameters of the biomass particles are obtained. This article will focus on the fluid dynamic behaviors only.
Modification:
Article before modification:
The backflows would drag some of the fuel particles into the inlet section. The fuel particles then flew into the furnace through the near wall zone of the burner, without having any contact with the hot flue gas contained in the primary vortex stream, in the center of the burner. Thus, this had the potential to reduce the performance of the decomposition process in burner cylinder, especially the performance of heat transfer.
Article after modification:
There is no discussion about the particle dynamic in the revised article.















Conlusion
1. All comments have been responded
2. The mayor revision was made to the original article 
3. The revised article only focused on the discussion about the fluid dynamic behavior especially the flow structure
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