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Dear, 
We wish to submit an original research article entitled “NUMERICAL ANALYSIS THE EFFECT OF VORTEX FLOW ON THERMAL HYDRAULIC PERFORMANCE OF SPRAY DRYER” for consideration by SINERGI. 
We confirm that this work is original and has not been published elsewhere, nor is it currently under consideration for publication elsewhere.
In this paper, we report on / show that: 
	Topic
	:
	Numerical Analysis The Effect of Vortex Flow on Thermal Hydraulic Performance of Spray-Dryer

	Brief Background
	:
	Spray dryer has been used widely in many industries such as food, beverage, and diary. Many applications have been done using spray-dryer for example encapsulation, drying process even cooling process. In drying process using spray-dryer has been challenging since there is contained of volatile product that would degrade at drying high temperature.  
The advantage of spray dryer regarding on drying process are about 8 times more economic than freeze drying and 4 times than vacuum drying since less consumption of electric power. Moreover, the other benefit is short direct contact which is really important for preserving of sensitive quality attribute such as nutrient, color and the flavors. The final product of spray-dryer is very stable because of low moisture content and water activity. Under this condition it would reduce microbiological and degradation of oxidation.   
The operating temperature in some of applications industry is operate between 150-220C for inlet air dryer and outlet 50-80C which could damage sensitive and volatile compound i.e. vitamin C, anthocyanins, lycopene, colors and flavors even for cheese industry its operating temperature is between 180-190C. 
  Many innovative designs have been proposed using CFD to study and examine their performance on various model The previous study investigate on different configuration of chamber design in spray dryer. This study provides that most of study recently used κ-ε model as turbulence modelling especially in 3D and some development of chamber configuration were elaborated such as spray-dryer with rotary atomizer.  The advantage of using rotary atomizer compared to pressure nozzle spray is that more volume of drying chamber is effectively used since its rotation helps the dispersion of droplet. In some cases pressure or twin fluid nozzles produces larger volume of distribution than rotary.

	Research Problem
	:
	Based upon the sensitive product problem and the effect of vortex-swirl flow that could enhance heat transfer, the novel design of spray-dryer was proposed in this study. The study was conducted to examine the design of spray-dryer whether varying number of inlets could increase heat transfer at moderate temperature by generating vortex and swirl flow enhancement. This study is also analyzing thermal-hydraulic performance of spray-dryer. 

	Overview of Method
	:
	This research was conducted to develop spray-dryer design in order to improve thermal-hydraulic performance which has high transfer rate and low pressure drop at moderate temperature. The design is varied by number of inlets categorized as follows: design A with 1 inlet, design B with 2 inlet and design 3 with 3 inlets. This simulation is using ANSYS FLUENT17 and independency of mesh was evaluated to improve the result of simulation. The efficient mesh number is obtained from independency of mesh at around one million. 

	Significant finding
	:
	· The effect of Vortex Flow on thermal-hydraulic of Spray-Dryer 
· Finding the novel model of geometry that would increase heat transfer at moderate temperature
· this result would be the fundamental reason in designing spray-dryer geometry
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