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Characteristics of liquid-core/liquid-cladding optical waveguides as studied by computational fluid dynamics
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Introduction and Results: Recently, a liquid-core/liquid-cladding optical waveguide (LLW), whose concept was firstly introduced by us [1], has widely been studied as a key element of optofluidics [2, 3]. In our studies, the LLWs have usually been fabricated by using the sheath flow of liquids from concentric stainless capillary (core) and an outer glass capillary (clad). Both immiscible solvents system (e.g., toluene/water, diethyl ether/water and etc.) and miscible solvents system (e.g., tetrahydrofuran (THF)/water, 5%NaCl aqueous solution/water, and etc.) can be used to form the LLWs, and we have found that the miscible solvents system particularly makes it possible to form a stable LLW up to ca. 20 cm long. On the other hand, recently, we have been trying another approach to make an LLW using thermal gradients (TG-LLW). That is, a laminar flow of water in a stainless capillary tube is placed in a heat source, and thermal gradients across the laminar flow are formed to build TG-LLW. In this presentation, discussed will be the characteristics of both LLWs and TG-LLWs as studied with experiments and with computational fluid dynamics (CFD) simulation. 
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The experimental set up of the LLW system is shown in Figure 1. In this study, the complexation reaction of aluminum ion (Al3+) and lumogallion was monitored. That is, A 50% ethanol solution containing 40 mol dm-3 Al3+ and an aqueous solution containing 200 mol dm-3 lumogallion were sent into the inner and the outer capillaries, respectively, with the gravity-driven method.  The source light, a blue laser (473 nm), was introduced into the inner flow through an optical fiber. The Al3+-lumogallion complexation reaction was monitored with the fluorescence of Al3+-lumogallion complex (max, 565 nm), which was observed with a microscope system having a CCD camera or with a multi-channel CCD detector. CFD simulation was performed using the commercial CFD software, STAR-CD. On the other hand, the concept of our TG-LLW is shown in Figure 1. A laminar flow of water was formed in a stainless steel tube (i.d., 0.8 mm; o.d., 1.6 mm, 15 cm long) using an HPLC pump, whose flow rate was 0 to 9 cm3 min-1 (the average linear velocity of the flow was 0 to 30 cm s-1). The stainless tube was placed in a heat source, i.e., circulated hot water, whose temperature was changed from room temperature to 70 degree. The source light (diode laser, 532 nm) was introduced through an optical fiber, and the guided light was monitored through another optical fiber coupled with a Si photodiode, then, the photocurrent was measured with a digital electrometer. The optical fiber for the detection was slidden in the stainless tube to change the guiding distance. COMSOL Multiphysics® (Comsol, Sweden) was used for CFD simulation. 
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Figure 2: Concept of a liquid-core/liquid-cladding optical waveguide using thermal gradients (TG-LLW)





Figure 1. Schematic diagram of LLW system
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