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Abstract

In response to the high costs and extended detection cycles associated with conventional Fluores-
cent Quantitative Polymerase Chain Reaction (PCR) instruments, this paper presents the design of a
microfluidic chip. The chip underwent thermal analysis and numerical simulation of a single mi-
crochannel to optimize its structure. Through the incorporation of an injection module for flow rate
control and the optimization of the fluorescence detection module for portability, the study utilized
Hepatitis B Virus (HBV) reagents in PCR experiments. This design not only resulted in cost savings
but also significantly shortened the detection time. Simulation results demonstrate that within
uniform temperature zones of 95°C and 60°C, each temperature interval remains within 2 degrees,
meeting PCR experiment requirements. Experimental results reveal a fluid flow speed of 1.1 mm/s,
reducing reaction time by 8 minutes compared to traditional fluorescent PCR instruments. The ac-
tual heating temperatures of the aluminum block are 98°C and 65°C, meeting amplification re-
quirements. Positive samples exhibit an increase in fluorescence values from 0.2 to around 1, con-
firming the fulfillment of amplification requirements in the microfluidic PCR instrument.
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Figure 1. 3D structure of microfluidic chip
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Figure 2. Microfluidic chip snake overlooking structure diagram
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Figure 3. Structure diagram of microfluidic chip and aluminum heating block
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Figure 4. Plane temperature diagram
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Figure 5. Temperature uniformity test results
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Figure 6. Temperature range temperature gradient measurement results
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Figure 7. Single microchannel geometric model
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Figure 8. Microchannel cross-section diagram
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Figure 9. Single microchannel fluid distribution cloud image
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Figure 10. System structure design drawing
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Figure 11. Injectionpump structure design drawing
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Figure 12. Photoelectric detection mod-
ule design 3D structure diagram
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Figure 13. Photoelectric detection module profile
structure diagram
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Figure 14. Amplification of a single positive virus
14, BAPRMREY IBER

< 12 ¢
=y
= - N
0.8
0.6
0.4
02 J JL
0
AN NN DA OISO NN O MmN 0O
O 0O 00O dd ddd AN AN AN AN NOOHO MO
00 O T NO X O I NONO I NONLL M
NN TN ONOO0ODNDO A NANMST N
U I B B B I I |
i A
Figure 15. Multiple positive virus amplification results
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Figure 16. Multiple positive and negative virus amplification results
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