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Abstract

A respirometry system for small fish up to 30 mm in length has been developed and a
prototype has been produced to verify the design. The developed system has two integrated
cameras for top and side filming of the specimen during testing. The report details the
development of an axial impeller pump based on a theoretical pump head loss analysis of
the system and max flow velocity of 20 cm/s. A PI regulator has been implemented to
accurately control the rotational velocity of the impeller. Control software for the operation
of the respirometry system has been conceptualized and partly implemented.
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Chapter 1

Introduction

This report comprises the development of a miniature respirometry system for measuring
the oxygen consumption of larval stage �sh and other small �sh species. A prototype of the
developed system is pictured below in Figure 1.1.

A GitHub page containing all code and 3D �les for this project is located at:https:
//github.com/stianKristensen/fish_respirometry_system .

Figure 1.1: Respirometry System Prototype.

1




	Acknowledgements
	Abstract
	List of Figures
	Introduction
	State of the Art
	"Loligo Systems" Standard Respirometry System
	"Loligo Systems" Glass Chamber System
	Miniature Respirometry System


	Project Description
	Product Specification
	Needs
	Wants


	Theory
	Hydraulic Loss of Head
	Friction in Pipes
	Sudden Enlargement
	Sudden Contraction
	90 Bends
	Hydraulic Diameter

	Axial Flow Pump
	Specific Speed
	Impeller Diameter and Clearance
	Runner Vane Dimensions


	Initial Concept
	Innovation
	Dual Cameras
	Integrated AI Platform

	System Voltage

	Component Selection
	Controller Platform
	SD Memory Card
	Wireless Functionality
	Additional PWM

	Impeller Motor
	Shaft Seal
	Motor Shaft
	Shaft Coupler
	Gaskets
	Grease
	Ball Bearing
	Motor Driver
	Cooling
	Pump
	Oxygen Sensor
	Connector

	Internal Temperature
	K-Type Thermocouple Amplifier

	Breadboard
	Cameras
	Power Supply
	5 V Regulator
	Power Switch
	Jetson Nano Compatible Power Cable

	Resin

	Development
	Pump Design
	Pump Head
	Pump Design
	Impeller Construction

	Water Tunnel
	Testing Chamber
	Pump Section
	Connecting Tube
	Shaft Seal Section
	Ball Bearing Slot
	"U-Tube"
	Flange Design
	Inlet and Outlet
	Feet and Surface Mounting
	Sensor Mounting
	Optional Cooling System

	Motor Assembly
	Motor-Connector
	Impeller Assembly
	Shaft Coupler
	Mounting to the Water Tunnel

	Electrical
	Electrical Enclosure
	Electrical Enclosure Schematic
	Camera Tower
	Camera Lighting Schematic
	Jetson Assembly

	Mounting
	Pump Rack
	Main Mounting Plate
	Camera Tower and Jetson Mount


	Prototyping
	Resin Shrinkage and Warping
	Calibrating the Printer

	Electronic Enclosure
	Cables
	Camera Lighting
	Prototype Volume

	Software
	Impeller Regulation and Pump Control
	Flow Control
	Camera Lighting
	Temperature Reading
	Integrated Oxygen Logging
	Fish Respirometry Calculations
	Configuration File
	Miscellaneous Functions
	Increment Value

	System Class
	AI Concepts
	3D Mapping of the Fish
	Fish Exhaustion

	Maintenance Operations
	Filling Procedure
	Cleaning Procedure
	Flush
	Clean
	Drain
	Suggested Procedure
	Configuration


	Conclusion
	Needs
	Wants

	Discussion
	Pressure Differential
	Flow Rectifying Grid Structure
	Possibility of Connecting Wrong Voltage

	For the Future
	Custom PCB
	Remote Control
	Regulated Cooling
	Fully Develop the Control Software

	Bibliography
	Project Description
	Code
	Impeller Regulation and Pump Control

	Calculations
	Impeller Calculations
	Results


	Data Sheets and Component Data
	Project Description
	P2N2222A - Amplifier Transistors NPN Silicon
	RS-775 DC Motor
	Uxcell Gear Motor with Encoder DC 12V 800RPM
	Uxcell Micro Motor DC 12V 10000RPM
	SHAFT SEALING RING 3-10-6 FOR SHAFT 3MM
	Uxcell 3mm to 6mm Bore Rigid Coupling
	Uxcell 2mm to 3mm Bore Rigid Coupling
	1 mm Rubber Sheet
	Peristaltic Pump Kamoer NKP 12V DC DIY Liquid dosing Pump
	250V3A 6 mm Switch
	SILICONE DIELECTRIC AND VACUUM GREASE - 91003
	TB6612FNG Driver IC for Dual DC motor
	FireSting-PRO Optical Multi-Analyte Meter
	Fischer Elektronik, Heatsinks for SMD

	Formlabs
	Standard Clear Resin
	BioMed Clear Resin


