
DLUV267:  Modular UVC sterilizer

Description:

The DLUVxxx is meant to sterilize some flowing medium – liquid or gas – by means of Ultra-

Violet light in the UV-C band – generated efficiently by solid state UV light-emitting-diodes.  It is 

meant to be modular (utilizing a common interface with pipes and/or ducts); long lived, and 

maintenance free.

The “xxx” in the name represents the predominate wavelength (in nanometers) of the UVC-

LED used in the device.

It mounts to pipes and ducts using a male ¾ inch National Pipe Thread (NPT).

Power is provided by a 9-12 VDC barrel jack (connected to a compatible plug-in power supply).

DLUV265 COMPONENTS



The 3/4”NPT male thread of the case threads into a corresponding female thread of the head.  The type 
of head is unique to the fluid/gas to be sterilized.

Below we show one such head – developed to sterilize water.  Water is pumped into this head ( dubbed 
the “Swirly” Head) through the inlet (the tangential tube at the top);  swirls around the head interior 
space (exposure volume for the UV radiation from the UVLED); and exits through the outlet (the 
tangential tube at the bottom).  Water exposure to UV is limited by the flow rate of the pump used.  The
slower the pump, the longer the UV exposure, and the more effective the sterilization.

The Swirly Head is mounted to a tank-edge bracket by sliding its mounting-channel into a mating 
clamp.  The mating clamp attaches to the rim or side of the tank.

To the right we show an image of the mating clamp.

Two M5 screws (nylon or stainless) firmly clamp the device
to the tank.   A single M5 screw sets and holds the swirly
head to the clamp.



The two pieces of the tank mounted subassembly slide into each other and lock into position via the 
clamp screws, as shown in the figure below and to the left:

The next figure (below right) is a detail illustrating the mating
channels and set screw:

Now one can screw the UVLED module into this
subassembly to complete the device, as shown to
the right:



Details on UV Sterilization using DLUV265:

OK, the Dluv265 generates sterilizing UV in quantity from a compact package mountable on an 

aquarium tank.  Here we’ll describe how we get water exposed to the UV.

The swirly chamber:

The swirly chamber is the region of the sterilizer where water is exposed to the UV.  There are two 

types:  tangent and right angle.  Both have a water inlet and outlet (both sized for 10mm ID tubing), but

their geometry differs.  Type 1 swirly’s inlet/outlet’s are at tangent angles to the axis of the UVLED 

cone of emission (which coincides with the pipe thread axis).  Type 2 swirly's inlet/outlet form a right 

angle – intersecting at the axis.

Type 1 Swirly Chamber Type 2 Swirly Chamber



Here are images of the front and back of a swirley chamber (sd card added for sense of scale):

It doesn’t matter which port is used for inlet or outlet.  The shape of the swirley promotes turbulent 

flow (through vorticity1 and reversal of the port flow directions) and maximum dwell time of the water 

under irradiation.

Sterilization Analysis:

The UVLED emits 20 mW in a 60° cone – making the area of irradiance at a range of 10mm 

approximately 0.785 cm2 .  This geometry, therefore, provides a UV irradiance (at the plane of the 

water swirl) of 20mW/0.785 cm2.  This is the equivalent to 24,400 µW/cm2.

The exposure to UV in the DLUV-265 is dependent (as in all aquarium UV sterilizers) on the dwell 

time of the water in the sterilizer’s UV irradiance.  This is dependent upon two things:  (1) mass flow 

rate of the water going through the sterilizer, and (2) subsequent exposure time to the UV light.

These items are dependent upon the pump used for the sterilizer and the physical dimensions of the 

sterilizer.  Prototype DLUV-265 sterilizers have tube fittings for 10mm I.D. tubing (which provides a 

cross-sectional area of approximately of 0.785 cm2).  The linear velocity of water through this tube is 

given by:

Volumetric flow/cross-sectional area = VL  

1 https://en.wikipedia.org/wiki/Vortex  

BACK FRONT

https://en.wikipedia.org/wiki/Vortex


… as an example, a pump with a flow rate of 600 L/hr (0.167 L/sec, or 167 cm3/sec) would go through 

the 10mm tube at 213 cm/sec.  The physical path of the water in the UV exposed area of the DLUV-

265 is approximately 39.25 cm.  The resulting exposure time is:

Path Length/VL = exposure time

or, for this example: (39.25cm)/(213 cm/sec) = 0.184 seconds.

If one multiplies this exposure time to the UV irradiance ( 24,400 µW/cm2 ) we arrive at a zap dose of 
approximately 4,500 µW-sec/cm2. 

 Lower pump flow rates increase the zap dose.  A 300 L/hr pump, for instance, provides a dose of 9,000
µW-sec/cm2 .

Below2 are some typical zap dosages for some fishery pathogens.  Note that this chart is for a UV 

wavelength of 254 nm3 (254 is slightly better at sterilization than 265 nm):

2 Roy P.E. Yanong, “Fish Health Management Considerations in Recirculating Aquaculture Systems –
Part 2: Pathogens”, Florida Cooperative Extension Service, Institute of Food and Agricultural Sciences, University of 

Florida. Original publication date December 2003. Visit the EDIS Web site at http://edis.ifas.ufl.edu.
3 https://www.lenntech.com/library/uv/will1.htm

https://www.lenntech.com/library/uv/will1.htm
http://edis.ifas.ufl.edu/


… and here is a chart from American Air and Water showing dosages to kill commonly found 

pathogens

https://www.americanairandwater.com/uv-facts/uv-dosage.htm


Here we present a chart of UV dosage versus pump rate for the DLUV-265 as described:

The DLUV-265 has a means of cooling (a fan) independent of water flow through the device.  

Therefore, there is no minimum flow rate required for dependable operation (as long as there is any 

water flow at all).  Cheaper, lower-flow pumps increase its disinfection performance by increasing the 

exposure time.

Note, however, that supply tubes smaller than 10mm diameter increase linear velocity (shortening 

exposure times) and head loss (shortening pump life). 

0 100 200 300 400 500 600 700
0

5,000

10,000

15,000

20,000

25,000

30,000

ZAP DOSE vs PUMP RATE

DLUV-265

PUMP FLOW RATE, L/HR

D
O

S
E

A
G

E
, u

W
-s

e
c/

C
M

2



LONG TERM OPERATION IN A MARINE TANK:

Mounting:

We have had our prototype running for the last 2 years on a 200L/55 gallon marine tank.  The tank has 

a deep sand bed (with about a 25 mm anoxic water layer between bottom and sand layer); maybe 15 Kg

of live rock, snails, and a cheap zoanthid coral.  There is a heater (tank is maintained at 34ºC/75ºF).  

Originally there was a protein skimmer, but that broke 18 months ago.  The tank is lit with three 75W 

LED bulbs (6300K) each with reflector.  Lights are on a timer providing a 12hr/12hr lighting cycle.

The only filtration after the first year was the DLUV265 UV sterilizer.   The only maintenance has 

been topping with fresh water to make up for evaporation.

 

Note the green and reddish-brown patch on the inside of the glass at the bottom-left of the image on the

right.  That is where the water exiting from the DLUV265 impinges on the glass (the water flow rate is 

around 550-600 liters/hr).

This “patch” is shown in the following image:



One can see the 15 mm exit tube (10mm ID) from the sterilizer.  Just below it is a snail on the inside of 

the glass.  The white blurs on the left are bubbles from the flow (breaking the surface – picture taken as

I was making up evaporation in the tank.  Notice the obviously-green algae forming a crescent above 

the impingement area, while reddish-brown algae (or, maybe, tholins) form the majority of the 

impingement ellipse.

I’d like help from viewers in determining just what’s happening here.   … any spectroscopists out 

there? …. My speculation is that the flow conditions are such that the green crescent is the result of 

higher oxygen content/mixed flow, while the red/brown area gets lighter carbohydrates – resulting in 

either tholins, or a different algae species.



The coral really seems to like the setup – having increased significantly in size from the original frag 

(with 3 polyps … it was only $20 … a mundane brown with no UV illumination … a mundane 

orange/brown without near UV illumination):



APPENDIX:  CONSTRUCTION DETAILS

Construction:

palatalized UVLED PCB (left: heat sink side)       (right: LED side – 3mm LED for comparison)

 

UVLED PCB, brass tube, and soldering jig (left); close up of heat pipe solder joint on UVLED PCB 
(right)



LED Chips for this board:

For trial purposes, I found some UVLEDs on Banggood (of dubious origins).  Advertised at 275 nm, 

but, they were the right size and footprint, and, hey, they were cheap – $6.60 for 5! 

I really need to build a UV monochrometer to verify LED wavelengths, but that’s another project … so 

many things to do….

Anyway, when these came, there was no markings to distinguish anode from cathode.   So, I attached a 

5V wall brick to the board (the Banggood page had absolutely dismal info on the chips, and the 

received items bore little resemblance to the pictures on their website), then moved the chip around 

with tweezers until the LED glowed violet dimly.  Not recommended for the eyes, but the turn on V is 

listed at 6V, so the output was barely visible with 5V applied.

Then, for reference I took this image with the chip in turn-on orientation on this board:

Yes, I know, a dirty, yucky assembly – I cleaned it up after the image was taken.  

I assume the dark rectangle between anode and cathode is the zener in the LED package.  In the correct

orientation, the zener is down, anode to right, cathode to left (the enemy’s gate is always down, 

Ender…).

https://www.banggood.com/275nm-UVC-LED-SMD-3535-Deep-UV-LED-Diode-UV-Chip-for-Sterilization-p-1664069.html?cur_warehouse=CN&ID=522225


These are rated (by Banggood, anyway) at 2.5 to 5 mW output at 275nm.

Here it is operating:

FUSED SILICA WINDOW & O-RINGS:

A UV-grade fused silica window provides means for the UVLED output to get into the medium to be 

irradiated.  The transmissions spectrum of UVFS is:



The window is from Esco Optics … as shown here.  Dimensions are:  19.05 mm Diameter by 1.0 mm 

thick.  … at 265 nm its transmission is over 90%.

Two Viton O-rings (RING1 & RING2) seal the window and the DLUV265 case from the irradiated 

environment.  Viton has much better resistance to UV than does Buna-N rubber.  

The case plug, when screwed into the case, buts pressure on the o-rings/window stack.  We’ve 

pressure-tested this seal to 60 psi (differential) with no leakage.

https://escooptics.com/collections/commercial-quality-circular-windows/products/windows-commercial-quality-circular-s1-uv-grade-fused-silica?variant=19494809283


PRESSURE TEST:

We rigged a pressure test apparatus out of some PVC pipe, a regulator, and an air compressor.

In the image, red pipe contains water, while white 

pipe contains air.  The DLUV265 is screwed into the 

bottom of the water column.  Threads were sealed 

using teflon tape.

The air compressor supplied 90 psi air to the 

regulator –

which

allowed us

to put 10-

90 psi (70-

620 kPa)

on the

water

column at

will.

\

  We stopped after holding an hour at 60 psi (400 kPa) with no leakage apparent.


