Design and Construction
Constant Head Tank Assembly.
The Constant HeadTank (CHT) needs to be securely attached to the plywood on the wall. To keep the CHT in place we are using a hose clamp (Table1.a) that is also attached to the plywood. This clamp can easily be adjusted to tighten or lose the tank if needed to be removed from its mount. The level of the CHT is initially determined when mounting the whole CDC and calibrating it. For this reason the CHT support needs to be able to adjust to a certain height. To do this we are using an L-bracket (Table 1.b) as a bottom support.  As seen in the picture, this L-bracket has a gap in the middle that allows the height of the CHT to be adjusted, once the height is set, a carriage bolt (Table 1.c) is nailed from the back of the plywood and used to keep the bracket in place. 

Since the upgraded CDC has three different orifice sizes, three different holes were drilled at the bottom of the CHT, each one with a respective bulkhead from which three different flexible tubes come off to each of the orifices. Only one orifice will be used at a given time, therefore, while one is in use, the other two will be clamp on to the plywood with plastic tool holders (Table 1.d). We chose these holders because the tubing easily clamps on and unclamps off them.

Another component of the CHT is the Float valve (Table 1.e), we decided to use the same model used for the previous doser since the prototype is being constructed for the same flow as Agalteca. It also fits in the 64 oz bottle (Table 1.f) used for the CHT. 
Table 1.Constant Head Tank Assembly Parts.
	Part
	Model
	Note

	a)Worm-Drive Hose clamp 

McMaster Catalog # 53388K14
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	Easy to adjust in case CHT needs to be demounted. 

	b)L-bracket

McMaster Catalog #15275A66
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	Easy to adjust for initial calibration of CDC.

	c) Carriage bolt

McMaster Catalog # 93180A115
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	Very secured once nailed from the back of plywood.

	d) Black thermoplastic tool holder
McMaster Catalog# 1171A69
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	-Lightweight, corrosion resistant, and can easily be secured to the plywood mount.

-Tubes clamp and unclamp easily

	e) Mini Float valve

Kerick-Valve Catalog # M052.

Orifice: 0.093

Flow rate: 1.5 GPM
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	Prototype flow is same as the previous CDC.

	f)64 oz Wide-Mouth Plastic bottle.

McMaster Catalog #

42955T2
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	Light, easily perforated.


Lever Arm and Slider Assembly

The final design for the Lever arm is that of a plain aluminum bar (Table 3.b) on which a section of a U-Shape bar slides (Table 3.a). Both pieces are corrosion resistant aluminum, easily obtained and moldable. This system has an easy to break mechanism since a screw is tightened and loosened to move the slider along the arm. A ½ inch PVC tube will be perpendicular to the slider on one of its ends; the dosing orifice will be clamped to this tube. Chemical flow should be unobstructed and easily observed down the PVC tube. 

For the dose marks on the arm we used metal stamps found in Hollister’s Machine Shop. We concluded that metal stamping was the best option since it is very durable and it can easily be done in Honduras. To make the CDC design universal, a multiplier will be used for the doses. The following distances were used for the scale on the arm. The distance from the slider screw to the dosing point of 4.3 cm was added later to these values since we want the screw aligned with the scale dose point. 

Table 2. Lever arm scale distances from pivot point.
	Number 

on Scale
	Distance from pivot point (cm)

	1
	7.39

	2
	11.55

	3
	16.63

	4
	22.63

	5
	29.56

	6
	37.41

	7
	46.19
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Figure 2. Lever arm, slider and dosing orifice assembly
The lever arm has an axle at the pivot point to allow rotation and a hole at the end of the scale to attach the pulley string coming from the float.

Table 2. Lever Arm and Slider Assembly Parts
	Part
	Model
	Note

	a)Aluminum U-Channel, 1/8" Thk, 3/4" Base X 1/2" Legs, 8' L

McMaster Catalog #

9001K61
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	Fits around lever arm

Easily moldable

Corrosion resistant

	b) Aluminum bar 1/8" McMaster Catalog # 9135K123
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	-Easily perforated, moldable.

-Easy to stamp the scale numbers.

-Light

-Corrosion resistant.

	c) 1/2" PVC tube.
d)1/2" PVC Socket-Weld Coupling

McMaster Catalog #4880K71
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d)
	-Used extensively in the plants already.

- Easy to perforate.

- Corrosion resistance

	e) Cap Screw

McMaster Catalog

92210A010
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	-Easy brake mechanism, the operator only needs to screw the bolt all the way until it reaches the lever arm and in a similar way unscrew it to loosen it.

	f) Thumb Screw Knob

McMaster Catalog

91165A880
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	-Facilitates the brake mechanisms of the slider for the operator. Instead of screwing/unscrewing the bolt head itself, they use the knob.


Pulley System
The pulley system ensures a simple yet accurate method of changing the elevation of the float in correspondence with the lever arm. A rope connects the lever arm to a pulley directly above it, extends to another pulley on the same horizontal plane as the first, and goes over and down to the float in the tank. Thus, it was necessary to investigate and design how and where these pulleys would be suspended.

One major constraint was that the pulleys should be at least three inches from the wall, because the tank, which is leaned up against the wall, is three inches in radius. In addition, the pulleys had to be somehow attached to the plywood along with the lever arm and the constant head tank.

Initially, we were investigating the possibility of attaching two simple pulleys to two respective axles, which would be mounted against the wall. The pulleys would be fixed in place by collars. After further investigation, however, it was realized that it would be more convenient and secure to buy a swivel-eye pulley, which would be attached to an L-bracket via a carabiner. A swivel-eye pulley also allows for more room for movement, because it can rotate about the vertical axis.

Therefore, we bought two zinc-plated steel pulleys, two stainless steel L-brackets, and two zinc-plated steel carabiners. Also, initially galvanized iron rope was also purchased, but it was discovered that it was far too thick and dense, and an impractical amount of force was required to make it taut. Eventually, we tried a quarter-inch polyester rope, and we bought clamps for the ends, which worked well with our purposes. The descriptions of the purchased supplies are listed below.
Table 3.Pulley System Parts.

	Part
	Model
	Note

	a) 2 Pulley Blocks
McMaster Catalog #3099T14


	



	Made of zinc-plated steel to ensure corrosion resistance.
The actual pulley has a swivel eye for flexibility, as shown on the right.


	b)2 L-Brackets
McMaster Catalog #1556A39
	

	Side Lengths = 5", 5"

Width = 1"
The actual L-bracket has three holes on each side.


	c) 2 Carabiners
McMaster Catalog #3933T22
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	Made of zinc-plated steel to ensure corrosion resistance.

	d) 10-ft Galvanized Iron Rope
McMaster Catalog #3449T18
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	3/16" Diameter

6X7 Fiber Core

Too dense and thick to be used.

	e) 50-ft Polyester Rope

McMaster Catalog #3828T11
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	Low-Stretch

1/4” Diameter

Used instead of iron rope

	f) Rope Clamp

McMaster Catalog #36815T12
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	Simple yet adjustable method of fixing rope length


Tubing and Connections

The team has avoided the use of push-to-connect fittings in putting together the tubing components of the CDC because they have small parts which can be lost. Therefore all of our connections are either barbed for flexible tubing or are NPT threads for PVC components. The only pipe used is between the stock tank and the ball valve which controls flow from the stock tank. This section is ½” PVC. In addition, the female threads at either end of the flow measurement column are also ½” NPT threads, so all of our thread sizes are consistent. Beyond the ball valves (Table 4f) which control the flow from the stock tank and flow measurement device, all tubing is flexible (3/8” for our prototype), which means barbed connections were used. A wye connection (Table 4d) is used to combine the flow from the measurement column and the stock tank.


Both of our orifice caps are threaded with 1/8” NPT threads (Table 4 i and j). This allows them to fit onto the ends of the 3/8” flexible tubing using the barbed fitting adapter (Table 4h).
Table 4.Tubing and Connection Parts.
	Part
	Model
	Note

	a)1/2" Threaded Plug

McMaster Catalog #4596K73
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	Made of PVC

Used for Eye-Bolt Flow Measurement Hanger



	b)1/2" PVC Socket-Weld Coupling

McMaster Catalog #4880K71
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	Used for stock tank pipe/ball valve connection

	c) 1/2" NPT threaded to single barbed 3/8" tubing adapter

McMaster Catalog #5116K88
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	Used for ball valve/flexible tubing connection



	d) Single-barbed wye fitting for 3/8" tubing

McMaster Catalog #53415K241
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	Used for stock tank/flow measurement/constant head tank junction

	e) Male 1/2" NPT thread PVC adapter

McMaster Catalog #4596K661
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	Used for stock tank/ball valve connection

	f) 1/2" female threaded PVC ball valves 
McMaster Catalog #4876K71
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	Used for stock tank and flow measurement

	g) 1/2" threaded PVC nipple

McMaster Catalog #4882K24
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	Used for flow measurement/ball valve connection

	h) 3/8" flexible tubing (barbed) to 1/8" male NPT threads adapter

McMaster Catalog #2974K132
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	Used for connecting orifice caps to tubing

	i) 1/8” NPT threaded brass pipe cap

McMaster Catalog #4429K149
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	Machined into 2 mm orifice cap

	j) 1/8” NPT threaded chrome-plated brass pipe cap

McMaster Catalog #9162K161
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	Machined into 2 mm orifice cap


