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INTRODUCTION 
This is the second in a series of articles on Half A engines. The first was 
prompted by bearing failures in the Fora Half A engines. In this article, we will be 
looking at Bladders.  
I was talking to Jeff Rein about our pursuit of “Half A Engine Gremlins”. As you 
may know Jeff spent a considerable time on the VA. He worked closely with Dan 
Rutherford and gave him feedback. Jeff calls Half A engines like a Fora a “kit 
engine”. He said Pete Athans has got his running as good as any Cyclon.  Pete 
takes his Foras and laps the sleeve and piston. He also opens the crank intake. 
Once this is done, he starts reducing head shims until it starts to blow plugs, and 
then puts shims in to stop plug blowing. 
As the scale of an engine gets smaller, surface effects such as friction, heat loss 
and leakage get more significant. When Jeff and I were talking needle setting, 
Jeff used the term “stiction”.  This would be where the piston and liner stick. This 
effect is magnified on the Half A engines.  From the following description on 
boundaries, you will see that there is a lot that can affect a smooth engine run. 
Now once we resolve or at least understand all the problems, I think we should 
move onto an easy problem like North Korea and nuclear weapons.  
In the next couple of articles, I want to try and understand (Nerd Time) the 
problem with getting and maintaining a consistent needle valve setting. In this 
article we will look at the boundaries of the problems and then specifically at 
bladders. Like many of my projects, I seem to take on the role of Br’er Rabbit as 
the project morphs into a Tar Baby and you will see that bladders and the 
subsequent articles are no exception. 
BLADDER HISTORY 
What is a bladder? The dictionary refers to the sac in the body that holds urine or 
a thing that resembles this. Most of my aging peers are frequently reminded of 
the relationship between pressure and volume.   A bladder for modelers contains 
fuel and feeds it under pressure to the needle valve. Modelers began to use 
these for models about 75 years ago.  
 
 



 
1940S THROUGH EARLY 1970S RUBBER PEN BLADDERS 
The first use of such tanks was in control line speed-where the centrifugal forces 

as the model accelerates made 
suction tanks difficult to use-in the 
late 40s and early 50s-and these 
early tanks were made from fountain 
pens bladders. These were inflated 
with fuel in excess of their normal 
capacity so they expanded like a 
small balloon-and hence the 

contents were under pressure-and 
delivered fuel to the engine under 
pressure. It was normal-because they 
were fairly fragile especially when 
inflated-to place them inside a small 'true' 
rubber balloon in the model for protection 
against chafing/bursting.  
 
BABY PACIFIERS Next came baby pacifiers 
“binkys” which deliver the same sort of pressure 
as pen bladders. The bulb could be purchased 
for 25 cents. 



1970’S TO PRESENT LATEX TUBE THE third type-and the type most commonly 
encountered these days was developed by those flying combat. Someone figured 
out if you took a piece of latex rubber tubing, blocked off one end, and used a 
syringe you could inflate the tubing and get around a hundred ml of fuel into it. 

Initially I could not 
find out who first 
used these. When 
I went on the 
MACA site and 
asked the 
question, Gordon 
Delany said he 
started using 
them in his 
combat planes in 
1969. I am sure 
that along the 
way, someone 
tried to use a 

condom (for a bladder) but I could find no information. Unlike the pacifier, the 
latex bladder stays more or less cylindrical; 
actually it is more ellipsoid shaped. 
BOUNDARIES  
A bladder is used to contain the fuel and 
feed it to the needle valve. The needle 
valve assembly is used to meter the fuel 
into the venturi intake. Air is introduced 
through the venturi and combines with the fuel before entering the engine through 
the intake port in the shaft. At the rear of the shaft, the fuel and air mixture enters 
the case ports that feed the combustion chamber. 
Although a filled bladder looks more cylindrical or ellipsoid than balloon shaped, 
the balloon shape is a good model for understanding what occurs with a bladder. 
BLADDERS 
The purpose of the bladder is to contain fuel and deliver it in a consistent manner 
to the needle valve assembly. Believe it or not, we are not the only one to use 
bladder tubing in a hobby. There is a group of hobbyist that makes super soaker 
water guns and I was able to draw on some of their information. In addition to 
hobbyist, there is the medical profession that explores the topic in looking at 
hollow organs. In researching the materials I ran across a paper from 1909. The 
following is a discussion about bladder material. 
MATERIAL Typically bladders are made from latex rubber tubing (LRT). The term 
“latex” basically describes any polymer in a water-based liquid or viscous state. 



The word latex by itself does not refer to natural rubber latex. Natural Rubber 
Latex refers to the white sap that comes from the hevea brasiliensis tree. This 
sap can be further refined and compounded to render it more readily processed 
and to optimize physical properties. Products manufactured from natural rubber 
latex tend to be very pure and have the enhanced physical properties that natural 
rubber latex are known for – outstanding elongation, tear properties and 
recovery. Dry natural rubber is natural rubber latex that has been dried into bales 
that can be more easily transported and stored. The dry natural rubber can then 
be compounded with various processing aids and curatives made into products 
using more common manufacturing methods such as extrusion, calendaring and 
molding. The typical physical properties of natural rubber products are very 
similar to those of natural rubber latex, but are not exact due to differences in the 
compounding and processing cycles. Advantages of natural rubber are high 
elasticity, high tensile strength, excellent compression set, high stretch recovery, 
good resistance to alcohols, ketones, and organic acids. These properties make 
natural rubber an optimal material for a variety of applications that require 
repeated stretch and recovery or compression and recovery.  
Natural rubber is a versatile material but there are applications where it is not the 
optimal material. One of the biggest limitations of natural rubber is its poor 
resistance to hydrocarbons, fats, oils, and greases. Contact with these 
substances can cause swelling, softening, or complete dissolution resulting in 
partial or complete failure. Natural rubber cannot withstand exposure to oils 
without degrading. Nitromethane affects the rubber as well.  
Latex tubing achieves relatively constant pressure through a simple mechanism. 
The tubing itself expands, first in diameter and then in length. LRT has a very 
limited number of life cycles. When fully expanded, the number of life cycles can 
be as few as 20 for a particular tube. The tube thins from tiny tears in the rubber. 
This problem can be minimized by reducing the expansion of the rubber by 
putting it into a container (bladder tube) that is a smaller diameter than the rubber 
itself can expand to.  
In testing flow rates, I used water to fill the bladders. I began with new bladders 
that had been trained using air. The training process uses the 2 ounce syringe 
(60 ml) and fills the bladder with 45 ml of air 3 to 5 times. The last fill is clamped 
off and the bladder put into water to verify there are no leaks. Neither bladder had 
any fuel in it. Somewhere around 45 cycles 
the yellow tube ruptured. This was not 
expected. There had been no sign of an 
aneurism.  
By expanding, the force applied on the fuel 
increases. However, at the same time the 
inner surface area of tubing is increasing. 
The force and surface area increase in 
nearly linear proportion. Because pressure 



equals force per unit area, if the force and area are increasing in approximately 
linear proportion, the pressure is approximately constant. Following this basic 
equation if we assume that force is related to the wall thickness and we know that 
the area is related to the ID, then the two relationships become clear. The thicker 
the tube, the higher the operating pressure. The smaller the internal diameter, the 
higher the operating pressure. 
TESTING TIME 
In the past, I used a small diameter Red tube (6 mm od, 4.75 mm id) 
for Half A Bladders.  

 
To get a more consistent needle 
setting, I have experimented with the “Yellow 
Jacket” tubing  (10 mm od, 6.3 mm id) that we 
use for the larger engines.  
The first thing that I wanted to know is what is 
the flow rate for each of the bladders. Rather 
than use fuel, I used water for the test. Water 

is about 10% more dense than fuel  (water density is 1.00 g/cm3; fuel density is 
around 0.9 g/cm3 ).  
From the barb each bladder would use 
the black tube (3.175 mm od, 1.587 mm 
id) that we use for shutoffs. The same 
tube would be used for each bladder; 
therefore the feed tube is not an issue 
when comparing bladders. Both 
bladders used the same barbs. Both 
bladders were the same length. I ran 
five tests on each bladder to gain a 
base line flow rate number. Using 45 ml 
of water each bladder was filled and 
then released and timed. The average 
flow rate for the yellow tube was 12.52 
ml/sec. The average flow rate for the 
red tube was 8.15 ml/sec. 
The first thing that I wanted to know is what pressure does each of these tubes 
produce.  
Never pass up an opportunity to get a new tool and this project is no exception. I 
wanted to measure the pressure in the bladders. This consisted of filling the 
bladder with 45 ml of air and connecting it to a tire gauge. The only problem that I 
had was the gauge did not read the low pressure. A few clicks and Amazon was 
sending me a low pressure gauge.  



Here is a photo of the pressure test setup. I had to add a pressure fitting reducer, 
latex tubing (green) between the 
reducer and a fitting to attach 
the bladders.  
NERD TIME 
You knew it was coming when 
you saw who the writer is and 
you made it this far so hang on 
to your bladder  - no it is 
Bladder Grabber time. 
Rubbery materials act like 
simple springs when they’re not 
deformed too much. Following 
the relation known as Hooke’s 
law, a 10 percent increase in 
stretching force will make a 
typical rubber band 10 percent 
longer. But when rubber 
materials are stretched to twice 
their original size or more, that 
simple linear law fails. The 
cause of that nonlinearity “has 
been really challenging the physics community for sixty years,” says Paul 
Goldbart of the University of Illinois at Urbana-Champaign. 
Rubber is made of flexible long-chain molecules tied together in places by bonds 
known as crosslinks that connect atoms in adjacent chains. The arrangement 
looks like strands of spaghetti stuck to each other at random points. Physicists 
describe rubber’s tendency to return to its original shape using the laws of 
entropy, or disorder (The idea of entropy comes from a principle of 
thermodynamics dealing with energy. It usually refers to the idea that everything 
in the universe eventually moves from order to disorder, and entropy is the 
measurement of that change). A chain molecule that’s fully stretched has just 
one way to arrange itself, as a straight line, while an unstretched chain can ravel 
up in many possible ways–corresponding to a state of higher entropy. Stretched 
rubber snaps back to its original state to maximize its entropy, as 
thermodynamics demands. 
The classical theory of rubber elasticity, developed in the 1940s, adds together 
the entropies of the free sections between the fixed crosslinks. The theory 
assumes that, as the rubber is stretched, each crosslink remains stationary–
stuck to its local chunk of rubber–even as the chains between crosslinks jiggle 
around. The jiggling is driven by heat, the usual driver of molecular motion. The 
1940s theory predicts a linear relationship between the force and the amount of 



stretching. 
A new theory gives a nonlinear relationship between force and stretching that 
closely matches rubber’s known properties. Fluctuations of the positions of the 
crosslinking points also contribute” to the forces associated with deforming 
rubber. These corrections fit experimental data much better than the classical 
theory.” Wow that was heavy. So what has this got to do with bladders? 
The bladder exhibits elastic behavior. The force required to stretch it is 
proportional to the distance stretched. Following Hooke's law of elasticity, which 
states that for relatively small deformations of an object, the displacement or size 
of the deformation is directly proportional to 
the deforming force or load. Materials 
with S-shaped stress-strain curves 
are particularly susceptible to elastic 
instabilities; stretching lengthens the long 
molecules in the latex. As you fill the 
bladder, the first push on the syringe meets 
with resistance since you have not forced 
the molecules to stretch.  
Continued pressure forces the molecules to stretch. As you continue to push on 
the syringe, it gets easier now that you are stretching the rubber further and the 
bladder is expanding. The larger the diameter the less the elastic force opposed 
the pressure inside so the pressure inside is lower. If you continue to the point 
where the rubber can no longer expand, as the molecules can no longer stretch 
is when you get wet – you just broke the molecular bonds – BOOM.  
I previously mentioned that the balloon is a good model to understand what 
occurs with a bladder.  
In balloons as in other materials, stress and strain are important. Strain is 
defined as the ratio of a balloon's size to its original, uninflated size. Think of 
strain as "how big the balloon is." Stress is defined as the force with which the 
rubber molecules in the balloon pull on each other. Stress can be thought of as 
"how tight the balloon is." Alternately, stress can be represented as the pressure 
of the air inside the balloon, multiplied by the surface area of the balloon.  
The stress-strain relationship in a balloon is sigmoidal (it has an S-shape). 
Following the curve we see 
at first, the balloon must 
overcome its initial stiffness. 
When you first blow into a 
balloon, it springs "to 
attention" and a little 
pressure builds up before the 
balloon finally starts 
stretching and inflating. This 



represents an initial increase in stress with no increase in strain. 
Once the balloon begins to inflate, the curve flattens out-- this is because as you 
continue to blow, the pressure inside the balloon remains nearly constant while 
the balloon gets bigger. At some point, the balloon begins to tighten-- you feel it 
getting harder to blow into the balloon. This is when the curve turns upward 
again. 
The more you blow, the harder it gets to blow; also, the balloon will slow down 
and eventually stop growing. If inflation continues, the balloon will get tighter but 
not much bigger (stress increases faster than strain). 
Ultimately, the rubber fractures at the fracture point. In other words, the balloon 
pops. 
The following graph is from a YouTube video of a balloon experiment. A balloon 
was attached to a bicycle pump and the balloon slowly filled and data recorded. 
The pressure spikes are from the 
down stroke of the pump.  
The pressures inside changes as 
you inflate it. When small the 
elastic forces are pulling the 
hardest, raising internal pressure. 
Below is a graph of the measured 
pressure for air-inflated bladders. 
Notice how they both follow the 
ideal S-shaped stress-strain 
curve shape from above.   
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As I was conducting additional test, I noticed a weakening in the yellow bladder 
that I was using. A new one was made and the data for it added to the Pressure 
vs. Volume graph.  

 
HYSTERESIS I want to introduce a new term hysteresis. Hysteresis is the lag in 
response exhibited by a body in reacting to changes in the forces. In simpler 
terms when a material experiences a force and undergoes changes, it returns 
back to its initial form following a different path. So the stress- strain curve for a 
rubber band on extension is different as it is for contraction. Pressure is not a 
single-valued function of the radius. The pressure during inflation is always larger 
than during deflation for a given radius.  

 
So the stress strain curve doesn’t match when the rubber is restored to its 
original state and we get this hysteresis loop. 
When the rubber band is stretched, it heats up and it cools down if it is suddenly 
released. The area in the center of the loop is the energy dissipated due to 
internal friction. If you repeatedly stretch and release the rubber band, you can 
see the heating effect caused by hysteresis. 
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Returning to the balloon, after a balloon is stretched or inflated it returns back to 
its original shape and size when the stress is removed; at least ideally. In reality, 
rubber doesn't always go back to its exact original shape and size when it is 
unstretched. In fact, if you've ever blown up a balloon, let it sit for a while and 
then deflated it, you've noticed that the deflated balloon is a bit bigger than it was 
before. This effect is called creep or hysteresis. Technically, it means that the 
current stress and strain of a balloon depend on its history: whether or not it was 
previously inflated, how big, how old the balloon is, and so on. 
The first time a balloon is inflated (up the top half of the above hysteresis loop), 
allowed to remain at the upper-right point and the deflated (along the bottom half 
of the loop), the uninflated stage of the balloon (stress equals zero) happens at a 
higher strain-- the uninflated balloon is now larger than it was before. 
 

 
IDEAL GAS LAW 
Without taking physical measurements, I wanted to calculate the pressure inside 
the bladder. To do this I used the ideal gas law and assumed the shape is an 
ellipsoid. 
Using the ideal gas law, PV=nRT where: 
P=Pressure 
V=Volume 
n = Number of moles 
R= Universal gas constant 
T = Temperature 
Assuming the shape is an ellipsoid, the calculated values of pressure using the 
ideal gas law equal the measured values.  



BLADDER TUBES were not used during the testing. A properly sized bladder tube 
will help to minimize the tiny tears.  
CONCLUSIONS 

• The ellipsoid shape and perfect gas law provides an accurate prediction of 
the pressure. 

• When initial rigidity is present in a bladder, the pressure on inflation rise 
rapidly at first, then falls, and tends to remain at a constant value until the 
elastic limit is reached. 

• When the elastic limit is reached in a bladder the pressure is a linear 
function of the volume.  

• Do not over train a bladder. 
• Once a bladder shows signs of an aneurism, it is nearing failure. 
• When the yellow bladder is emptying and approaches 30 ml the pressure 

begins to rise.  
• Peak pressure is between 10 to 20 ml volume. 
• The bladders follow the shape of the ideal pressure strain curve. 


