Water Bottle Experiment
Summary

I wanted to see what type of water bottle would keep water cool during a hot bicycle ride.  I used four types of water bottles:  clear, white (opaque), wet sock on bottle, insulated.  I set the bottle in the sun & took temperature measurements throughout a three hour period.  The first experiment started with room temperature water.  The second experiment started with cold water.  The air temperature during the experiments ranged from 81 to 92 deg. F.

When I started with room temperature water, the bottle with the wet sock was the clear winner. The order of the other bottles, from coldest to warmest were:  insulated, white, clear.

When I started with cold water, the insulated bottle was the clear winner.  The order of the other bottles, from coldest to warmest were:  sock, white, clear.

Note that the hottest temperature I found was in the clear water bottle, 109 deg. F!

Why

During hot days, cyclists often want cold water, but the water in their water bottles heats up in the sun.  Some people find themselves not drinking enough water, since they don’t want to drink warm/hot water.  If the water can be kept cooler, they are more likely to drink enough water.  I tried the following experiments to see what type of water bottle will keep the water coolest.  

Procedure

used regular, wide mouth, bicycle water bottles (unless noted)

all contained 24 oz. water, from the inside tap (72 deg.)
all had black caps & black pop top, except insulated bottle,


which had a white cap & black pop top
pop top was in closed position

temperatures are in degrees Fahrenheit

used 11” long mercury thermometer (analog) to measure water temperature

used digital weather station to measure air temperature in the shade &

relative humidity

temperatures were rounded to nearest degree

caps were screwed on, removed for measurements, then screwed on again

removed cap, inserted thermometer to the bottom, then used the thermometer


to stir, while moving it up & down


finally held thermometer so bulb was at approximately the middle



of the bottle (vertically & horizontally),



waited for mercury to stop moving (in the eyes



of the observer) & then recorded temperature

for each measurement, also recorded time & air temperature in the shade

measurements were taken at intervals for 3 hours, since cyclists generally would


have to refill their water bottles at least by that time

The four bottles I used were:

clear:  not clear as glass, but considered clear
white:  opaque, mainly white with some red printing on it

sock:  opaque, mainly white with some blue printing on it,


covered by light gray tube sock

insulated: Polar Bottle brand

Experiment #1 Details

bottles were in the full sun, with some haze (from fires) for 2.5 hours,


then shade from a tree 40 feet away for the last 0.5 hour

executed 7 Jul 08 in Redwood City, CA, USA

very little wind

outside humidity at 4:00 pm = 30%

1st hour took measurements every 15 minutes

2nd hour took measurements every 30 minutes

then took measurements every hour

The four bottles I used were:  clear, white, sock, insulated (described above)

sock was soaked in water (outside tap water, 82 deg.) at the start &


then 1 hr. 45 min. later

Experiment #1 Comments
Some people feel the sock on the bottle is a bit awkward.  It also takes extra water to keep it wet.  During bicycling conditions, there would be more air flow than during this experiment so presumably, the temperature of the water would be lower.  Also, if the humidity is lower, presumably, the temperature of the water would be lower.  However, in these two cases, the water on the sock would evaporate more quickly so one would have to re-wet the sock more frequently
The insulated bottle holds the same amount of water at the regular bottles.  Some people find it hard to squeeze the insulated bottle, since the sides are more rigid.  It is taller than the regular bottle, so might not fit on some small frames.  Looks like there is a smaller one available (20 vs. 24 oz.), but I don’t know the dimensions of it.  People say this is a “new” design & it more likely to leak so be sure the cap is screwed on tightly.  This water bottle costs more than a standard water bottle.
The clear bottle makes it easy to see how much water you have left.  It’s also easy to see how dirty it is on the inside.

Some say the wavelength that heats the water is IR (infared) & plastic blocks virtually all IR radiation.  Thus the temperature of the water in the clear & white bottles should be the same.  But the temperature was lower in the white bottle.  Maybe this is because the white bottle is a bit thicker, thus it has a bit more insulation.  Measuring the thickness of a bottle is tricky, but I did the best I could.  As far as I could tell, the thickness of the white & clear water bottles were the same (3/64”).  Or maybe the two bottles were made of different types of plastic that had different thermal conductivity values.  They both had  the recycle number 4 printed on them, but could still have different materials in them.
This experiment did not consider the use of a CamelBak type of water system that you can wear on your back.  It also did not consider other colors of water bottles.  Others may want to do those experiments.

Experiment #1 Results
The water in the clear bottle is the warmest.  On a hot day, this would be a poor choice.  

The water in the white bottle is the next coolest, with the water in the insulated bottle just slightly cooler than the white bottle.  For the hottest measurements, the difference (between insulated & white) is only 4 deg. F.  Considering the drawbacks of the insulated bottle mentioned above, it may not be worth it.  

While the water in the insulated bottle was slightly cooler (up to 3 deg. F.) than the water in the bottle with the sock near the beginning of the experiment, just an hour later, the bottle with the sock was the clear winner (up to 14 deg. F. difference).  

The summary for this experiment, which used room temperature water follows.  Assuming a ride of more than 45 minutes, if you want the absolute coolest water & don’t mind re-wetting the sock, the best choice is the water bottle with the sock.  If you want a no muss option, the white bottle would be the choice.  

Experiment #2 Details

bottles were in the full sun, with a bit of haze for 3 hours

executed 14 Jul 08 in Redwood City, CA, USA

very little wind

for 3 hours took measurements every 15 minutes

The four bottles I used were:  clear, white, sock, insulated (described above)

sock was soaked in water (outside tap water, 72 deg.) at the start &


then every hour

Some people use cold water in their water bottles so Experiment #2 started with cold water.  The bottles were filled with room temperature water & then put into the refrigerator overnight.  The experiment started the next day.
Experiment #2 Results

Experiment #1 started with room temperature water whereas Experiment #2 started with cold water.  The second experiment was to see if results would be different in the two cases.  This would simulate cyclists starting with cold water & then buying cold water during the ride.

Lo & behold.  There was a difference.  For most of the experiment (i.e., the first 2 hours), the insulated bottle was much cooler than the other bottles.

For the first hour, there was not much difference between the other three bottles (clear, white, sock).  As the experiment progressed beyond an hour, the results were similar to Experiment #1, i.e., the clear bottle is the hottest, the white bottle is the next coolest & the sock bottle is the next coolest again.

The summary for this experiment, which used cold water follows.  The best way to keep your cold water cold is to use an insulated bottle & refill at least every 2 hours with cold water.  If you don’t have an insulated bottle & your ride is less than 1 hour, it doesn’t make much of a difference which type of bottle you use.  If you don’t have an insulated bottle & your ride is more than 1 hour, a wet sock on your bottle is the way to go.

