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Comparison of test methods for measuring the net buoyant force of 

buoyant materials 

Nga-wun Li, Chu-po Ho, Kit-lun Yick and Jin-yun Zhou 

Abstract 

Purpose – Net buoyant force is a crucial factor affecting the functional performance of 

clothing for water safety. In this study, an alternative method was developed for 

measuring the net buoyant force of various buoyant materials, such as buoyant fabrics, 

on a small scale in a more accurate and efficient way than the existing method. 

Design/methodology/approach – The net buoyant forces of buoyant materials with 

different thicknesses and forms were determined and compared using three methods. In 

Method 1, the traditional method involving mathematical calculations was used; 

Method 2 involved using the buoyancy-measuring device from the study of Jin, He, and 

Wang (2018); Method 3 involved using an alternative buoyancy-measuring system that 

simulates the actual situation of using buoyant swimwear by measuring the force 

needed to submerge the buoyant material in water at a standard depth. The net buoyant 

forces of 22 buoyant materials were measured and compared to test these three 

methods. The accuracy, reproducibility, sensitivity and validity of these methods were 

then statistically compared. 

Findings – The results obtained with the alternative buoyancy-measuring system had 

higher accuracy, reproducibility and validity than the results obtained through 

mathematical calculations. The sensitivity of the buoyancy-measuring system 

(Methods 2 and 3) was higher than that of the traditional method involving calculations 

(Method 1). 
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Originality/value – An alternative method is proposed to measure the net buoyant 

force of buoyant materials on a small scale with higher accuracy, reproducibility and 

sensitivity. 
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1. Introduction 

Foam is commonly used in floatation devices and life jackets to provide buoyancy. 

Various types of foam are used due to their low density, such as neoprene foam, 

expanded polystyrene (EPE) foam, polyethylene (PE) foam, ethylene vinyl acetate 

(EVA) foam, polyvinyl chloride (PVC) foam and polyurethane (PU) foam (Mann, 1995, 

Gómez, 2014, Gonsalves and Gonsalves, 2013, Lee, 2017, Staver and Vaughn, 2008, 

Zheng, 2016, Kim et al., 2015). Evaluation of the buoyancy of these materials has 

become a major issue in buoyant clothing development. Currently, buoyant material 

can be tested according to the International Organization for Standardization (ISO) 

standard 12402-7:2006 (E). Buoyant materials are weighted while submerged in water, 

and the buoyancy is read directly from the digital readout. The specific buoyancy can 

then be calculated, whereby the initial buoyancy corrected to an atmospheric pressure 

of 760mmHG and a water temperature of 20℃ is divided by the volume of an individual 

buoyant material (International Organization for Standardization, 2006a).  A 
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buoyancy-measuring tank was developed by Courian to measure the buoyancy of all 

materials that constitute a surfboard (Courian, 2008). A buoyant object is pushed into 

the water inside the buoyancy tank by a wedge and slide mechanism. The pushing force 

is measured using a weight scale, and the object is forcibly held underwater. However, 

the tank is designed for large-scale testing and requires a complex machine setting, and 

it is not economical for testing small buoyant fabric. The tank also requires large scales 

of buoyant material and involves a high testing cost. These requirements are impractical 

for pilot tests in the textile design and development stages, which are normally 

conducted on small scales.  

Studies of the status of patent protection found that buoyant force can be calculated 

based on the Archimedes principle and by measuring the force needed to submerge a 

buoyant object in water (Jin et al., 2018, Zhao et al., 2013, Stewart et al., 2017, Leistner 

et al., 2018). To measure the net buoyant force of material on a small scale, two methods 

were adopted and compared with the alternative buoyancy-measuring system. 

 

Method 1: Mathematical calculations 

Generally, buoyant force can be calculated based on the Archimedes principle of 

buoyancy, which indicates that a body immersed in fluid experiences a buoyant force 

equal to the weight of the fluid it displaces (Van Daal, 2015). The Archimedes principle 

has been commonly used for measurements in academic research, such as the buoyancy 

of a wearer with a survival suit in a submerged helicopter escape and the shrinkage 

measurements of Araldite epoxy resin for fibre-reinforced composite materials (Stewart 

et al., 2017, Leistner et al., 2018). The buoyant force N can be expressed as follows: N 

= ρ V g, where ρ and V represent the density of the fluid and the volume of the displaced 

fluid, respectively (Stewart et al., 2017). The buoyancy of an object submerged in water 
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can be derived by measuring the weight of the displaced fluid when the object is 

submerged (Sanger, 2011).  

 In Method 1, numerical equations based on the volume of the buoyant material are 

used to calculate its net buoyant force. When an object floats, the gravitational force 

acts on the object in a downward direction, whereas buoyancy force (a surface force) 

acts on the object in an upward direction (Kaarstad and Aadnoy, 2011). According to 

Newton’s third law, if object A exerts a force on object B, then object B exerts an equal 

force on object A in the opposite direction (Low and Wilson, 2017). Therefore, the net 

buoyant force N is obtained by subtracting the downward force from the upward force, 

as given by the following formula: N = (V ⋅ ρ ⋅ g) − (m ⋅ g) (Stewart et al., 2017). 

Accordingly, N can be calculated using the volume (V) and weight of a buoyant material 

(m). The theoretical net buoyancy can be determined as follows: 

Fnet = ρf V g − mg	 	  	        (1) 

where Fnet is the net buoyant force (N), ρf is the density of water (ρf = 1000 kg/m³), V 

is the volume of the buoyant material in m3, g is the standard gravity of Earth (g = 9.807 

m/s2) and m is the mass of the buoyant material (kg). The weight of the buoyant material 

can be measured using an electric balance with a resolution of 0.001g, whereas the 

volume of the material can be calculated using equations. The radius, area, and volume 

of tubular buoyant materials in category A can be calculated using equations (2)–(4), 

respectively. 

r = d ÷ 2 ÷ 1000        (2) 

where r is the radius (m) and d is the diameter (mm) of the buoyant material. The area 

is given as follows:  

A = π × r ²        (3) 
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where A is the area (m²) of the buoyant material, r is the radius (m) of the buoyant 

material, and π is 3.14. The volume can be calculated using the following equation: 

V = A × L       (4) 

where V is the volume (m³), A is the area (m²), and L is the length (m) of the buoyant 

material. The materials in category B have a rectangular form, and their volume can be 

calculated as follows: 

V = W × L × H         (5) 

where V is the volume (m³), W is the width (m), L is the length (m) and H is the 

height (m) of the buoyant material. 

 

Method 2: Buoyancy-measuring method developed by Jin et al. (2018) 

A buoyancy-measuring device with a buoyant material in a fixed position was used to 

measure the net buoyant force after the buoyant material was submerged in water (Jin 

et al., 2018). As displayed in Figure 1, the buoyant material was first fixed in position 

and then water was added steadily to the tank. The magnitude of the force required to 

hold the buoyant material in position and prevent it from floating due to upward 

displacement was measured. In this study, the buoyant material was fixed in the water 

tank at a height of 100 mm (Figure 1a), and fresh water was added to the tank to a height 

of 200 mm (Figure 1b). The net buoyant force of the submerged buoyant material was 

measured using a digital force gauge. 
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Figure 1. Experimental setup for Method 2: (a) water was poured into the tank with the 

buoyant material in a fixed position and (b) water was poured into the tank until 

submerged the testing buoyant material and the water level reached 200mm. 

 

The aforementioned buoyancy measuring method by mathematical calculation 

(Method 1) requires complex calculation and processing time. For Method 2, water is 

poured after a buoyant material is fixed in a particular position. Extra work is needed 

to pour the water into the testing tank and extra processing time is needed. In addition, 

the method’s ability to measure the actual net buoyant force has not been studied 

systematically, and testing devices for buoyant material on small scales – which help 

designers to source correct material in the initial stage of buoyant clothing development 

– are scarce. Therefore, a suitable measuring method and device are required for 

evaluating the buoyant force of various materials used in the design of buoyant clothing. 
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Given the lack of a conventional buoyancy measuring system, this study 

developed a new testing system (Method 3) that is more suitable for measuring the net 

buoyant force of buoyant material on small scales and is useful in the preliminary 

evaluation of buoyant fabric. The developed buoyancy-measuring system (Method 3) 

is validated in terms of accuracy, reproducibility and sensitivity through the use of two 

conventional buoyancy-measuring methods: the numerical prediction equation and the 

buoyancy-measuring device developed by Jin et al. (2018). The results are significant 

for both the textile and the measurement industries. 

 

2. Experimental design 

In this study, 22 buoyant materials were evaluated using two conventional methods: 

mathematical calculation according to the Archimedes principle (Method 1) and the 

buoyancy-measuring system proposed by Jin et al. (2018) (Method 2). To customise a 

device and measuring method that are more suitable for testing small buoyant material, 

an alternative method (Method 3) was developed. 

The net buoyant force of fabrics is measured according to the Archimedes 

principle and Newton’s third law. As illustrated in Figure 2a, buoyant fabrics 

experience various forces when floating on the water surface. The net buoyant force is 

obtained by subtracting the weight of the fabric from its buoyant force. The net buoyant 

force, which equals the additional pulling force in the opposite direction when the 

buoyant fabric is pulled and submerged in water (Figure 2b), can be measured with a 

force gauge. The method used in Method 2 was modified to measure the pulling force 

when pulling a buoyant material into water, which simulates the actual swimming 

condition in which a buoyant swimsuit is submerged in water at a fixed depth. 
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Figure 2. Schematic of measuring buoyant fabric: (a) when the buoyant material floats 

and (b) when the buoyant material was submerged into the water by thread. 

 

For comparisons with Method 2, the measuring equipment was made identical to 

the buoyancy-measuring equipment of Jin et al. (2018). According to the ISO standard, 

the water level is considered sufficiently deep when a testing buoyant material is 

suspended in the water such that its upper surface is 100–150 mm below the surface of 

the water without being in contact with the sides of the tank (International Organization 

for Standardization, 2006b). The buoyancy-measuring system was developed according 

to the theoretical principle and ISO standard. As depicted in Figure 3, the buoyant 

material was submerged steadily into water at a depth of 200 mm through the pulling 

action from the connected fine thread with a smooth surface for reducing friction at 

around 0.013 m/s pulling speed. The other side of the thread was connected to the 

gearbox through the force gauge. By churning the gearbox, the buoyant material was 

held 100 mm below the water surface. The net buoyant force of the fabric was measured 

using a digital force gauge (SF-2, Shahe, China) with a testing force range from 0 to 2 

N and an accuracy of 0.001 N. 
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Figure 3. Experimental setup of the buoyancy-measuring system: (a) front view and (b) 

side view. 

 

3. Materials 

Twenty-two buoyant materials from the commercial market or custom-fabricated for 

this study were sourced, as shown in Table 1. Polymer materials such as neoprene, 

expandable polyethylene (EPE) and polyethylene (PE) foam are commonly used in 

conventional life jackets and buoyant swimwear because of their availability in a wide 

range of hardnesses, thicknesses and densities. The materials were divided into two 

categories: category A, which included materials in tubular form, and category B, which 

included materials in sheet form. 

As shown in Table 1, the materials with different diameters in category A included 

polyvinyl chloride (PVC) hollow tubes (A1), PE hollow tubes (A2 and A3), EPE rods 
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(A4, A5 and A6) and silicon foam rods (A7). Category B includes 15 types of traditional 

buoyant sheet materials, including laminated neoprene, which is commonly used in 

wetsuits for scuba diving and surfing to achieve buoyancy and warmth (Gadler, 2014). 

Two buoyant inlaid knitted buoyant material (B14 and B15) were prepared using a 

seven-gauge V-bed hand knitting machine (Wealmart, Hong Kong, China). When a 

yarn carrier that supplies knitting yarn at the normal timing is used with a carrier that 

supplies knitting yarn prior to the normal timing, the yarn is prevented from being 

hooked on the knitting needles, and inlay knitting can be performed (Okuno and 

Nakamori, 2007). Through inlay knitting technology, B14 was knitted by placing 

75/72d polypropylene knitting yarn at three ends and a 5.24-mm-diameter inlaid foam 

rod (A4) at one end. B15 was knitted by placing 75/72d polypropylene knitting yarn at 

three ends and a 4.27-mm-diameter inlaid tube (A3) at one end.  

Various measurements and calculations of the buoyant material were used to 

investigate the relationship between the properties of the buoyant material and the 

reliability of three buoyancy-testing methods (Table 2). For materials in category A, 

the linear densities (weight per unit length) and the specific gas volumes of the tube 

materials were calculated after measuring the diameter of the tube materials. For 

materials in category B, the thickness and the compressive force were measured. The 

cell count was also measured for bubble wrap material and polystyrene (PS) foam. The 

density (mass per unit volume) of the buoyant materials was measured, where the 

volume was calculated by mathematical equations 4 and 5 given in the previous section. 

The compression force of the materials in category B was measured using the Instron 

compression tester (4411, Instron®, England), where the force required to compress 

the foam by 40% of its original thickness was measured. The higher the measured force, 

the more rigid the foam is. Due to the limitations of the compression tester, the 
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compression force could only be measured for the buoyant materials in category B. The 

cross section of the buoyant tubes was first obtained with the Leica M165C stereo 

microscope (Leica Microsystems, Wetzlar, Germany). The inner and outer diameters 

of the buoyant tubes were then measured in four directions (Figure 4). The specific gas 

volume of the tested tubes was calculated using equations 6 and 7, given in the 

following. The gas volume can be calculated as follows: 

Vi = Ai × L       (6) 

where Vi is the gas volume of a plastic tube (cm³), Ai is the inner cross-section area of 

the plastic tube (cm²) and L is the average tube length of the buoyant material (cm). 

The total volume of a plastic tube can be calculated using equations 6 by replacing the 

inner cross-section area of the tube with its outer cross-section area. The specific gas 

volume can be calculated as follows: 

Vs = 
	

         (7) 

where Vs is the specific gas volume of a plastic tube (cm³), Vo is the total volume of a 

plastic tube (cm³) and Vi is the gas volume of a plastic tube (cm³). 

In this study, the buoyant materials were conditioned according to the ISO 

standard 12402-7:2006 (E) (International Organization for Standardization, 2006a) 

when measuring the buoyancy. The buoyant materials were then immersed to a depth 

of 50 mm in fresh water at room temperature 24 hours before the test. The details of the 

buoyant material specifications are summarised in Table 1, and the details of the test 

methods for material characterisation are presented in Table 2. 

 



12 

 

  

(a) (b) 

Figure 4. Microscopic view of the A1 tube: (a) measuring the inner diameter and (b) 

measuring the outer diameter. 

 

<Table 1 here> 

<Table 2 here> 

 

4. Statistical analysis 

To analyse the accuracy of the three methods, repeated measures analysis of variance 

(ANOVA) was performed using SPSS 23 (IBM Corp., Armonk, New York) and the 

root-mean-square error (RMSE) was determined. The RMSE is a measure of accuracy 

that compares the forecasting errors of the three methods. Reproducibility is the ability 

of the experiment to be duplicated. The coefficient of variation (CV%), which indicates 

the variation of the result, was calculated to determine reproducibility. To analyse the 

reproducibility of the two buoyancy-measuring systems, 15 measurements were made 

for five specimens of each buoyant material (Methods 2 and 3). Four measurements 

were made for category A materials and five measurements were made for category B 

materials (Method 1). Sensitivity refers to the ability to discriminate between buoyant 

materials. To determine the sensitivity, post-hoc tests were performed in SPSS 23. 
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Before conducting the post-hoc tests, Levene’s test was performed to examine whether 

the data violated the assumption of homogeneity of variances. Because the assumption 

was violated, Tamhane’s T2 test was conducted. The number of pairs with significant 

difference reflects the sensitivity of a tested method. If a large number of such pairs are 

found in Tamhane’s T2 test, the tested method has high sensitivity, and a small number 

of pairs indicates low sensitivity. The validity of Methods 2 and 3 was evaluated by 

studying their correlation with the net buoyant force calculated using Method 1. 

 

5. Results and discussion 

To evaluate the correlation and accuracy of the three methods, the testing accuracy, 

reproducibility (CV), sensitivity and validity were systematically compared. The results 

for the net buoyant force obtained with the three methods are presented in Table 3 and 

Figures 5–7. The larger the value of the net buoyant force, the greater the ability of the 

material to provide buoyancy in water. The buoyant materials B5, B6, B7 and B12 

exhibited high buoyant forces of 1.53N, 2.68N, 2.95N and 2.09N, respectively, when 

measured with Method 1. The buoyant force of these materials exceeded the measurable 

range of the digital force gauge used in Methods 2 and 3. 

 

<Table 3 here> 

<Table 4 here> 

<Table 5 here> 
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Figure 5. Net buoyant force (N) of category A materials measured by Methods 1, 2 and 

3. 

 

 

Figure 6. Net buoyant force (N) of category B materials measured by Methods 1, 2 and 

3.  
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(a) (b) 

 

 

(c)  

Figure 7. Linear relationship between (a) Methods1 and 2; (b) Methods 1 and 3; and 

(c) Methods 2 and 3. 

 

5.1 Results for buoyant materials 

As displayed in Figure 5 and 6, the net buoyant force measured with the three methods 

had similar trends, especially for category A materials. Generally, the net buoyant force 

measured with Method 2 was the lowest, whereas the force measured with Method 3 

was the highest. This result can be explained by the fact that the pulling method to 

submerge the buoyant material into water created friction between the pulley and the 

thread. The net buoyant force, including the frictional force, was measured. Thus, the 
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net buoyant force obtained with Method 3 was higher than the value measured with the 

other methods. 

In category A, buoyant material A1 had similar net buoyant forces with Methods 

1 and 3, but it could not be measured with Method 2 (Table 3). This finding implies 

that Method 2 may not suitable to measure buoyant materials with a low buoyant force. 

The water current caused by pouring water may have resulted in displacement of the 

buoyant material. In category B, B15 had the lowest rigidity because it had the lowest 

compressive force. The net buoyant force of B15 measured by Method 2 was 2.8 times 

lower than that of Method 1, which showed the greatest differences of the materials in 

category B. Similarly, B9 had the greatest rigidity because it had the greatest 

compressive force. The force of B9 measured with Method 2 was 1.2 times lower than 

with Method 1, which showed that the lowest differences of the measured net buoyant 

force were found among the materials in category B. This finding proves that the 

rigidity of the buoyant materials affected the accuracy of the testing result in Method 2. 

The buoyant forces of hard and rigid materials measured with Method 2 were closer to 

the actual buoyant force measured by Method 1. This can be attributed to the fact that 

these buoyant materials maintained their horizontal position when water is poured. In 

addition, the buoyant force measured by Method 3 was less affected by the rigidity of 

the buoyant material being tested. 

 

5.2 Testing accuracy 

The ANOVA and RMSE results indicated that Method 3 was more accurate than 

Method 2, as Method 3 generally had a lower RMSE than Method 2 (Table 3). The 

repeated measures ANOVA results exhibited overall significant changes between the 

three different methods for evaluating the net buoyant force (F (df = 2, 164) = 11.45, p < 
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.001, ŋ² = 0.66). The results of the multivariate Wilks’ lambda test exhibited overall 

significant differences between the three mean net buoyant force values (Wilks’ lambda 

= 0.242, F(df = 2, 81) = 127.03, p < .001, ŋ² = 0.76). The results of the Bonferroni pairwise 

comparisons indicated that the three methods were significantly different from each 

other. The net buoyant force measured using Method 2 was 35.7% (0.200 points on the 

scale) lower than the calculated value obtained using Method 1. However, the net 

buoyant force measured using Method 3 was 7.3% (−0.041 points on the scale) higher 

than the calculated net buoyant force. The RMSE results (Table 3) revealed that the 

high discrepancies resulting from Methods 1 and 2 for all of the testing buoyant 

materials decreased considerably when using the alternative buoyancy-measuring 

system (Method 3). This may be explained by the sequence of pouring water in the 

measuring system. In Method 2, air bubbles were found on the surface of the buoyant 

materials when water was poured into the device, which showed that air was trapped 

on the surface of the buoyant materials, thereby increasing the difference between 

Methods 1 and 2. In Method 3, the testing samples were submerged after the water was 

filled, the displacement of the testing buoyant materials by the water current was 

reduced, and the disturbance of the measured force by air bubbles was limited. 

Moreover, the result with Method 3 was 7.3% higher than that with Method 1, which 

showed that the frictional force caused by the pulling thread might have an effect during 

the test. The accuracy of Method 3 can be further improved in future studies by 

deducting the frictional force. 

 

5.3 Reproducibility 

The reproducibility of the three testing methods is presented in Table 4. The CV% of 

11 types of sheet-form buoyant materials and 7 types of tube- or rod-form buoyant 



18 

 

materials were calculated. The higher the CV%, the lower is the reproducibility of a 

method due to the increased variations in the collected data. Generally, the CV% of the 

buoyant force measured using Method 3 was lower than that using Method 2, which 

implies that the variation of measured force in Method 2 is higher than that in Method 

3. This may be explained by the interference with the measured buoyant force by the 

water current created when water is poured after the buoyant material is connected to 

the measuring system in Method 2. Thus, the reproducibility of the alternative 

buoyancy-measuring system was higher than that of Method 2. In Method 1, the high 

variance of the CV% for category A materials can be explained by the oval shape of 

the tubes. The varying diameters of the tube materials caused a large CV% when used 

in the numerical prediction equations. Taking advantage of the direct measurement in 

Methods 2 and 3, the reproducibility of these two methods is affected by the stability 

of the measuring system instead of the shape of the material. All of the results measured 

with Methods 2 and 3 had an acceptable CV% of less than 7%. Moreover, Method 3 

had the highest reproducibility among the three methods for measuring net buoyant 

force (CV% was lower than 5%). 

 

5.4 Sensitivity 

Sensitivity indicates whether any significant differences exist between different 

buoyant materials. To determine sensitivity, post-hoc tests were performed (Table 5). 

Methods 2 and 3 had higher sensitivity than Method 1, as indicated by the higher 

numbers of pairs with a significant difference for Methods 2 and 3. The traditional 

method of evaluating the net buoyant force using mathematical calculations had poor 

sensitivity. 

 



19 

 

5.5 Validity 

Buoyant force was calculated using the material’s volume and weight (Method 1) to 

determine which of the two test methods (Method 2 or 3) had a higher correlation with 

the calculated net buoyant force (Table 5). The Pearson correlation coefficients and 

bivariate scatterplot indicated that the three buoyancy-measuring methods had high 

linear correlations with one another (Figure 7) even though significant differences 

existed among the methods. This indicates that the differences may be systematic. The 

force measured in Method 3 had a strong and positive correlation with the calculated 

net buoyant force in Method 1 (r = 0.955). The results obtained using Method 3 had a 

higher correlation with the theoretical results than the results obtained using Method 2 

(r = 0.947). Moreover, the results obtained using Method 2 were strongly correlated 

with those obtained using Method 3 (r = 0.989). 

 

5.6 Summary of the three methods 

The traditional calculation method may be unsuitable for buoyant materials consisting 

of more than one material with complex construction because additional calculations 

must account for variations in the assembly and material. Moreover, direct buoyancy 

measurement of buoyant materials using Method 2 may be unsuitable for soft and 

flexible buoyant materials because these buoyant materials cannot maintain their 

horizontal position when water is added. The testing buoyant materials are displaced 

by the water current when water is added, which may affect the results of the measured 

force. For buoyant materials with weak buoyant ability, the measurement results are 

affected by the additional air bubbles created when adding water to the testing tank 

because the bubbles may be trapped on the surface of the testing buoyant material. In 

Method 2, additional time is required to remove and add water to the testing tank, and 
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the measurement results are affected by the disturbance caused by water currents. In 

Method 3, the frictional force caused by the pulling action of the buoyant material to 

submerge it in water between the connected thread and pulley is included in the 

measured force. The accuracy of Method 3 can be improved by reducing the frictional 

force of standard materials with known buoyant force. 

 

6. Conclusion 

The testing principles of an alternative buoyancy-measuring system (Method 3), the 

buoyancy measuring device of Jin et al. (2018) (Method 2) and the traditional 

calculation method (Method 1) are reviewed in this article. The accuracy, 

reproducibility, sensitivity and validity of the aforementioned methods were 

systematically compared through the experimental investigation of 18 types of buoyant 

materials. The ANOVA and RMSE results indicate that Method 3 has higher accuracy 

than Method 2. The results from Method 2 had a lower correlation with the calculated 

buoyant force than the results from Method 3. These findings indicate that the 

interference of buoyant force by the water current in Method 2 is much higher than the 

friction created in the alternative buoyancy measuring system. Methods 2 and 3 had the 

same sensitivity, which was higher than that of Method 1. In general, Method 2 was 

less suitable for measuring soft and flexible buoyant material and showed greater 

discrepancies compared to the results from Method 1 than compared to those from 

Method 3. Method 3 showed high accuracy, sensitivity and reproducibility, and its 

results were highly correlated with the calculated net buoyant force. Thus, the 

alternative buoyancy-measuring system can be used to estimate the buoyant ability of 

buoyant fabrics on small scales. 
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